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NOTICE:

This report was prepared as an account of Government-sponsored work. Neither
the United States, nor the Nuclear Regulatory Commission, nor any person
acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report may not
infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of, any informa-
tion, apparatus, method, or process disclosed in this
report.

As used in the above, 'person acting on behalf of the Commission' includes
any employee or contractor of the Commission, or employee of such contractor,
to the extent that such employee or contractor of the Commission, or
employee of such contractor prepares, disseminates, or provides access to
any information pursuant to his employment or contract with the Commission,
or his employment with such contractor.



Investigation of Post-CHF Heat Transfer
for Water-Codled Reactor Application
and Development of Two-Phase Flow
Instrumentation

Scope

Thi program consists of two tasks. Task 1 objective is to improve
present state-of-knowledge in the correlaticn of post-CHF heat transfer,
for application in blowdown and reflood calculations in reactor safety
analyses. Development of phenomenological models and experimental veri-
fication are being undertaken. The objective of Task 2 is to develop a
prototype probe for measurement of liquid film thickness and flow rate,
for falling films un vertical surfaces. This probe should be suitable
for use in safety experiments in PWR uyper plenum geometries, under simu-
lated reflood conditions.

Abstract

A two-phase loop has been modified to obtain post-CHF heat transfer
data with water at system pressures up to 100 psia. Development of a
probe to measure non-equilibrium “z.or superheat is in progress. A suit-
able test section for obtaining pyst-CHF data which will incorporate
measurement of vapor superheat is in the design stage.

A concept for measuring liquid film thicknesses in two phase flow
has been developed and tested with reasonable success. Optimization
of probe geometry is in progress. A suitable method for measuring film
velocities is being sought. Present investigation is directed towards
the use of hydrogen bubbles as tracers.



Progress in Report Period

Task 1: Post-CHF Heat Transger

A boiling, two-phase loop has been modified to obtain low pressure,
low flow data in the post-CHF regime. A main objective is to obtain
measurements of vapor supsrheat temperatures at known conditions of sys-
tem pressure, mass flux, wali temperature, heat flux and equilibrium
quality. The data would be useful for testing and upgrading post-CHF
correlations proposed by the present, and other investigators.

In this report period, an orifice flow meter has been built and in-
stalled to provide an electrical signal which can be directly transmitted
to a high speed, 64 channel Data Logger. Also installed was a power
measurement system which will provide a millivolt output signal. Thus,
all parameters of interest can now be measured and stored by the Data
Logger. With this, loop instrumentation is considered complete and the
loop is ready for operation as soon as the test section is installed.

A test section is being designed for obtaining post-CHF data. The
present concept is to use a 'hot patch' at the entrance [1] and direct
Joule heating downstream.

A suitable method for measurement of vapor superheat is in develop-
ment stage. The basic concept is %o use a microthermocouple with a fast
response in a configuration that will provide a) shielding of radiation
from the wall, b) inertial shielding of droplets, and c¢) aspiration to
maintain vapor flow past the thermocouple.

Results of using one such probe configuration in an air-water environ-
ment were reported in the previous report period [2]. It was seen that
the temperature-time trace obtained showed quench and recovery periods
which could be interpreted to estimate the vapor temperature. In the pres-
ent report period, a steam rig to provide steam at a superheat of about
100°C was built and various probe configurations were tesied in a steam-
water environment. Results indicate that the thermocouple does not re-
cover as quickly as in an air-water environment. Further tests are in
progress to determine a) the best probe configuration for fast recovery
of the thermocouple and b) the operating 1imits of steam temperature and
quality which will yield temperature-time traces from which the steam
temperature may be deduced.

Task 2: Two-Phase FLow Instrumentation

The objective of this task is to develop a prctotype probe for measure-
ment of liquid film thickress and flow rate, for falling films on vertical
surfaces. The operational requirements are:

1) Probes to be suitable for mounting on upper pienum quide
tubes or in the core barrel in simulated PWR assemblies.



2) Probes should be operable in a non-radioactive saturated
steam-water environment up to a pressure of 115 psia
(saturation temperature of 170°C).

1. Film Thickness Measurement

In the last report (2], a probe suitable for measuring either the
capacitance or conductance of a thin water film on the probe surface was
presented. Figure 1 shows the details of the probe.

a) Capacitance measurement: A commercial capacitance meter employing
a bridge circuit was used to measure the capacitance due to the film on the
probe surface. With the probe configuration shown, it is possible to meas-
ure either the capacitance Cg, between the two half-moon electrodes or the
capacitance C, between any half-moon electrode and the brass oute~ plate.
In the last report, variation in Cg with film thickness, &, was presented
for various constant electrical resistivities of the water film. It was
seen that 1) the probe was sensitive to change in film thickness up to
about 0.05 inches, 2) there was no effect of water resistivity in the resis-
tivity range of 40-600 kn-cm, and 3) there was a small and regular effect
of water resistivity in the resistivity range of 3-40 ka-cm.

In the present report period, the capacitance C, between one of the
half-moon electrodes and the outer brass plate was measured for various
water film thicknesses at constant electrical resistivity and temperature
of the water film. Figure 2 shows the variation of AC(=C-Ca4p) with & at
various constant water resistivities. It can be seen that 3 the probe is
sensitive up to a film thickness of about 0.1", 2) there is relatively
little scatter in the resistivity range of 9-400 kn-cm and 3) there is no
systematic trend in the scatter.

The higher range of sensitivity in aC measurement as compared to 4Cg
measurement is due to the increased distance (d) between the electrodes
Jgsed. Generally, for electrodes of similar surface area, the capacitance
measurement technique seems to be sensitive in the range of 0<§/d<1.5. The
reduced scatter in these experiments are believed to be due to improved
experimental procedure. Conceptually, for a given film thickness, the
capacitance is only dependent on the dielectric constant which does not
vary much with the electrical resistivity of the water. Hence, there should
not be a resistivity effect in the capacitance measurement. This is indi-
cated by the data in Figure 2. Figure 3 shows the variation of AC with ¢
for varying water temperature up to 85°C. Again, there is no systematic
deviation and for a measured AC, the error in predicting & is about 10-15
percent.

b) Conductance measurement: The probe shown in Figure 1 zan also be
used for measuring the conductance of a water film on the probe surface.
The technique adopted was to measure the conductance ratio G/Gg between the
two sets of electrode pairs on the probe surface. It was hoped that the
ratio measurement weuld cancel out any changes in the electrica: resistiv-
ity of the water. In the previous period, it was reported that there was
a significant effect of the electrical resistivity on the corductance ratio




for a given film thickness. In this report period, this discrepency has
been resolved. The electrical circuit employed consisted of an operational
amplifier in a simple feedback loop. It was discovered that the amplifier
chosen did not have a high enough gain. Mainly, the water resistance at
the probe surface, Ry, was about 1 M2 at a resistivity of 20 ka-cm. Using
calibrated resistors, it was found that the circuit operated correctly only
for Rg<300 kn. This is shown in Figure 4. Hence, a new circuit was de-
signed with a high gain amplifier and alsd incorporating shield followers
to eliminate stray capacitance due to cables carrying the probe signal.
This circuit was checked with calibrated resistors up to 5 M2 and found to
be adequate (Figure 5). The results of using this circuit are shown in
Figure 6 and 7. Figure 6 shows the variation of G/G. with film thickness
for various water resistivities. It can be seen tha% there i1s no appreci-
able effect of resistivity for p<140 ka-cm, especially in the range of in-
terest (5<0.1). It can also be seen that at p>140 kn-cm, there is signif-
icant differences in the data. This corresponds to a resistance Rg at the
probes of about 7 Ma, at which the usefulness of the circuit is questionable.
Figure 7 shows the variation in G/Gg with film thickness for various temp-
eratures up to 85°C. Since the only effect of temperature seems to be 2
decrease in water resistivity, no trend was expected and rone is seen in
the figure. The figure shows some scatter, but relatively little in the
region of interest and for a given G/Gg, the error in predicting § is

about 10 percent. Another way of using these data is shown in Figure 8
where the G/Gg values have been normalized between their zero and asymptctic
values. It can be seen that the data fall in a relatively narrow band for
all water resistivities tested (3-500 kn-cm). This implies that the probe
can be calibrated for any given water resistivity simply by measuring the
asymptotic G/Gg value at that resistivity.

¢) Conclusions: 1) Based on experiments conducted so far, it seems
that a probe can be designed to operate in either a capacitive or conduc-
tive mode, 2) Capacitance and conductive measurements yield two independent
means for measuring thin film thicknesses, thus providing a cross-check,
3) If, for some reason, the water becomes very conductive, the capacitance
method may not be useful, but the conductance method would still be viable.
On the other hand, if the water becomes extremely resistive, the conductance
method may fail, but the capacitance technique would be available, 4) The
conductance technique can be improved further by modifying the probe geometry
such that the resistances at the probe surface are reduced. This can be done
by suitably altering the surface areas of the electrodes and the gaps between
them. Several such probes have been designed and, thanks to Oak Ridge National
Labs, have been built and are now being tested. It is hoped that this opti-
mization procedure will yield a probe suitable for conductance measurement
for a wide range of water resistivities.

2. Film Velocity Measurement

The basic concept being considered presentiy for film velocity measure-
ment is a time-of-flight measurement using a tracer. The tracer being in-
vestigated now is hydrogen bubbles. These bubbles will be generated by
electrolysis of the water and made to flow over two probes to give the re-
quired time-of-flight measurement.



A rig has been built to test this concept and experiments are in
progress. A thin platinum wire (0.005" dia.) is being used to generate
hydrogen bubbles and two capacitance probes downstream are being employed
to detect the passage of the bubbles. It is not clear at this time
whether enough bubbles of reasonable size can be generated and channelled
over the probe surfaces to yield a measurable signal. This is being
investigated further, Other signal pick-up methods are also being consid-
ered. An ultra-sonic technique is also being investigated.
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Figure 1 Configuration of film thickness probe
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SRP-12 Reactor and Control Building Automatic Suppression Water Feed

Staff Concern:

The loss of the present single suppression water supply to the
control and reactor buildings will result in a loss of both
automatic ana ma..al fire suppression capability.

Staff Position:

Provide an independent feed for automatic suppression systems
in the reactor building and control building.

SRP-13 Cable Expansion Room

Staff Concern:

A fire in this room could cause an unacceptable loss of redundant
safety-related electrical circuits.

Staff Position:

Provide an automatic suppression system for the cable expansion
room.

SRP-15 MG Set Curbing

Staff Concern:

A Tubricating oil spill fire in one MG set could result in an
011 system failure and resultant oil spill from the adjacent

MG set with a potential for effecting safety related cables.

Staff Position:

Provide a curb between MG sets - EL.976.



SRP-16

SRP-17

SRP-18

SRP-20

. 3

Control Room Particle Board Wall

Staff Concern.

Flames spread characteristics of this wall are unknown.

Staff Position:

Provide the flame spread rating for the plastic laminate and
particle board wall panels in the control room.

Penetration Barriers

Staff Concern:

The cable penetration barriers may not be adequate to prevent
a fire from propagating through the barriers.

Staff Position:

Provide the testing documentation that substantiates the
adequacy of the penetration barriers.

Fire Alarm System

Staff Concern:

The existing fire alarm system may not meet requirement of
NFPA 720.

Staff Position:

The existing fire alarm system should meet NFPA 720, and if
not, identify any deviations.

Control Building Corridor - EL.903

Staff Concern:

Due to the location of the safety-related equipment and non-
contunity of three hour fire barriers in this area, positive
methods for elimination of fire paths are essential. A fire

in this area could cause an unacceptable loss of redundant
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