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INTRODUCT 10N

The objective of the BNL Light Water Reactor Development Program is to
obtain measurements of the volumetric vapor generation rates in flashing
steam-water flows under steady and transient conditions of interest in
accident analysis. Instrumentation in support of this activity was developed
and constructed to obtain botn local and glopal measurements of the appropriate
information, i.e., void fraction and phase velucities. The methods described
include iocal instruments (optical and r-f probes) that provide local infor-
mation and a global densitometer using y attenuation techniques. A mini-
computer based data acquisition and data analysis system was also developed
including a block signal analysis system with the proper time and frequency
domain data manipulation software. This presentation summarizes the current

status of the work and the accomplishments.

LOCAL PROBES

Local instruments for measuring the local void fractions and interphase
passage velocities, consist of the optical probe and the r-f probe.

a. The optical probe. Three optical probe configurations have been

used in the literature (Miller and Mitchie, 1969; Danel and Delhaye, 1971;
Hinata, 1972). Three problems were identified common to all the probes
mentioned above and were encountered in interpreting the local probe output:
i) the electronic response of the system for fast moying small bubbles,

ii) the hydrodynamic response of the probe tip, resulting in different
penetration times of the probe into the bubble and back into the 1iguid.

These penetration times were also observed to vary with the bubble size and
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interface velocities, iii) the bubble dynamics,where following the stream-
Tines, bubbles may at low velocities escape the probe tip and are not
registered.

Based on preliminary considerations (Jones, 1977; Abuaf and Swoboda, 1977a),
the construction techniques of an optical probe with a different tip geometry
-~ developed and is documented in Figurc 1 (Abuaf and Swoboda, 1977b).

F gure 2 represents the schematic of the probe, the 1ight source, and the
photodiode, amplifier circuit (rise time of 20 usec). The electronic response
of the system was checked by means of a 1ight emitting diode (LED) placed in
front of the probe tip. The LED output was modulated by using a signal
generator so that light pulses of different widths were emitted at various
frequencies to simulate the passage of bubbles. The hydrodynamic response of
the probe was investigated in an experimental set-up presented in Figure 3.

It consists cf a glass tube (0.64 cm I.D. and 83 cm long) through which
different size bubbles can be accelerated to various velocities

(8 cm/s - 280 cm/s) by means of a pressurized water column. Typical oscil-
lograms of the probe output are depicted in Figure 4, showing the response to
water, air and passage of the bubble. The ratio of the probe signal amplitude
at various bubble velocities to the signal amplitude in air, under steady
condftions is seen to decrease with the bubble velocity (Figure 5), for two
probes having the same tip geometry.

Concerning the bubble penetration times, at high bubble velocities, the
data follow a 1/v variation, but for low velocities (< 50 cm/sec) they become
longer than the 1/v predictions, showing a possibie surface tension dominance

(Figure 6).
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In order to study the effect of tip geometry, an optical probe with a
tip similar tc :e one used by Danel and Delhaye (1971) was built (Figure 7)
and checked ir the same calibration loop presented in Figure 3. Typical out-
puts are presented in Figure 8. An important observation to be mentioned is
that the probe signal output does not go zero as in the previous case, when

the probe tip ic .mmersed in water. The net output, I, divided by the steady

net output in air, Io, is plotted in Figure 9 as a function of bubble velocity,

The a“tenuation of the signal cbserved is less for this geometry than the one
previously presented in Figure 5. The penetration times, Figure 10, for the

U-shaped proba tip geometry show a similzr ,ariation to the ones observed

previously, (Figure 6). At high velocities U, > 40 cm/sec, they are 33 percent
3

longer showing a strong effect cf the tip geometry.

The flat face optical probe with 90° total angle was also checked at
the high velocity air-water loop shown in Figure 11 (Leonhardt, 1977), in
the horizontal position. Figure 12 shows some typical results of the probe
output for superficial water velocitier of 6.8 m/sec. The reason for this
behavior 1s due to the change in the relative direction of the gravity field
with respect to the probe axis and with respect to the shear and surface
tension forces acting.

In order to methodically study the geometrical optics and response
characteristics of various probe geometries, a computer program was written.
The program sets up a given probe tip geometry, half circle or linear

(Figure 13). It then divides the incoming fiber (n = 1.62) into N

glass
equal segments. From each point, Xgs Yoo rays of 1ight traveling as

straight lines and making an angle , with the vertical axis are drawn. The
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Fig. 13 - Schematic Representation of the Probe Tip for Computer Program.

(RNL Neg. No 1-644-78)
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angle - is varied from T to o oan in half degree increments, The value
of nx is determined from the numerical aperture or acceptance cone provided
by the optical fiber manufacturer. For our case, this was chosen as 30°, The
prog~am Jdetermines the intersection point of the specific light ray and the
face B. At that point, Snell's law is applied to decide whether the ray is
refracted out or reflected back assuming the probe tip to be in water or in
air. The ray, if reflected, is followed to face C., The same procedure is
applied to decide the refraction or reflection at point C, If the ray is
once again reflected, and is traveling tuwards the detector D, Lhe geonetry
is once again checked for refraction along the fiber as:uming that tne fiber
is in air. Some of the rays reflected from the face B can also return through
the fiber A. Keeping a close account of the rays which were initiated and the
rays lost at A, B, C, or D, one is able to calculate the percent of the rays
which go to the detector and provide a | seful output signal. The probe
response was investigated in air and in water as » function of the probe tip
angle, and the acceptance angle, (Abuaf, et al, 1978a). The calculations
were also extended to study the signal attenuation that would be experienced
when a variable film thickness is present at the probe tip (Abuaf, et al. 1978b).
A possible explanation for the probe output behavio~ for various bubble
velocities was presented by Abuaf (1977c), A water film .hickness left on
the probe tip and increasing with the bubble velocity was thought to explain
that the computer program can provide a measure of the signal decrease with
water layer thickness, one can calculate anu predict a probe behavior sim’lar
to the one experimentally observed by combining the twe predictions, Figure

14 is a plot of the water layer thickness as a function of wire withdrawal

-11-
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velocity as calculated from the theoretical predictions of White (1968) and
Tallmadge (1967), for three cylindrical tube diameters. In Figure 15,

the attenuation of the light signal reaching the detector normalized to its
steady maximum value in air is presented as a fun~tion of the water layer
thickness, 6 (mm) for a 0.125 mm fiber. The results shown are obtained from
a computer program and apply to two ranges of the acceptance angle

-30° < 8 < 30% and -5 < 5 < 5°, Combining figures 14 and 15, we obtain

a cross plot of the normalized signal, I/Io, vs. the withdrawal velocity
assumed to be equal to the bubble velocity (Figure 16)., The decrease of
I/I0 vs U is very similar to the one observed experimentally and reported
in Figures 5 and 9. This reasoning and results show that our physical
understanding of the optical probe behavior is reasonable.

b. The r-f Probe. In parallel to the optical probe, a second probe

operating on a radio-wave frequency (r-f probe) was also developed, built and
is being tested (Abuaf, et al., 1977c). The probe (Figure 17) consists of two
shielded insulated wires. One of the wires is used as an emitter and fed a
sine wave. The second wire is used as a receiver or antenna, and the out,.t
is fed to an oscilloscope after proper amplification, The probe output depends
upon whether or not the two wires at the tip are immersed in water or in air.
A static calibration of the probe output in the low velocity calibration

loop, Figure 3, showed that the output varies with the input frequency,

Figure 18. The probe seems to act as a band-pass filter. The output also
varies linearly with the immersion depth along the nonshielded parts of the
wires. The probs with a 500 kHz, 23 v ptp sine wave inout was tested in the

set up shown in Figure 3. The bubble velocity and size were also recorded

-12-
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Fig. 17 - Schematic Representation of the r-f Probe. (BNL Neg

. No 4-920-78)
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independently by two 1ight sources and detectors. Typical outputs are <iown
in Figures 19 and C0. Figure 21 is a zoom-graph of the r-f probe respcnse
during the passage of the bubble. The response of the probe appears to be
consistent under the dynamic or static operation conditens., Figure 22 shows
a comparison between the bubble relocities as determined by the r~f probe
and the output of the two light sources-two detectors set-up, The agreement
is satisfactory.

Considering the void fraction measurements, Figure 23 depicts agreement
between the bubble sizes as determined by two independent methods (r-f probe
and two 1ight sources detectors) as a function of bubble velocity. The r-f
probe seems to have a relatively simple construction and once tuned properly
to the experimental geometry, seems to provide the necessary information (void

fraction and interface velocity).

GLOBAL INSTRUMENTS

The global instruments for measuring the chord ayeraged yoid fraction
consists of five channels of y sources (Thulium 170, half life of 127 days,
and 0.084 Mev) and Cadmium Telluride detectors. Sources having a strength
of 30 ci should yield a one standard deviation of ~ 1.5 percent in a 1.0 ms
sample at the detector. The five channels are provided with the proper

2

collimation to haye a measuring area of 2 x 2 mm~ and will have the ability

to traverse the test section both in ax‘al and transverse directions.

DATA ACQUISITION AND DATA ANALYSIS SYSTFA4S

The centralized Data Acquisition and Data Analysis System (DADAS) was

designed as a real time digital data system with multiterminal multitasking

-15-
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capability. The system was constructed around a Hewlett Parckard 9640 system
1000 consisting of a 21IMX minicomputer with 112 kilowords of central memory,
7.5 megaword cartridge disc, 9 track magnetic tape transport and paper tape
I/0. Central control of the system i< accomplished with a CRT terminal while
the 3 satelite stations employ siient 700 terminals. Tabular and graphical
presentation of data is achieved with a Varian electrostatic printer/plotter
capable of listing 600 LPM and plotting 1.6 ips. Interface of the ADC systems
is both direct, an interface per device, and via the 'niversal interface bu. .
IEEE standard 488 (Figure 24).

Three levels of ADC speed and resolution are incorporated within DADAS.
The slow speed, high resolution system employs an integrating digital voltmeter
with microvolt resolution and 300 channel guarded crossbar scanner. The through-
put rate of this system is up to 18 measurements per second with high common mode
voltage rejection capability. The intermediate speed system is a 15 bit
(+ 10.24 volts) multiplexed ADC with a 50 KHz through-put rate. The system
omploys a single programmable gain amplifier and a signal conditioning amplifier
and filter per channel. The system “'s high common mode voltage rejectijon
capability and can be connected directly to experiments. The high speed system
is also a 15 bit (+ 10.24 volt) multiplexed ADC with a 500 KHz through-put rate.
The system has 8 input cnannels with simultaneous sample and hold amplifiers,
This sytems was designed specifically fur digitizing ana'og tapes.

A software system is currently under development which utilizes the ADC
sy-tems to generate a 1.25 megaword data base. The data base can then be
broken up into blocks which represen. a smaller time frame within total time
of data base. The block size is variable from 128 data words to 2048 data words

and the time step F=tween data words within the “lock can be any factor of 20

-19-
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microseconds. The system permits mathematical manipulation of both the data
block and the contents ¢f the data block. The results of the block analysis
can be displayed in both tabular and graphical form as required. In the

signal analysis work, time and frequency domain data manipulation software was
integrated into the block system with the needed real and complex mathematics.
Concerning the methods for correlation incoherencies in data acquisition hard-
ware, an analytical method was presented based on the cross correlation function.
A cumputer program was written, incorporated into the system, and an example
:as solved where time incoherency between two recording channels was determined
(Abuaf, et al 1977c). A program that computes the discrete Fast Fourier
Transform of a time series was also added to the package. The same program
also allows calculation of the inverse Fourier Transform, Using these

s. bprograms, a typical signal enhancement procedure was set, and an example

was solved. This last program allows the reconstruction of input functions

to instruments once the output and the instrument transfer functions are

known (Abuaf, et al 1977c).
SUMMARY

In summary, one can state that with respect to local probes:

- An optical probe was deve - .ed, constructed and its response
to bubbles was investigated.

- A computer program was written to study the probe response
characteristics and determine the optimum probe geometry.

- The new design being encased in stainless steel is less

fragile anu can withstand more difficult conditions,

-20-



- It was shown that with proper calibration a single
probe could give both interface velocity and void
fraction in the velocity range studied.
- A potential physical explanation for the optical probe
behavior has been identified.
- An r-f probe was also developed, constructed and its
calibration was executed.
A block signal analysis system was developed and time and frequency
domain data manipulation software was integrated and appiied to some specific

problems.

& T
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