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11. DESCRIPTION OF HARDWARE

Calibration of the small-break spocl piece 41 was carried out in
the Air-Water Loop Test facility using the horizontal 1-1/2 in.
schedule 160 pipe line between the air-water mixer and the separater
tank. Physical arrangement of the components and instrumentation
utilized for this calibration is shown in Figure 1, and described in
the following section, The small-break spool piece 41, and the
low-energy scanning densitometer are described in detail in individual
sections.

1. TEST SECTION CONFIGURATION

The test section configuration used for the small break spool
piece calibration is shown in Figure 1. The plexiglass pipe section
together with the low-energy scanning densitometer were mounted
approximately 150 diameters from the air-water mixer. Spool piece a1l
was mounted 10.3 diameters downstream of the plexiglass pipe section,
and the instrument washer immediately after and against the spool
piece.

A hinged multihole drag plate (shown in Figure [) was mounted in
the instrument washer and used to measure two-phase momentum flux.
Mounting configuration was with the force transducer in the horizontal
plane. The force transducer used was a variable reluctance transducer
developed by EGRG as a force sensor for the measurement of the drag
force on the body. The force exerted on the perforated drag plate
compresses a spring, the displacement of which is proportional to the
exerted force. The voltage output from the signal conditioning
electronics is thus proportional to the spring displacement and the
exerted force, This transducer was designed for a full scale
displacement (at the spring) of 1.27 mm (0.05 in.) at which point the
output voltage equals 10V.

A differential pressure cell (noted as APDRAG in tabulated
data) was connected between the interconnecting flanges of the two
spob ﬂieces Wiih the instrument washer sandwiched between, allowing

90010198
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measurement of the pressure drop across the drag device. A pressure
cell was also connected on the high pressure leg of the differential
pressure cell and was used for measurement of pressure at the drag

device.

A five point pitot-tube rake (shown in Figure 3) was inserted in
the plexiglass pipe section with the object of measuring the momentum
flux profile along a vertical pipe dizmeter, This was accomplished by
connecting the high pressure side of a diff <ntial pressure cell to
each tube of the rake and connecting the low pressure side of the cell
to a common header, which was connected to a static pressure wall tap
in the plexiglass pipe section. Figure 4 shows the plexiglass pipe
segment with the pitot tube rake installed. This arrangment allowed
measurement of the dynamic pressure of the fluid at five locations
along the vertical diameter. Since the dynamic pressure of the fluid
is a direct function of the momtentum flux, this measurement is

equivalent to a local momentum flux measurement.

The scanning densitometer was mounted at the plexiglass pipe
section, Data obtained provided both density distribution information
and accurate cross-sectiona) average densities,

Three reference turbine flowmeters of different ranges and a
thermecouple were installed in the water supply line, upstream of the
air-water mixer with the purpose of measuring the water mass flow
rate, Also, two reference turbine flow meters, a pressure cell and a
thermocouple provided measurement information of the flow, pressure,
and temperature of the air in the air supply line for determination of

the air mass flow rate prior to the air-water mixer,

A thermocouple downstream of the instrument washer measured the
fluid temperature at the output of the spool piece.

A complete list of instrumentation from which data was taken is

90010201
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This pulse-type system uses a single-channel analyzer set on an K,
x-ray peak and a counter and timer. For these tests the detector was
stopped for a set counting time at each of 25 positions over the flow
cross section. The total number of counts at each position was output
on a teletype while the detector was moving to the next position.

The successive detector positions essentially cover the entire
flow area giving a sufficient number of data points to indicate steady
state density distributions and to obtain cross sectional average
densities very accurately. A detailed description of the scanning
densitometer is provided in Appendix A. As a part of the data
reduction for the scanning densitometer, background and scattering
corrections were applied as required. These corrections were only
required when the Am-241 was used and are detailed in Appendix B.
Density distributicns obtained from the scanning densitometer are
presented in Figures 6 through 106. In these figures the chordal
average density obtained for each beam is plotted versus the elevation
of the beam center (nondimensionalized by the pipe radius’.

90010206
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IT1. TEST DESCRIPTION

The Air-Water Test Facility where the calibration of the
small-break spool piece 41 was carried out consists of a centrifugal
npump, air compressor, air-water mixer, separation tank, heat exchanger
and associated control valves. Also provided are single phase turbine

low meters, and pressure and temperature measurement instruments
necessary to calculate separate mass flow rates of the air and water
flows before mixing., Data acquisition and engineering un 't conversion
was provided by a Hewlet-Packard 2100 computer. Calibration was
conducted in horizontal 1-1/2 in, schedule 160 piping.

A pictorial view of the Semiscale Air-Water Test Facility showing
the physical location of the test section is given in Figure 5.

1. TEST PROCEDURE

The general test procedure was to establish a desired flow
condition and then to collect data during a 16 s samp'e period
consisting of 4600 actual samples per measurement, During this time
period, the scan of the scanning densitometer was initiated, and care
was taken to maintain constant air and water flow rates until the scan
was completed, All data (other than from the scanning densitometer)
was recorded on digital magnetic tape and later processed by a
computer program which (assuming steady-state conditions) reduced the
4600 actual samples to a single average value per measurement,

Prior to the start of two-phase testing a set of single phase
flows (i.e. all water and all air) were run to obtain the single phase
drag coefficient of the drag plate. During the two-phase testing,

{bets fofl ' test points were run with a constant air superficial velocity
at the test section during the set, and with the water superficial
velocity increasing between test points. The flow was returned to
zero before and after each set of test points to check for mechanical
sticking of the drag force transducer and drift in the differential

90010207
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5, SURFACE TENSION AT AIR-WATER INTERFACE

The surface tension at the air-water interface is obtained from a
third order fit to data, over a temperature range of 290-320% and

is given by

5(dynes/jcm) = 4231.77 - 40.272 T (%K)

2

+ 0.130416 T (°)2 - 1.41328 x 107 1 (%)’ (4)

6. AIR MASS FLOW RATE

The mass flow rate of the air is obtained by multiplying the air
density at the reference turtine (obtained from Equation 1 using the
temperature and pressure at the turbine) by the volumeteric flow rate

as measured by the reference turbine or,

%A (kg/s) = o (kg/m3) X 6A(L/s) : 1000 (L/m?) (5)

7. WATER MASS FLOW RATE

The mass flow rate of the inlet water is similarly obtained by
multiplying the water density (obtained from the steam tables based on
the flLid temperature) by the volumetric flow rate measured by the

reference turbine, or

m (ka/s) = o, (kg/m®) x Q(L/s) ¢ 1000 (L/m?) (6)

8. FLOW QUALITY

The flow quality of the two-phase mixture is defined as the ratio
of the gas mass flow rate to the total mass flow rate and is given by

(7)

90010210
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V. DATA PRESENTATION

The following tables present the time averaged values for the
data collected during the three air-water test series reported here.
Tables 2, 3, and 4 present the raw data. Tables 5, 6, and 7 present
the calculated quantities (i.e. mass flow rates, phase densities, flow
qualities, etc.). These quantities are all calculated using the time
averaged values from Tables 2-4. Tables 8, 9, and 10 Tist the
thermodynamic fluid properties of the individual phases of the test
section using the measured temperature and pressure. Tables 11, 12,
and 13 list the data obtained from the pitot tube rakes, in terms of
local momentum f]uxa, and the pressure drop across the drag device.
Density distributions obtained from the scanning densitometer are
presented in Figures 6 through 106.

a, The values listed are equal to twice the measured pressure drop
in Pascals (i.e. 1 Pa = 1 kg/m-s2),

o 90010212
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