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SODIUM BOILING EXPERIMENTS AT DECAY POWER LEVELS (4)

Summary Assessment of the Low-Flow and Low-Heat-Flux
Sodium Boiling Experiments at PNC

X. Yamaguchi*, T. Isozaki® and T. Aoki®

Abstract

The objective of the Sodium Boiling Experiments at Decay Power Levels is
to examine the heat removal capability of reactor fuel subassemblies under sodium
boiling condition, which is a matter of arguments in analyzing the accidents like
the loss of piping integrity and the loss of shutdown heat removal system. Prior
to progressing the test program, a survey study was conducted to fix the scope
within which an advanced investigation should be required to analyze the event
sequence following after sodium boiling at low flow. The study focused on the
results of the past low-flow and low-heat-flux boiling tests performed with the
SIENA Facility, with special attension to summarizing the critical (dryout)
conditions of the two-phase flow heat transfer. The corresponding data for water
cases were also examined. The topical results are as follows:

(1) The dryout phenomenon reproducible under annular flow condition at relatively
high flow is well predicted to occur by the criterion that the exit quality
equals to 0.5.

(2) Even if the mismatching ratio of power to flow is increased at low flow
range, the slug flow pattern is sustained, repeating the void expansion and
contraction synchronized with the unstable flow oscillation. In this case,
the extra-superior heat removal capability is expected due to strong heat
sink around the voided region.

The tendencies of the dryout quality data at anmular flow on several
parameters are resembled to those of water data, from which one can reach the
conclusion that the dryout criterion confirmed here would be reasonable for the
sodium flow cases. The forthcoming experiment should be, therefore, concentrated
on examining the factors influential to the flow pattern transition and on
generalizing the dryout data base at annular flow having less coolable nature.

* Reactor Engineering Section, FBR Safety Engineering Division, O-arai Engineering
Center, Power Reactor and Nuclear Fuel Development Corporation.
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1. TINTRODUCTION

In the cases of Loss of Piping Integrity (LOPI) and Loss of Shutdown Heat
Removal System (LSHRS) accidents in a Liquid Metal Fast Breeder Reactor (LMFER),
the process of decay heat removal may lead to sodium boiling. It has been
mentioned that the low-heat-flux boiling is strongly influenced by the transient
change of the buoyancy force induced by the changes of local coolant temperature
and density. Also pointed out is the presence of the thermal heat conduction
between adjacent coolant subchannels, which tends to homogenize flow and
temperature patterns. The compounded complexities are, however, not well known
from past sodium boiling experiments conducted under relatively high heat flux
and high flow conditions. The sophisticated coupling between thermohydraulics
within a subassembly and hydrodynamics around a primary loop is an associated
important subject to be solved to account for the emergency cooling during the
LOPI and LSHRS transients.

From these general needs, the Research and Development (R&D) program, "Decay
Heat Sodium Boiling Test", was initiated in 1978 at the Reactor Safety Section
of O-arai Engineering Center, Power Reactor and Nuclear Fuel Development
Corporation (OEC/PNC). The first series experiments used a 37-pin bundle test
section named "37F"(1),(2), The complex behavior of "natural circulation”
sodium boiling was examined there, including seven dryout runs. The present
report is addressed to describing the results of the second series experiments
conducted in 1980 with a similar 37-pin bundle test section, "37G". The main
purpose of the present exXperiments lies in obtaining and supplementing a
knowledge on the critical condition of decay heat removal by "steady-state"
sodium boiling.

Besides these efforts at PNC, several experiments relevant to the low-heat—
flux boiling have been carried out, such as those conducted at Oak Ridge National
Laboratory (ORNL) with the Thermal-Hydraulic Qut-of-Reactor Safety (THORS) and
Sodium Boiling Test (SBT) facilities(3)-(8) and at Kernforschungszentrum
Karlsruhe (KfK) with the Natrium Siede Kreislanf (NSK) facility(9),(10), fThere
existed many differences in every experimental conditions, bundle configurations,
test procedures and so on (see Table 1); they naturally caused the observed
dryouts to fall into rather disconnected results. However, fundamental
consequences of the low-heat-flux boiling might be pictured with the results of
these experiments. For instance, the PNC three natural circulation dryout
runs(l)sgz showed drastic changes of flow patterns from bubble flow to slug flow
and then to annular or annular-mist flow in keeping with the increase of
operating power. The similar transitions of flow patterns were identified in
the ORNL natural circulation boiling test with SBT facility(3),(8) where two
dryout runs revealed the presence of the insecure transition phase where the
dryout and rewetting were repeated in turn prior to the permanent dryouts. One
data point issued from the KfK natural circulation boiling test with NSK
facility(10) algo implies the similar feature of the high-quality dryout.

On the other hand, the THORS facility at ORNL provided for the Loss—of-
Flow (LOF) type transient sodium boiling experiments. A total of three dryout
runs(3), was conducted with rather high power conditions. Since dryout
was reached at the end of the LOF-induced short-period transient boiling of less



PNC SN941 85-56

than one minute each, an inevitable incoherency of the boiling behavior by the
wrapper tube thermal inertia and by the other retaining traces of the flow coast
seemed to force the flow pattern to remain unstable (i.e. the slug flow and/or
oscillatory boiling). However, the order of the magnitudes of exit equilibrium
qualities, if calculated using the mean values of oscillating variables, are
close to those of the steady high—quality dryout experiments.

There is a long history of the burnout experiments in water. The effects
of various parameters on the boiling crisis have been extensively discussed
(11)“(16), while we cannot find so much data obtained at decay heat power levels.
Even in this area, the discussion of importance must be, therefore, based on the
extrapolation of the data tendencies identified at the middle power range. The
extrapolation leads to the prospects that the generated decay heat must be
removed by the liquid film evaporation and convective heat transfer of the vapor
and droplet mixture, viz. if the liquid film vanishes completely, dryout would
eventually occur. Based on this dryout model, it has been pointed out that the
effective parameters on the boiling crisis are the quality (enthalpy), boiling
length, flow patterm, entrainment %eneration rate, film thickness, vapor pressure,
coolant flow rate and so on(11},(12),(16) (see Appendix A). The weak dependency
on the local heat flux is worth noting for a high-quality dryout. In general, it
would be too hasty to apply the conclusions obtained from water to sodium, because
there is a large difference in thermal properties between these two working
fluids and a2 distinct gap between the tested pressure and flow conditions in
water and those interested in the LMFBR emergency cooling. Nevertheless, we can
gain the essential knowledge of the high—quality dryout from water to achieve a
better understanding of the possible correlations of dryout conditions in sodium.

Meanwhile, all the published data of critical heat flux in sodium,
summarized in Table 1, can be traced against exit equilibrium qualities at the
onsets of permanent dryouts(z):(A),(6)s(10); the result is showm in Fig. 1.

A glance at the figure reveals the insufficiency of the number of data points
around the decay heat level(l7) from which one can examine the similar items to
those suggested for the high-quality dryout in water. Therefore, the effort of
the present work was focused on obtaining dryout data as many as possible under
low-heat—flux conditions covering decay heat power levels of 5 to 20 W/cm2.

The test method should be selected so that we can widely alter several operating
parameters to examine the sensitivities of them on the boiling crisis. The
natural circulation operation of the test facility is inadequate for this aim.
Therefore, the forced comvection method with very tight initial settings of the
inlet valve throttlings was adopted to suppress unintentional flow acceleration
by the induced buoyancy force of two—phase flow. Better simulations of the test
conditions and the geometrical ones in respect to the IMFBR accidents, e.g. the
simulations of pin bundle size, axial power shape, heated length and primary loop
hydrodynamics, are the subjects of the forthcoming studies. Due to the technical
difficulties in performing transient experiments, the present study was, in
addition, restricted within the frame of steady-state boiling. Transient
experiments simulating LOPI accidents like those conducted at Argonne National
Laboratory (ANL) and Hanford Engineering Development Laboratory (HEDL) with
in-pile Sodium Loop Safety Facility (SLSF), i.e. the test series np1"(18)-(20)
and "wi"(21)-(23) (see Appendix B), are far beyond the capability of our aged
facility.
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Tab

le 1. Summary of the high—quality dryout experiments under low
heat flux conditions.

Tester Pin bundle Heated length Heat flux Exit quality
37-pin
PRC wire-wrapped 450 mm 39-52 W/ cm? 0.6-0.7
bundle#®##* (uniform)
ORNL Tube 965 mm 17 Wem? | (1.0-1.5)*
(uniform)
Equivalent
37-pin bare
bundle with
KfK central 24- 400 mm 12 W/em2 0.8
subchannel
blockage**
19-pin 39-92 W/ em2
ORNL wire-wrapped 914 mm {Chopped- 0.3-0.7
bundle cosine)

%

ARk

There is some uncertainty in the heat balance of the test

section heated by a radiant furnace.

Central equivalent 7 pins and outermost equivalent 6 pins are

not heated.

One or three pins are not heated.
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Fig, 1 High-quality dryout data under low heat flux conditions
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2. SIENA FACILITY AND 37G TEST SECTION

2.1 Sodium loop

The schematic diagram of the SIENA facility is shown in Fig. 2. The present
experiments were conducted with the FPL (right hand side of the illustrated
diagram), in which the 37G test section was mounted on the attachment ports of
the T-3 test section. The SBL is mainly used to purify the charged sodium. The
plugging temperature was around 120°C. This means that the desolved 0y
concentration is around 1 ppm (by Eichelberger).

The main line of the SIENA facility which is used in the present experiments
consists of two inches (2B) and three inches (3B) pipes, two tanks (expansion
tank; ETK, and separator tank; STK), air cooler, pump, 37G test section, and
several valves. They are shown in Fig. 3, where the pipe lengths and the
elevations are also written with [mm] units. The datum plane defined for the
37G experiments is equal to the EL-6643 mm plane, which corresponds to the top
plane of the heated section. The sodium driven by the main pump enters the test
section, flows up through the pin bundle, being heated up to cause sodium boiling
and dryout. Although the voided region can extend toward downstream unheated
sections, it takes very long time for the cold sodium in the outlet piping to be
replaced by the two~phase hot sodium due to nearly stagnated coolant flow.

During the present experiments, the sodium temperature entering the expansion
tank was always below the boiling point. The sodium coming out of the expansion
tank moves to a subsequent separator tank. In the cases of gas release rums,
sucked gas bubbles in sodium can be completely separated by these coupled tanks.
After leaving these tanks, the sodium enthalpy is lowered, if required, by an
air cooler to maintain the cold-leg sodium temperature constant.

The FPL has the other two passes from the main pump to the expansion tank,
i.e. a line through the T-2 test section and a bypass line. The attachment
ports of the T-2 test section are designed to have a capability of receiving
only a pin bundle of size up to a 7-pin bundle. Therefore, it was not used in
the present experiments, but was replaced by a 1B Sch20s (0.D. = 34.0 mm, I.D. =
28.0 mm) stainless steel (SUS-316) pipe. An auxiliary heater 1s in the bypass
line so that the loop sodium temperature condition can be regulated prior to the
experiments. During the loop operation, flow conditions through three parallel
passages from main pump to expansion tank are independently controlled by
throttling the inlet valves or by changing the main pump power. The layouts of
these bypass lines are drawn in Fig. 4. The air cooler has its bypass line.
The bypass line is often used for such experimental runs as conducted with a
small amount of pin power which is well removable by the heat loss from the
surfaces of pipes and plena.

The normal sodium level of the FPL is designed to be EL-9200 mm (50 mm),
while the sodium charge into the loop was frequently ceased by attaining the
level of EL-9100 mm. The total sodium inventory in the dump tank is about 1,300
kg and its half amount 1Is charged to the loop. There are two free surfaces of
sodium: one is in the expansion tank and another in the separator tank. During
the operation of the loop, free surfaces of sodium in these tanks are covered
with the argon gas supplied through a connecting line: the separator tank is



PNC SN941 85-56

directly connected with the expansion tank via the 6015 mm leng 3B Sch20s
(0.D. = 89.1 mm, I.D. = 8l.1 mm) sodium line and the 2675 mm long 1B Sch20s cover
gas line. At a middle point of this cover gas line (1465 mm from expansion tank
and 1210 mm from separator tank), the pipe is branched and is connected with a
large surge tank via the ~11.1 m long 1B Sch20s gas surge line. The vacuum and
vapor trapping systems are equipped at the SBL side of this gas surge line.
Besides these cover—gas lines, the FPL has a high-temperature gas supply system.
It can be used to inject argon gas into the flowing sodium from the inlet piping
of the test section with nearly the same gas temperature with that of sodium.

2.2 37-pin bundle test section

An IMFBR fuel subassembly was simulated by an electrically heated 37-pin
bundle, 37G, illustrated in Fig. 5. The geometrical configuration is summarized
in Table 2, where the scales of every items are contrasted with that of the 37F
test section and the MONJU fuel subassembly. The pin bundle is installed in a
hexagonal wrapper tube made of 10 mm thick Inconel-600 so that the nominal gap
between the peripheral pins and the inmer wrapper tube wall is 1.43 mm (it is
1.34 mm for MONJU). These subchannel characteristics are summarized in Table 3.

Figure 6 shows the pin used for the 37G test section. The heated section
and the lower unheated section of all test bundles have been fabricated thus far
with the universal specification, i.e. the diameter of each pin is 6.5 mm and
the pin pitch of the triangularly located pins is 7.9 mm. The pin spacing
specified by the pitch to diameter ratio of 1.216 is maintained by wrapping a
spacer wire (SUS-316) of 1.3 mm diameter around each pin with a helical pitch of
265 mm, while it is replaced by the same diameter thermocouple for some pins.
The bundle has a 450 mm length heated section, both ends of which are connected
to a lower and an upper unheated sections of 248 and 849 mm long, respectively.
The design of the upper unheated section is often changed for different bundles.
For the 37G test bundle, 10 mm long pellets of SUS-304 are inserted in a hollow
pipe located next to the heated section. There is an inert helium gas
(atmospheric pressure at room temperature) in the gaps of the pipe wall and
pellets.

A small plenum is attached at the bottom of the hexagomal wrapper tube of
the test section. It is shown in Fig. 7. The inlet pipe is conected to it.
The bottom plate of the inlet plenum serves as a flange for the pin extraction.
A total of 37*%2 lead wires from the pins is distributed in the electrode box
which is filled with the helium gas with the pressure of about 0.15 MPa. The
upper structure of the 37G test section is shown in Fig. 8. There 1s no
bundle—exit structures at the downstream region except for a sleeve of the
eddy-current flow/temperature probe of PNC Mark-II type, although a simulated
neutron shield was attached to the 37F test section.

2.3 Heat balance

There is no thermal insulator around the electrode box attached to the
bottom of the inlet plenum of the test section. Therefore, the heat conduction
through the flange and the heat penetration across the box would be a major
fraction of the heat loss from the inlet plenum. The heat loss would be up to
a few kW order in magnitude, while no detailed evaluation has been conducted
thus far. The inlet temperature denoted usually in this report means the sodium
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temperature measured at the 285 mm upstream point from the plenum center. Hence,
the sodium is cooled before entering the hexagonal test section to yield a lower
inlet temperature especially for low-flow runs.

The hexagonal tube of the 37G test section is wrapped with the fine-flex
(glass fiber) thermal insulator of 112 mm in ocuter diameter. The steady heat
loss under boiling condition is roughly predicted as 0.5 kW/m(2). The thermal
properties of the insulator and structure materials are summarized in Table 4,
where T is a temperature denoted by [°C] wmit.

The simulation of the transient heat sink of the wrapper tube is beyond the
scope of the present experiments, because the thick wrapper tube is used to
endure the severe condition of boiling experiments. One of the typical values
of the maximum transient heat sink is around 5 kW/m in such a case that the
temperature ramp ratio of the wrapper tube is 1 °C/s.

2.4 Instrumentation

Figures 9 and 10 show the external instruments of the test section used for
the present experiments. There are four flow-meters (F-101, F-102, F-103 and
F-106) in the SIENA facility, and one (F-107) at the 37G test section. Their
specifications and locations are listed in Table 5. The flow-meters F-101,
F-102 and ¥-103 (total flow, inlet flow of T-2 test section, and inlet flow of
T-3 test section) are fabricated by a fabricator with a sufficient knowledge on
utilization in sodium. 8Still, some of them are calibrated also in the SIENA
facility by checking the enthalpy balance of the heated sodium flow. The F-103
signal is usually used as an inlet flow of the T-3 test section. The F-106 and
F-107 are flow-meters provisionally installed. Parmanent magnets are fastened
on the thin covers of the thermal insulator of inlet pipe and wrapper tube,
respectively, -with no pretensions to artifice.

There are four pressure sensors (P-201, P-103, P~106 and P-108) in the
SIENA facility, and three (P-109, P-110 and P-111) at the 37G test section.
Their specifications and locations are listed in Table 6. The P-201 signal is
used as a system pressure {over—-pressure of the gover—gas volume) and the P-108
signal is as an inlet pressure of the test section. The inlet pressure P-106
was not in operation during the present experiments. There are many acoustic
sensors. They are used for the boiling detection.

The sodium temperature at the inlet of the test section is measured by the
3.2 mm diameter thermocouple T-003. T-003 is inserted into sodium flow through
the pressure guide tube for P-106 and P-108 (see Fig. 7). It was often changed
into a new one and was carefully calibrated prior to its attachment in the SIENA
facility. It has been customarily used as a standard temperature throughout all
experimental runs.

Five themmocouples of 1.6 mm in diameters (T-101 through T-1053) monitor
surface temperatures of the hexagonal wrapper tube and the inlet plenum (see
Fig. 10). They are mainly used to control preheater powers added to the test-
section materials during the preheating operation of the SIENA facility. Hence,
some of them are not connected to any data logging devices except for the power
controllers.

Around 130 thermocouples are distributed at 25 horizontal planes of the test
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section. The axial locations of them (and Chen-type void probes) are noted in
Fig. 10 by the horizontal plane names labeled in alphabetical order. The top
views of their locations at A though Y planes are illustrated in Fig. 11(a)
thgough Fig. 11(i), where the definitions of sensor marks and the detailed views
of their attachments are shown in Fig. 12. The number of sensors at every planes
is summarized in Table 7. About 30 thermocouples are embedded in the pin
claddings to measure the pin surface temperatures. Sodium temperatures are
observed by about 100 thermocouples located at the subchannel centers. In the
sensor allocation scheme, emphasis lies in obtaining the axial growth of boiling
region during the experiment at the upper region of the heated section. 1In
addition, the thermocouples at M plane are attached so as to measure the radial
temperature distribution at the upper end of the heated section.

The ocutlet thermocouple T-004 whose diameter is 4.8 mm is inserted through
the pressure guide tube of P-109 at a plane 50 mm downstream from the bundle exit
(EL-7560 mm, z = 917 mm). It is illustrated in Fig. 8. Three thermocouples of
0.3 mm in diameters are fastened on the sheath of T-004 in a manner that the
hot junctions are located at an upstream plane by 1 mm from the T-004 surface.
So, the precise elevations of T-004 and the fine thermocouples T-014, T+024 and
T~034 in order from the center zone to the outer zone differs by 3.4 mm.

There are 19 Chen—type void probes in the bundle. They also serve as spacer
wires. The sensitive part against void attack (top end of the probe) is lifted
up by around 1.3 wmm to catch the flowing bubbles (see Fig. 12). The void attack
can be detected by an on/off singnal superposed on a temperature drift component.
From this signal, the time averaged void fraction can be estimated roughly as
shown in Appendix C.

There are about 20 pairs of void taps on the wrapper tube surfaces. The
layout of them is illustrated in Fig. 10. One pair is made of two taps located
at 0° and 180° directions (the definition of the angle is shown in the same
figure). To measure the axial voltage drop between two tap—planes, a constant
electrical current of about 45 A is supplied between two electrods located at
the 50 mm upstream and downstream planes from the first and last planes for tap
mounting, respectively. After completing the experiments, the time series data
of the voltage drops between arbitrary two pairs of void taps are analyzed to
yield qualitative data of volume averaged void fractions between two planes
distinguished by the void taps.

The pin power can be supplied by two DC power supplies. They are
customarily called as the SBL and FPL power supplies. The heat flux of the
heater pin 1s estimated from the readings of the voltage and current meters of
the power supply, whose accuracies are around *1 %Z. The time series signal of
the current meter is available. It gives the timing sequence of power changes.
The transient change of temperatures forced the pin power to fall gradually
keeping with the increasing electrical resistance of the heater element (tantal),
viz. the power supplies used were of voltage stabilization type. The actual pin
power shape can be estimated by the empirical method shown in Appendix D. 1In
general, the axial power shape becomes a trapezoidal form whose maximum point is
located at the top end of the heated section. The transient change of radial-
power shape was not known precisely, because the electrical current fed to each
pin was not measured. The uniform profile of the radial power shape is assumed
in the present study.
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2.5 Data acquisition

A grobal view of the SIENA data acquisition system is shown in Fig. 13.
Around 200 signals are gathered from the SIENA facility and the 37G test sectiom
by case-by-case manners. Some of them required for the plant operation are
directly connected to the wide-use pen recorders, indicators and micellaneous
plant control devices.

As a main force of the data acquisition system, a digital data logger, the
HP-2116C computer system, is used. As shown in Fig. 14, the HP-2116C system 1is
made of double multiplexers, a 12-bit AD converter, a mini-computer HP-2116C, and
an MT device. The signals of 128 channels are chosen from the hoard of (128 + 6)
inputs. The gain of each channel is separately fixed by a data logging program.
The recording density of the produced MT is 800 bpi at first. Then the data set
is condensed into a 1600 bpi MT by the other computer system (FACOM M-190/200)
together with the file and sensor information required for the data reproduction.

The other devices, such as the YODAC, pen recorders and so on, back up
mainly the insufficient capability of the channel numbers of HP-2116C system.
Among all, the YODAC, a low-speed multi-channel digital data sampler and printer,
play an important role in obtaining the sensor Iinformation required for the
reduction of the HP-2116C data, viz. the gain accuracies and offset values of
flow and temperature signals are carefully checked with the YODAC calibration
data to recover the grade of the measured data by the HP-2116C system even if
the measurement circuits fall in mismatching situations by a certain bad device
coupled in the signal branch network. The sensor selection scheme of the
HP~2116C system is, in general, modified prior to each SIENA operation, where
the serial STENA operation number in which the present experiments are included
are 139 through 146. An example of the list of the selected signals and their
information is shown in Table 8. Only the monitor recorders mounted on the
control pannels of the SIENA facility have fixed signal wirings.

The timing sequence of the data loggings is shown in Fig. 15. The monitor
recorders are continuously running during the SIENA operation. YODAC samples
the initial data only once before starting the HP-2116C system and performing
the test.

2.6 Accuracies of the data

F-103 has been treated as a standard flow-meter. The unit conversion factor
and the gain accuracy of F-103 are evaluated as 7.843E+2 (m/s)/(V) and *0.002
m/s, respectively. The other flow-meters were calibrated by the relative check
method: The output signals from F-101, F-106 and F-107 were compared with that
from F~103 under single~phase flow condition to obtain the sensitivity curves
against flow rate. The results are shown in Appendix E. It should be noted that
the accuracies of F-106 and F-107 are not high enough to give quantitative results.

The pressure sensors can give plausible signals of the transient changes of
static pressures. However, their base values upon which any spikes are '
superposed are sometimes unreliable because of the highly sensitive drifts by
the inevitable temperature changes around the sensors. All of the in~bundle
pressure sensors were, therefore, calibrated against the P-201 signals using the
data of sequential pressure reduction runs as shown in Appendix E, where the
accuracy of P-201 is evaluated as #0.001 MPa. After fixing the gains of every
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sensors, their offsets were estimated by the head calculation method, i.e.
certain constant values were canceled out from the measured data so that the
reference data obtained prior to the experiments under stagnated flow condition
became in agreement with the calculated static heads at the sensor elevations.
Naturally, this calculation may introduce small errors which are partly ascribed
to the calculation errors of the reference static heads and to the inconsistency
between the temperature fields attained during the calibration runs and the
experimental runs. The maximum errors of P-103, P-108 and P-110 are evaluated
as *0.005 MPa. However, the outlet pressures P-109 and P-111 have unacceptable
large errors caused by the temperature drifec.

Most of the thermocouples are 0.3 mm in sheathed outer diameters. Their
source impedances are very high (for instance, the DC resistance is around 1.7
k® at 900 °C level). Therefore, some confidential signal conditioners should
be required to keep the thermocouples away from possible mismatchings with the
HP-2116C system and the other devices having not so high input impedances. The
thermocouple leads were, however, connected to plural devices without signal
isolations until the 142th SIENA operation. An active circuit for a burn—out
detection of heater pin fed small drain current to the thermocouple counnected.
The resultant voltage drop and imposed offset introduced large error for the
data logging. In addition, the temperature measurement circuits had no devices
to fix the cold-junctions of the thermocouples to be zero degree C, i.e. the
HP-2116C system measured only the temperature difference between the truth and a
certain cold-junction temperature.

Besides these insufficiencies in constructing the instrumentation system,
the quality of the thermocouple fabrication becomes in question, because the
thermocouples equipped are of 0.75 % class (maximum error of #7.5 °C at 1000 °C
level) and sometimes deteriorate under heavy utilization beyond allowable
temperature range of about 600 °C. The integrities of the thermocouples were
examined roughly by drawing the multi-channel signal traces and by finding the
anomalous behavior of the failed thermocouples. When the faliled thermocouples
were identified by this work, subsequent data measured without noticing the
deteriorations were made unavailabe by forcing the unit conversion factors of
the failed thermmocouples to be zero.

To solve these problems in temperature measurement, the calibration was
conducted by fixing T-003 as the standard thermocouple and the others in the
test section were treated as the thermocouples being tested. From the fitting
equation of the data of tested thermocouple against those of the standard
thermocouple, we can estimate both the degree of global mismatching and the
over—all offset unique to each thermocouple tested. The results of the
calibration are summarized in Appendix E. The calibration work revieled that
the standard deviation of the calibration data from the fitting line was very
small (2 °C, for instance) for many thermocouples. Only small numbers of
thermocouples connected to many devices at once yielded scatterings of data
points around the fitting lines. The corresponding maximum error is about 5
°C. The error of the common offset corresponding to the cold-junction
temperature was not so precisely evaluated, because the practical utilization of
the calibration results to the data reproduction was expected to suffice a
requirement of accuracy enough to analyze the boiling data from the engineering
standpoints.
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2.7 OQperation record

Prior to the 139th STENA operation, the 37G test section was installed on
the attachment ports of T-3 test section, and was detached after terminating the
146th operation. The low-heat-flux boiling experiments were carried out at the
139th through 145th operations. The single-phase flow tests and the LOF boiling

tests were also conducted during the 139th through 141th operations and 145th
through 146th operations, respectively, while they are not examined in the
present study.
shown in detail in Appendix F.

The record of each operation is summarized as follows and is

139th operation: * Single-phase flow runs
{Nov. 20 to Run 37(37)H-260-10
Nov. 22, 1979) through Run 37(37)H~100~20 «es 15 cases
Run 37(37)HA-100-25-A
through Run 37(37)HA-50-25-A .+~» 6 cases
* Low-heat-flux boiling runs
Run 37(37)LHF-200 through Run 37(37)LHF-203 ++ 4 cases
140th operation: ° Single-phase flow runs
(Dec. 4 to Run 37(37)HA-260-25-A
Dec. 6, 1979) through Run 37(37)HA-260-25-C . 3 cases
Run 37(37)H-260-40
' through Run 37(37)H~260-50 «.. 8 cases
Run 37(37)HA-150~-25-A
through Run 37(37)HA-260-35-C ... 21 cases
Low-heat-flux boiling runs
Run 37(37)LHF-210 through Run 37(37)LHF-219 «ss 10 cases
1l41th operation: * Single-phase flow rums
(Jan. 16 to Run 37(37)HB-260-20
Jan. 18, 1980) through Run 37(37)HB-260-10 e« 24 cases
* Low—heat-flux bolling runs
Run 37(33)LHF-220 through Run 37(35)LHF-228 . 9 cases
142th operation: Low-heat-flux boiling runs
(Jan. 30 to Run 37(36)LHF-230 through Run 37(36)LHF-232 +e 3 cases
Feb. 1, 1980) Run 37(34)LHF~233 through Run 37(34)LHF-239 + 7 cases
143th operation Single-phase flow runs
(Feb. 26 to Run 37(33)NCT-1 and Run 37(33)NCT-2 ess 2 cases
Feb. 28, 1980) Low~heat-flux boiling rums
Run 37(33)LHF-240 through Run 37(33)LHF-248 «vs 9 cases
144th .operation Low-heat—flux boiling runs
(Mar. 17 to Run 37(29)LHF-250 through Run 37(29)LHF-253 e+« 4 cases
Mar. 19, 1980) Single-phase flow runs
Run 37(25)H-001 through Run 37(25)H-010 10 cases
Run 37(25)H~-101 through Run 37(25)H-103 «ss 3 cases
145th operation Low-heat-flux boiling runs
(4pr. 8 to Run 37(26)LHF-260 and Run 37(26)LHF-261 2 cases
Apr. 10, 1808) Run 37(24)LHF-262 . 1 case
Run 37(20)LHF-263 . 1 case
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* LOF boiling runs
Run 37(20)FC-102 through Run 37(20)FC-107 .+s 6 cases
Run 37(16)FC-108 and Run 37(16)FC-10% ... 2 cases

146th operation * LOF boiling rum
(May. 7 to Run 37(1l1)FC-111 ses 1 case
May. 8, 1980)

The low=heat-flux beoiling experiments were carried out sequentially by
changing the flow and pin power conditions in turn with an appropriate time
intervals required to attain steady conditions in every steps. The main line of
the loop was used with relatively high sodium temperature levels. After
observing sodium boiling, the power supplies were cut off by either a manual or
an auto-scram method to terminate each run. The total number of the 37G
low-heat-flux boiling runs is 50. Depressurization boiling runs were conducted
several times. The over-pressure of the cover gas volume of FPL was reduced by
combining the gas line with the gas surge volume in SBL which was preparatively
exhausted to nearly O MPa.

Earlier runs were conducted successfully under favorable condition where
all pins were integral. However, the electrical insulators of the heater pins
became deteriorated as the boiling runs were repeated many times. The failed
pins were discomnected from the power supplies to carry out the subsequent runs
with residual pins being heated. The change of the heating patterns of the 37G
bundle is shown in Fig. 16.
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Table 2. Summary of the test section geometries
Item 37G test | 37F test MONJU
unit section section assembly
Number of pins - 37 37 169
Diameter of pins mm 6.5 6.5 6.5
Pin piteh mm 7.9 7.9 7.87
Total length of pins mm 1749 1515 2818
Length of unheated entrance region mm 248 148 398
Heated length mm 450 450 930
Length of unheated downstream region| mm 849 715 1490
Heat flux W/emé | (max. 250) |(max. 250) [av. 101.9
max. 176.0
Heat flux profile -— (flat) (flat) {chopped-
cosine)
Material of cladding - SUs-316 SUs-316 SUs-316
Thickness of cladding mm 0.55 0.55 0.47
Diameter of wire spacer mm 1.3 1.3 1.32
Helical pitch of wire spacer mm 265 265 3067
Cross sectional flow area mm? 924 924 3636
Equivalent hydraulic diameter mm 3.43 3.43 3.22
Hexcan inner flat-to~-flat distance mm 50.4 50.4 104.6
Thickness of hexcan mm 10 10 3
Material of hexcan —— Inconel- Inconel-
600 600 S5Us-316
Gap between outermost pins and
inner wall of hexcan mm 1.43 1.43 1.34

Table 3.

Summary of the subchannel specifications

37G & 37F bundles

MONJU fuel assembly

Ttem
central| edge corner |central| edge |corner

Flow area without
spacer wire mm2 10.43 | 20.54 7.22 { 10.23 | 19.53 6.63
Cross section of
spacer wire mm? 1.33 1.37
Flow area mm< 9.77 | 19.88 7.00 9.55 | 18.85 6.40
(fraction of spacer wire) (1/2) (1/2) (1/6) [ (1/2) | (1/2) (1/6)
Wetted perimeter mm 12.25 | 20.15 9.51 | 12.28 | 20.15 9.39
(fraction of spacer wire) (L/2) | (/2) | (1/6) | (L/2) | (1/2) | (1/8)
Heated perimeter mm 10.21 | 10.21 3.40 | 10.21 | 10.21 3.40
Hydraulic diameter mm 3.19 3.95 2.94 3.11 3.74 2.73
Heated perimeter/flow area

mm~l | 1.05 | 0.51 | 0.49 | 1.07 | 0.5 | 0.53
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Table 4 Thermal properties of the insulator and structure materials
item makterial note
fine-flex 50
density sodiun 950.1 - 0.22976 T - 1.46E-5 T2 + 5.638E-9 T3
(kg/m3) SUS-316 7820
Inconel-600 8430
BN 1800 ~ 1870 (av. 1850)
fine-flex 0.051 + 0.00014 T
thermal sodium 93.979 — 3.25E-2(1.8T+32) + 3.619E-6(1.8T+32)2
conduc. SUS-316 16.25 at 100 °C, 21.44 at 500 °C
(W/m®C) Inconel-600 17.5 + 1.4876E-2 T + 6.12278-6 T2
BN 8.37 (£0.3) at 600 ~ 800 °C
‘ fine—-flex 0.84
specific sodium 1.256
heat SUsS-316 0.502
(kJ/kg°C) | Inconel-600 0.435 + 2.937E~4 T - 1.589E~7 T2
BN 1.85 at 727 °c, 2.10 at 1727 °C
Note: The properties of boron=-nitride (BN) are actually measured ones under
the same condition with that used in the heater pins.
Table 5 Specifications and locations of the flow-meters attached
to the SIENA facility
maximum location
name object flow rate
(1/min) component | EL (mm) note
F-101 | total 400 pump exit 4232 see Fig. 3
F-102 bypass 100 T-2 inlet 4737 see Fig. 4
F-103 | inlet 400 T=3 inlet 5875 see Fig. 3
F-106 | imnlet 400 T-3 inlet 5932 500 mm upstream from
the inlet plenum
"F-107 outlet 400 37G bundle| 7143 z = 500 mm
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Table 6 Specifications and locations of the pressure transducers
attached to the SIENA facility
span location
name object .
(kgf/cmlg) component | EL (mm) note
P-201 gas -1 to 2 ETK (9100)
P-103 | sodium -1 to 5 pump exit 4203 660 mm downstream
from the pump
P-106 sodium -1 to 9 T-3 inlet 5938 see Fig. 7, item [18}
P-108 sodium -1 to 13 | T-3 inlet 5938 see Fig. 7, item [18]
P-109 sodium =1 to 13 | 37G bundle| 7560 z = 917 mm
P-110 | sodium -1 to 6 37G bundle| 6118 Z2 = —-525 mm
P-111 sodium -1 to 6 37G bundle| 7410 z = 767 mm
Table 7 Summary of the locations and numbers of in-bundle sensors
plane thermocouple void
name z 8y | sodium pin wrapper probe
(mm) (deg) area surface tube
A -507.3 | 180 1 0 0 0
B -397.8 | 120 4 0 0 0
C -353.6 60 3 0 1 0
D -309.4 0 4 0 0 0
E -243.1 | 270 4 0 0 0
F -154.7 | 150 4 0 1 0
G -132.6 | 120 4 0 0 0
H -110.5 90 4 0 0. 0
I -88.4 60 4 0 0 0
J -66.3 30 4 0 0 0
X -44.2 0 4 1 0 3
L -22.1 { 330 4 1 0 4
M 0 300 4 31 1 4
N 22.1 | 270 4 1 0 4
0 44.2 | 240 4 0 0 4
P 66.3 | 210 4 0 0 0
qQ B8.4 180 4 0 0 0
R 110.5 | 150 4 0 0 0
S 132.6 | 120 4 0 0 0
T 154.7 90 4 0 0 0
U 176.8 60 4 0 0 0
Y 198.9 30 4 0 0 0
W 221.0 0 4 0 0 0
X 243.1 | 330 4 0 L 0
Y 839.8 | 240 2 0 0 0
total 94 34 4 19
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o

Fig. 3 Bird's-eye view of the main line of SIENA facility used

for the 37G experiments
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Lo

Fig. 4 Bird's-eye view of the bypass lines of SIENA facility
used for the 37G experiments
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Ttem Description No.| Material Note

1 | End plate 1| SUS 316 | %406.4, t=70
2 | Electrode box 1| SUS 204 | OD. $406.4, t=6
3 | Ceramic terminal 40 | AR203
4 | Flange 1| SUS 304 | 4540, t=15
5 | Cover plate 1 " 4540, t=20
6 | Maintenance cover 1 " $280, t=15
M - 7 |Helium gas nozzle 1 " 3/4B, 00, 4272, t=2.5
1 i 8 |compression fitting | 5 C
9 |Harmonica terminal 22 12p TH-212
N 10 |Electrode 74 Cu
(::)\\\\\\\\ 11| Lead wire 74 " 14 mm?
12 | Wrapper tube 1| Inconel | t=10
@ @ 13 | Heater pin 37 0B. 6.5
S 14 | Inlet plenun 1| sus 316
8 N | b s65 15 | Inlet nozzle 1 " 28, OD. $60.5, t=3.5
P 16 | Drain nozzle 1 » 3/88, 0D. 917.3, t=2
. 17 | Gas release nozzle 1 u #27, $6.5, ¢0.5 hole
EL }5945 18 [Pressure guide tube | 1 " 1/28, 0D, ¢21.7, t=2.5
\ 19 | Inlet thermocouple 1 $3.2 (7-003)
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o
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Fig. 7 Sketch of the lower structure of the 37G test section
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: Electromagnetic
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(temperature signal)
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: High-temperature
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: Heat flux
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: Pin power
(current signal)

: In-sodium sensor

: Qut-of-sodium
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Fig. 3 Plant instrumentation of the SIENA facility and the
external instrumentation of the 37CG test section
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Y Section (z=839.8mm)

Fig. 11 Locations of the thermocouples and Chen probes in the
37G test section (5)
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O Normal pin used for experiments
¢)) Unused pin due to its dielectric breakdown

@ Unused pin due to its melting or pair connection of
molten pin

{41th operation, 37(35)LHF-220
to 37(35)LHF-228

142th operation ,37(36)LHF-230 142th operation,37(34)LHF-233
to 37(36) LHF-232 . to 37(34)LHF-239

Fig. 16 Transition of the heating patterns of the 37G test pins (1)
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O Normal pin used for experiments

¢)) Unused pin due 1o its dielectric breakdown

@ Unused pin due to its melting or pair connection
of molien pin ‘

145th operation, 37(20)LHF-263
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Transition of the heating patterns of the 37G test pims (3)

Fig. 16
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O Normal pin used for experiments
@ Unused pin due to its dielectric breakdown

@ Unused pin due to its melting on pair connection of
molien pin

146th operation, 37(11)FC=-111 End status of all runs

Fig. 16 Transition of the heating patterns of the 37G test pins (4)
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3. EXPERIMENTAL RESULTS AND DISCUSSIONS

3.1 Typical runs

Run 37(37 )LHF-200

This is the first low-heat-flux boiling run conducted with the 37G test
section. Figure 17 show the result of this run, where the temperatures,
pressure, flow and power are traced to see the relations among them. The T-2
line (bypass line) was left open. The inlet valve was throttled, as a first
action into transient, from 100 % to 15 %, and then the pump power was gradually
decreased. The heat flux of the central 13 pins was adjusted to be 25 W/cm?2,
which is higher than that of peripheral 24 pins by about 25 %, to obtain the
radial convex temperature profile during this run. Confirming that the thermal-
hydraulic properties were all settled stationarily under the slightly subcooled
condition, the pump power was reduced stepwise to see incoherent sodium boiling
around the central region of the pin bundle. The subsequent increase of the
inlet flow due to the mixed-convection sodium bolling forced the imitial boiling
to terminate in about 30 s.

The pump power was reduced again to observe a little more intensified
boiling phenomenon under the same incoherent condition. The inlet flow began to
oscillate after attaining the second boiling condition. The flow signal became
quite similar to that observed at the 37F natural circulation boiling runs (the
characteristic points relevant to this boiling phenomenon will be described in
section 3.2). The experiment was terminated by increasing the pump power (inlet
flow)}.

- Run 37(37)LHF-201

A quite similar experiment to the last one was carried out as shown in
Fig. 18. The difference lies in the heating patterm: all pins were heated
uniformly to attain a wider boiling boundary toward peripheral direction than
the last case. Boiling was initiated like the earlier phase of the second
boiling step of the last case. The inlet flow oscillated as before. However,
the oscillation began to decay in keeping with the increasing mean inlet flow.
A new stage was reached naturally next to the decay of the oscillation, where
the boiling intensity became moderate suggesting the backing to the bubble flow
condition. Whether or not the special aspect like this depends on the difference
in the heating pattern is not known. Meanwhile, this case has been used for the
validation study of the REDNEC code at pNc(36) |

Run 37{35)LHF-220

Before conducting this run, the electrical insulation of the #206 pin was
broken to force the following 9 runs to be conducted with two pins (forming an
internal parallel wiring to a common pair of electrodes in the electrode box
shown in Fig. 7) being unheated, while one pin (#311) was made usable again
prior to the Run 37(36)LHF-230. In the following 9 runs, the heating pattern
was changed to obtain laterally skewed thermal field, i.e. the 12 pins located
at the 300° side of the bundle were over—heated by 17 % than the 13 pins located
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at the 120° side, and the residual 10 pins were heated to have an averaged heat
flux.

In this case, the sodium boiling was reached by the pressure reduction
method. The over-pressure of the cover gas volume of FPL was reduced stepwise
by opening for a short time the stop valve which combines FPL with the gas surge
volume of SBL exhausted to nearly 0 MPa beforehand. The experimental result is
shown in Fig. 19, indicating a quite different boiling behavior like a slow-
motion. The system pressure was decreased twice during the boiling phase. It
can be identified from the P-201 signal. At the midway of the first boiling
step, the inlet flow fell drastically once probably because the boiling region
extended toward the wrapper tube wall. After that, the pressure and the
saturated temperature oscillated slowly with quite resembled manner each other.

The second pressure reduction led to a fall of saruration temperature by
around 30 °C. It would be reasonable to consider that the boiling region
extended very widely up to the outlet piping section. The thermal-equilibrium
quality at the top of the heated section exceeds far beyond 1.0, when calculated
with the condition at the end of this run. An undoubted permanent dryout
(temperature excursion) was initiated at the wide region of the heated section
without any violent events. Monitoring such a temperature excursion, this run
was terminated by decreasing the pin power.

Run 37(36)LHF-231

The effort of the experiment was focused on obseving the dryout phenomena
in detail under the condition of uniform heating. Accordingly, the earlier
steps for increasing the boiling intensity were passed from one state to another
with short waiting time. The power increase method was adopted in such a hurried
approach until a certain vigorous boiling condition was reached, preparing for
the settled examination of the dryout phenomena. However, we had little knowledge
on the boiling behavior at a decay power level from which we can catch a sign of
- ending the power increase approach. This run was, therefore, terminated in the
midway of the power increase approach by the automatic power scram operated by
the temporary dryout. :

Figure 20 shows the test result. The inlet flow was maintained below 0.01
m/s on average. The power levels of higher than 8.78 W/cm2 brought about severe
thermal conditions where the exit quality exceeded beyond 1.0. Nevertheless,
the pin powers of less than 19.10 W/cm? were removed without the occurrence of
permanent dryout. It means that the concept based on the normal heat balance
within the heated section does not hold at all when the flow pattern is slug
flow like that attained in this run. Since the flow velocity was slow, the
temperature at the T-004 measurement point could not rise up to saturation point.
Therefore, it would be reasonable to comsider that the fairly subcooled liquid
column fell into the heated section and evaporated there to pump out the decay
heat repetitively. As the power was increased, the growing speed of the vapor
slug also increased to yield a more compressed slug just before it was ejected
upward together with the liquid columm located next to the slug. This phenomenon
can be seen from the diverging hights of the cyclic pressure pulses.

Run 37(34)LHF-234

When the Run 37(36)LHF-232 was finished, the electrical insulation of the
pair pins #413 & #414 (the peripheral pins!) was broken due to dryout. So, this
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run was conducted with the residual 34 pins being heated uniformly. The pin
power was increased up to 20 W/ cm? level, as shown in Fig. 21, and left intact
thereafter for about 6.5 min. until it was cut off by the automatic scram circuit
triggered by the dryout. Since the flow velocity was adjusted to a level little
higher than the previous runs, the upper part of the test section became covered
with the saturated sodium at an earlier power up steps. In this case, the flow
pattern changed from bubble flow to slug flow and further to annular flow, as

was usually found at the dryout runs of 37F experiments.

After going into the annular flow stage, the temporary dryouts were
frequently observed especially by the thermocouple T-4042M which was located at
the corner of the pin bundle, while the other parts were also dried to some
extent. The first temporary dryout looks having a different nature from the
residual ones succeeded a few minutes later: it appeared at the flow pattern
transition phase. 1t would be ascribed (from the knowledge of the 37F dryout
data) to a short term flow instability occasioned sometimes during the flow
stabilization process, and will be discussed again in sections 3.3 and 3.4. The
dryout quality at the end of this rum was 0.61l.

Run 37(34)LHF-235

The experimental result is shown in Fig. 22. This is one of the most
important runs attained with special effort: the dryout data was obtained under
the annular flow condition at decay power levels. The heat flux was maintained
at 12 W/ cm2 level. Then, the pump power was decreased three times, while the
flow reduction was not clearly observed except for the last time.

The flow pattern transition from slug flow to annular flow occurred when the
outlet thermocouple T-004 reached the saturation point. The first temporary
dryout lasted for about 5 to 10 s like that observed in Run 37(35)LHF-220. The
exit quality was 0.32 at this stage. The final pump operation led to a sudden
flow reduction by which a violent dryout was induced at the wide region of the
test section including the lower part of the heated section. The pin power was
decreased since it was very dangerous. The tentatively estimated quality from
the final step condition exceeded 2.0. However, this is a similar condition to
that attained in Run 37(36)LHF-231 at 12 W/em? power level, which was coolable
under the slug flow situation.

Run 37(34)LHF-239

The experimental result is shown in Fig. 23. This is one of the typical
runs which were terminated without observing the flow pattern transition from
slug flow to annular flow. The regular oscillation of the pressure signal was
observed. The peak value of the pressure pulse increased monotonously with
increasing pin power. Being synchronized with the pressure oscillation, the pin
surface temperatures oscillated also to reach a climax where the automatic scram
circuit of the power supply became in operation due to dryout.

At the earlier power step of 9.85 W/cmz, there appeared a special event that
the flow pattern was probably going to be changed once or twice from slug flow to
annular flow, viz. the pressure oscillation had a tendency of damping a little.
However, such a tendency was broken soon by a certain unspecified reason and led
to a disconnected pressure perturbation which was switched to a diverging
pressure oscillation. The averaged exit quality at this setp was 0.22. It was
very low, yet the temporary dryout began to be seen after this special event.
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Residual runs

There are many interesting runs which are not shown here. The time series
data of these runs are compiled in Appendix G.

3.2 Buoyancy controlled boiling behavior

The temperature and flow signals measured during the slug flow stage of
Run 37(37)LHF-200, for instance, enable us to understand the bucyancy controlled
characteristic behavior of the flowing vapor slug (since the 37G data were not
rearranged into an appropriate form for the interpretation, the similar result
of Run 37(36)LHF-123, i.e. the 37F series run, shown in Fig. 24 is used for
discussions below).

Figure 24 shows the relation between the transient movement of boiling
boundary at a specified horizontal plane near the top of the heated section and
the transient behavior of the inlet flow oscillation. The void expansion phase
and the void contraction/streaming phase are examined in detail of which the one
cycle of the oscillatory boiling is composed. The event sequence can be broken
down as follows:

(1) Flow stagnation

(2) 1Intensive vapor generation vielding rapid and almost isotropic void
expansion

(3) Increase of natural ecirculation (mixed convection) flow

(4) Slow contraction of the void due to promoted convective heat transfer

(5) Slow streaming of the void to meet with an effectively cooled condition due

' to heat sink

(6) Vigorous vapor condensation yielding rapid void contraction and re-entry of
the liquid column

(7) Flow oscillation with the mean flow being kept around a small positive value

These events seem to be repeated for a long time until the strong heat sink
disappears from the test section.

For the dynamic movements of the vapor slug in the test section and the
liquid columns located at the upper and lower positions of the test section, the
flow inertia and the pressure drop characteristics of the loop play very
important role. Nevertheless, the effects of the heat generation and heat sink
are most important at an early stage of the slug flow, because the required time
for a vapor slug to reach the effectively cooled condition, i.e. the inverse of
the frequency of thermal-hydraulic oscillation, is thought to be dominated by
these parameters. The oscillation frequency becomes constant, on the contrary,
under the condition of loss of strong heat sink at the wide part of the test
section. The constant value would be specified then by the loop characteristics.
The detailed analysis of the results of depressurization boiling runs, the Run
37(35)LHF-220 for instance, would lead to a better understanding on this point.

3.3 Flow pattern transition
An accurate assessment of the flow regimes under given power and flow

conditions is very important because the heat removal capability depends strongly
on the flow pattern attained. As was suggested in the model of the buoyancy
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controlled heat transfer, the heat transport is promoted in the case of slug flow
comparing that in the case of annular flow by the factors: (1) the slug fiow
leads to the entraimment enriched condition owing to the repetitive turbulences
of the liquid film around the pin surfaces; (2) the extra convective cooling is
expected by the re-entering liquid column and by its evaporationm both of which
are synchronized with the oscillative behavior of the boiling boundary.

Using the limited mumbers of the operational data of those runs which were
terminated after observing all patterns of bubble flow, slug flow, annular flow
and dryout, the flow regime map was drawn. The result is shown in Fig. 25,
where the inlet flow wvelocity at the bundle section and the total pin power are
taken for horizontal and vertical axes, respectively, and the operational
conditions reached at every boiling steps are plotted with several symbols
defined to identify the observed flow patterns. The dash line connecting each
symbol means the history of the operational steps of each run. The data from
the 37F series runs are also added together with the data from the present
experiments. The identification to each flow regime is based on the following:

(1) The transition from single—phase flow to bubble flow is identified by the
appearance of irregular fluctuations in the measured pressure signals, and
by the attaimment of the saturation point in a certain temperature signal.

(2) The transition from bubble flow to slug flow is identified by the onset of
the regular and cyclic oscillations in the pressure, flow and temperature
signals, and by the appearance of the characteristic behavior that the
temperature at the non-beoiling region decreases to a certain extent during
the flow pattern tramsition because of the promoted heat removal capability.

{(3) The annular flow is easily distinguished by the decay of the oscillatory
boiling to yield a stabilized and quiescent boiling. All kinds of signals
become undisturbed like those at the single-phase flow. However, this
transition sometimes takes long time until the developed annular flow
condition is reached. Accordingly, for those steps whose operatlonal
conditions are changed in the midway of the slow transient, a new category
"transition” is used for the flow pattern identification.

(4) The dryout, which is equivalent to the transition from annular flow to mist
flow in the present case (see Appendix A and the discussions in section
3.4), is identified by the sudden temperature excursion beyond saturation
point due to the inferior heat removal performance of the mist flow. Only
when the automatic power scram circuit was triggered by the instant
temperature rise up to 1000 °C, such a dryout was categolized into the
permanent dryout, while the other cases were into the temporary dryout.

In Fig. 25, the flow regimes at the decay power levels (2 to 7 % rated
powers of the full power of 580 kW) are not so definitely categolized, viz. the
lower flow and lower power side of the figure was overlaid with various symbols.
However, we shall note that there are many unplotted data at the region in
question whose runs were terminated without observing the transition from slug
flow to annular flow like the Runs 37(36)LHF-231 and 37(34)LHF-239. With the
help of further investigation, the operational data and related information
(the estimated exit quality, boiling onset point, and the observed flow pattern)
of all dryout runs are summarized in Table 8 including those of 37F experiments.
Here, the exit quality and the boiling onset point are estimated by the following
bundle-averaged heat balance equations:

0.2388 Qp/UyApL
QT - QnB

Xexit
Qg
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QNB = 4-]:87 (Tsat - Tin) UOADCP
Qr = 8¢’
zg = 450 (Quyp/Qr - 1)

and the simplified equations of the sodium properties:

3571.64 T, -0.1991
= 950.1 - 099976 T - 1.46E-5 T2 + 5. 62-9 T3
- (Tln + Tsat)/2

L

(=}
|

where,

.

flow area = 9.24E-4 [m2]
heated surface area [m2]
heat flux [kW/m2]

inlet flow veloc1ty [m/s]
density [kg/m3]

latent heat [kcal/kg]
specific heat = 0.3 [kecal/kg°C]
heat [kW]

axial distance [mm]

: temperature [°C]
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Judging from the data shown in Table 8, an intuitive conclusion may be reached
that the flow pattern at the decay power levels is more likely to be slug flow
rather than the annular flow. At least from the data of depressurization boiling
runs, i.e. Runs 37(35)LHF-220 and 37(33)LHF-241 through 243, one can point out
that the flow pattern is influenced by the pressure field and that the annular
flow is reproduced easily under low pressure conditions.

The reason why the flow pattern transits from slug flow to annular flow has
been considered within the frame of the stability problem of the large vapor slug
generated within the pin bundle under low flow condition{2). For both cases of
slug and annular flows, the large voided core (vapor slug) in the pin bundle
illustrated in Fig. 26 chokes major parts of the flow passages. The upper liquid
column looks to be supported by the pressure of the voided core and the entering
fluid at the inlet. It would be needless to say that the system like this is
essentially unstable, especlally when the inlet flow is very low to make
effective the void surfacing force due to its buoyancy. In consequence, the
stable annular flow would be allowable only under a certain restricted condition
in the case of low flow.

From the scenario of the natural circulation boiling shown in section 3.2,
one can understand that the important thermal-hydraulic factor to keep the
two-phase flow within the slug flow regime is the presence of the axial distance
between two regions: one is the heated region and another is the effectively
cooled region. The void moved one-way only between these two regions.
Meanwhile, a larger vold can be created by a certain operational method which
can connect these two regions directly by itself even if it does not stream like
the flowing slug. At such a situation, and if the pressure field allows the
large void to stay quiescently, it can be said that all conditions are sufficed
and the flow pattern changes to the annular flow. From this sense, 1t would be
reasonable to say that the key thermal-hydraulic properties for the void
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stabilization would be heat generation within the void, heat sink (subcooling)
of the surrounding sodium, and the pressure profile around the slug. When these
parameters does not suffice the stationary heat and mass balance of the voided
core, the slug would fall into oscillation to satisfy it on average. This is
the similar idea to that introduced in the discugsions of the stabilization of a
single void trapped behind the planar blockage(37). '

The present experiments apparently show that the flow pattern easily becomes
stable (anmular flow) under the condition of smaller mismatching of power to flow
ratio when the flow rate is relatively high. The outlet sodium temperature is
close to the saturation point at that stage. On the contrary, it does not rise
to such a high temperature condition when the flow rate is low and the boiling
pattern is oscillatory. Therefore, the reason why the annular flow is reached
during the depressurization boiling runs even when the flow is very low may be
ascribed to the non-existance of the strong heat sink at the upper unheated
section of the pin bundle. In any way, the quantitative interpretation of the
flow pattern transition problem is beyond the capability of the present study.

3.4 Annular-flow dryout model

The above discussions suggest that the instantaneous picture of the large
vapor slug does not differ each other. without regard to whether the flow pattern
is slug flow or annular flow. The main carrier of the generated heat at the
heated section would be entrained droplets. The mass balance of the liquid film
would be also maintained through entraimment generation and deposition. This
model is extensively analized for the usually working fluid as summarized in
Appendix A and in the paper by Andreussi(38), for example. The situation is
basically identical to the present sodium case. This model inevitably leads
to the understanding that the dryout 1s equivalent to the transition of flow
pattern from annular flow to mist flow, i.e. the enthalpy burn-out or the
high-quality dryout. Therefore, a prediction of such a dryout should be based
- on the criteria tightly related to the enthalpy balance of the two—phase flow.

All of the anmular-flow dryout data are correlated in Fig. 27 from the
standpoint of using the thermal-equilibrium exit quality for the dryout
prediction. The inlet flow velocity or the pin power is taken as the horizontal
axis to see its possible relation with the dryout quality. As is implied from
the high—-quality dryout hypothesis (see Appendix A), the dryout quality does not
depend directly on the pin power. Therefore, it would be logical to conclude
that the local nonuniform power shape brings about no influence on the dryout
quality. However, there still remains a possibility that the inlet flow velocity
might be an influential parameter to the dryout quality. The experimental data
is so densely gathered within the low flow region that it would be impossible to
draw a definite conclusion on this point. From the present knowlege, it looks
appropriate to recognize that the annular flow dryout would be predictable by a
criterion which is expressed by Xayit = 0.5 on average for the power and flow
ranges of interest. We shall note that the correlation Xgyiy = 0.5 is not
necessarily a universal one for all bundles having different geometrical
configulations, but might be a restricted one for the present experimental
conditions.

A detailed look at the Fig. 27 indicates that there are excpetional cases

of dryout conditions. There are a lot of temporary dryout data which are located
around the flow pattern transition curve from slug flow to annular flow. The
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dryout of this kind is induced by the short term flow instability occasioned
during the flow stabilization process to the annular flow(2). However, the
temperature excursion resulted from this flow instability seems to be limited to
low unless the exit quality does exceed the critical value of 0.5, while the
short term flow instability occasioned under the condition of exit quiality being
greater than 0.5 often leads to the onset of permanent dryout. In consequence,
the high—quality dryout induced by the flow instability need not be distinguished
from the annular flow dryout which appears under constant flow conditions.

3.5 Radial incoherency of dryout

At the stage where the exit quality is close to the critical value, almost
all parts of the top plane of the heated section are highly dried to yield
irregular temperature rises and falls over the saturated temperature level.
However, the radial distribution of the excess temperature over saturation point
does not remain constant during the dried time interval. In the case of the
final step of Run 37(34)LHF-235, the dryout was initiated at the central region
at the time 12.5 s before power scram, and the peak temperature increased
monotonously for about 4.3 s to reach up to about 970 °C, with the dried region
being expanded toward outer pin rings. The partial cooling of the central region
and the further over-heating of the outer region occurred thereafter until the
power scram was triggered. The most dried point was located around the pins
three to five subchannel distance apart from the bundle center.

There was a tendency that the peripheral pins were damaged at the earlier
operations than the central pins (see Fig. 16). It seems difficult to interpret
this experimental fact in terms of local pin twist alome. These phenomena suggest
the importance of the distribution and redistribution of entrained droplets for
the prediction of dryout in a different bundle.

3.6 Post-dryout cooling

The examination of the heat transfer performance under the mist flow
condition is also very important. The heat transfer coefficient becomes very low
of course comparing that at the annular flow. The qualitative formulation cannot
be obtained on this subject at present, while the effort will be directed to see
how is the post-dryout cooling in the forthcoming study.
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Table 8 Summary of the average exit quality and the boiling inception peints
estimated under steady heat balance assumption

Run No. Qr Uo Tin Tsat | Xexit ZB Flow Dryout
(kW) (m/s) (°c) | (°C) {-) {mm) pattern pattern
37(36)LHF-116 32.89 | 0.054 | 430.0 920 | 0.057 | -117.9 | NB
37.78 0.034 0.236 ~268.0 { bubble
40.25 | 0.100 -0.017 | === slug
49.97 | 0.109 0.003 | - 9.1 "
58.49 | 0.036 0.419 | -325.5 "
67.25 | 0.096 T 0.090 | -161.4 " temporary
72.74 0.069 0.216 -258.2 " "
81.89 | 0.138 0.051 | -109.2 | transit.
-117 40.91 | G.069 | 394.8 942 | 0.032 | -~ 68.5 | slug
50.11 | 0.076 0.056 | -106.9 " temporary
56.91 0.042 0.304 -283.0 " "
64.33 | 0.076 0.123 | -182.7 " "
71.79 | 0.094 0.093 | -153.7 " "
. 81.95 | 0.073 0.221 | =248.4 | transit. "
=120 43.30 | 0.081 | 395.4 922 | 0.017 | - 41.5 | NB
49.45 | 0.045 0.218 | -251.3 | bubble
56.55 | 0.101 | 0.026 | - 59.9 | slug
72.46 | 0.144 0.006 | - 15.9 "
86.98 | 0.137 0.053 | ~106.0 "
98.83 | 0.138 0.082 1 -145.0 " temporary
113.73 | 0.139 0.118 | =183.1 | transit.
-121 65.10 | 0.119 | 385.7 922 | 0.018 | - 42.9 | NB
73.17 | 0.145 0.003 | = 8.6 | bubble
86.45 | 0.104 0.119 | -182.0 | slug
99.90 | 0.146 0.067 | -124.5 "
110.96 | 0.160 . 0.070 | -128.8 | transit.| temporary
129.07 | 0.182 0.076 | =135.9 | annular
144.98 | 0.121 0.249 | -264.1 "
153.82 | 0.063 0.690 | -358.8 " temporary _
-122 91.82 | 0.169 | 381.2 924 | 0.015 [ - 34.8 | NB
101.50 | 0.178 0.024 | — 54.5 | bubble
115.34 | 0.192 0.035 | -= 74.6 | slug
129.02 0.184 0.071 -128.4 "
140.25 | 0.098 0.329 | -292.4 | transit.
150.50 | 0.058 0.742 | —-363.1 | annular | temporary
=123 | 104.00 | 0.205 | 369.9 921 |[-0.001 -— NB
113.37 | 0.226 -0.003 —— bubble/NB
131.10 | 0.233 0.019 | - 42.2 | bubble
146.74 | 0.262 0.018 | - 40.3 | slug
161.94 | 0.234 0.064 | -118.4 "
171.60 | 0.078 0.597 | =345.7 [Pannular | permanent
37(34)LHF-124 19.12 | 0.039 | 454.1 920 | 0.023 | - 58.5 | NB
21.55 0.038 0.050 -111.7 bubble
29.14 | 0.032 0.173 | -239.3 "
37.15 | 0.043 0.157 | -227.8 |~ "
48.34 | 0.083 0.056 | -120.4 | slug
61.29 | 0.069 0.165 | =234.0 "
72.81 | 0.060 0.282 | -291.8 * temporary
86.93 | 0.080 0.236 | -273.4 | transit. "
106.57 | 0.075 _ 0.356 | -314.9 | annular
122.83 | 0.058 0.605 | -359.4 ™ permanent
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Table 8 {continued)
Run No. Qr Ug Tin Tsat | Xexit Zp Flow Dryout
(kW) {m/s) {°C) {°c) (=) (mm) pattern pattern
37(34)LUF-125 39.60 | 0.072 | 362.7 922 | 0.012 | - 26.0 | NB
43.16 | 0.075 0.020 | ~ 44.8 | bubble
56.24 | 0.069 0.105 | -164.0 "
65.48 | 0.116 0.016 | - 37.1 | slug temporary
82.28 | 0.124 0.051 | ~ 98.6 " "
97.94 | 0.097 0.174 | -219.2 " "
110.00 0.112 0.164 -212.7 transit. "
128.30 | 0.096 0.289 | -275.6 | annular
149.84 | 0.059 ‘ 0.714 | -358.2 " permanent
37(35)LHF-220 15.46 | 0.067 | 440.8 810 {-0.039 - NB
12.80 | 0.012 " 0.247 | -305.0 | annular
11.29 | 0.002 808 1.813 | =422.7 " permanent
37(36)LHF-230 7.20 | 0.016 | 410.5 918 |-0.006 — NB
9.65 " 0.049 | -102.0 | bubble
13.10 | 0.012 0.222 | -257.5 v
16.38 " 0.319 | -296.0 | slug
19.63 " 0.415 | -321.5 "
23.19 | 0.008 0.863 | -377.5 "
26.39 " 1.006 | -386.3 "
29.57 | 0.009 1.001 | =386.1 " temporary
33.06 | 0.007 1.510 | ~405.5 " "
34.92 | 0.009 1.212 | -395.9 " "
36.40 | 0.008 1.449 | -403.8 " "
39.77 | 0.007 1.851 | -413.0 " "
41.12 | 0.009 1.456 | -404.0 " "
44.70 | 0.007 2.099 | -417.1 i "
=231 10.06 | 0.006 | 409.5 912 | 0.430 | -325.7 | NB
12.99 | 0.008 0.412 | -321.8 | bubble
19.20 " 0.686 | -363.2 Y
22.65 " 0.839 | -376.5 "
29.06 | 0.007 1.306 | -399.8 | slug.
32.88 | 0.006 1.777 | -412.0 " temporary
36.11 | 0.005 2.395 | =421.2 " "
39.31 " 2.620 | =423.5 N "
43.33 " 2.906 | -426.0 " "
45.87 " 3.087 | -427.3 " "
49.71 | 0.004 4.239 | -433.2 " "
52.63 " 4.497 | -434.2 " "
57.71 " 4.948 | ~435.6 " "
63.18 " 5.431 | -436.8 " "
69.20 | 0.003 8.007 | -441.0 " "
-232 9.18 | 0.016 | 456.7 911 | 0.057 | =124.7 | bubble
12.76 | 0.015 0.155 | =230.4 |, "
17.69 | 0.011 0.426 | -333.8 "
22.73 | 0.010 0.662 | -367.7 | slug
29.16 | 0.007 1.338 | ~405.1 "
35.92 | 0.008 1.453 | ~408.4 " temporary
43.08 " 1.772 | -415.3 " "
45.16 | 0.009 1.641 | -412.7 " "
49.64 | 0.007 2.382 | -423.6 " "
53.93 | 0.005 3.698 | -432.7 " "
62.08 | 0.008 2.620 | -425.9 " "
66.10 | 0.011 1.996 | -418.9 " ™
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Table 8 (continued)

Run No. Qr Uo Tin Tgat | Xexit ZR Flow Dryout
(kW) (m/s) {°c) | (°c) (=) {(mm) pattern pattern
37(34)LHF-233 18.71 | 0.050 1| 462.5 918 |-0.015 —_— NB
24.67 | 0.048 0.035 | — 86.2 | bubble
27.59 | 0.046 0.066 | -138.1 "
30.77 | 0.048 0.081 [ -158.2 | slug
37.13 0.056 0.088 -167.7 "
46.18 | 0.055 0.152 | =227.2 "
54.73 | 0.050 0.243 | =279.1 "
61.70 | 0.055 ' 0.253 | -283.2 | tramsit.
69.08 | 0.059 0.270 | -290.2 | annular
77.58 " 0.322 | -307.7 "
83.88 | 0.055 0.397 | -327.3 " temporary
92.57 | 0.050 0.514 | =349.0 " permanent
(102.30)|(0.048) (0.614}1(-362.2)|( " )| {(permanent)
=234 17.96 | 0.035 | 460.6 917 | 0.034 | - 84.6 | NB
24.99 | 0.039 0.080 | -157.4 | bubble
30.38 | 0.040 0.123 | -203.2 slug
36.72 | 0.041 0.171 | -240.6 "
43.62 " 0.231 | -273.7 "
48.83 0.045 0.239 -277.2 "
55.43 " 0.291 | -297.7 "
61.34 | 0.029 _ 0.607 | -361.3 | annular | permanent
=235 12.58 | 0.034 | 456.6 915 |-0.017 - NB
19.27 | 0.035 0.047 | -107.7 | bubble
24.26 | 0.037 _ 0.085 | -162.6 "
29.82 | 0.038 0.131 | -209.9 | slug
36.75 | 0.040 0.178 | -244.7 "
37.46 | 0.037 0.212 | -263.8 "
36.79 | 0.025 0.376 | -321.8 "
36.65 | 0.028 ’ 0.318 | -306.0 | anmular | temporary
N 0.006 2.032 | -419.1 N permanent
=236 15.60 | 0.046 | 499.7 914 |-0.013 - NB .
18.25 | 0.044 0.014 | - 41.8 | bubble
21.51 | 0.038 0.068 | ~150.7 "
24.06 | 0.028 0.174 | -253.0-| slug
25.08 0.029 0.176 -254.3 "
24.56 | 0.028 ' 0.180 | -257.0 " temporary
24.15 | 0.027 0.186 | -260.7 " b
24 .40 | 0.026 0.202 | -269.6 " "
24.31 | 0.029 0.166 | -248.0 " "
28.01 | 0.031 0.190 | -262.7 " "
-237 14.00 | 0.031 | 459.9 915 | 0.013 | - 35.7 | NB
18.45 | 0.033 0.051 [ -115.1 { bubble
22.39 " 0.09% | -174.4 |, "
25.44 " 0.127 | -207.2 | slug
30.53 | 0.032 0.192 | -253.9 "
36.16 | 0.033 0.243 | =279.2 " temporary
37.33 | 0.029 0.312 | -304.7 ™ "
37.20 | 0.022 0.456 | -339.4 " "
37.06 | 0.017 0.630 | -364.2 " "
37.10 | 0.016 0.680 | -369.3 " "
36.82 " 0.674 | -368.7 " "
36.65 | 0.015 0.725 | -373.4 " "
" 0.012 0.943 | ~388.7 " "
40.65 " 1.062 | -394.8 " b
43.82 | 0.010 1.417 | -407.3 " "




PNC SN941 85-56

Table 8 (continued)

Run No. Qr Ug Tin Teat | Xexit ZB Flow Dryout
(kW) (m/s) {°C) | (°C) (-) {mm) pattern pattern
37(34)LHF-238 16.37 | 0.037 | 457.0 916 | 0.008 | - 23.44| bubble

19.60 " 0.039 - 93.51 "

27.69 | 0.041 0.091 { -170.5 "

33.77 | 0.040 : 0.151 | -226.5 slug

39.04 | 0.033 0.273 -290.5 "’

44.79 " 0.335 | =311.0 " temporary

52.66 | 0.039 ¢.332 =-310.2 transit. "

58.53 | 0.041 0.360 | ~317.8 | annular "

61.72 | 0.028 | - 0.638 | -364.4 " permanent

(65.40)[(0.026) (0.749) | (=375.0)|( " )¢ " )
-239 15.10 | 0.046 | 455.0 915 |-0.033 —_ NB

20.25 0.037 0.045 =104.2 bubble

24.62 | 0.033 0.116 -196.3 slug

30.78 | 0.030 0.216 | -265.5 | transit.| temporary

34.70 | 0.026 0.326 | -308.1 | slug "

37.84 " 0.369 | =320.0 b "

40.66 | 0.031 0.318 | -305.7 " "

46.72 0.031 0.388 | -324.4 " "

52.90 | 0.030 0.479 | =342.7 " "

59.10 | 0.033 0.490 | -344.4 " "

37(33)LHF=240 13.35 0.039 481.4 914 |-0.019 - bubble

20.19 0.030 0.100 -186.7 slug

27.38 | 0.025 0.251 | -288.2 "

29.90 | 0.023 0.325 | -313.6 "

29.75 | 0.016 0.525 | -354.7 "

29.60 | 0.012 0.743 | =378.1 " temporary

29.00 | 0.009 1.013 | =395.0 Y "
=241 9.16 0.031 | 456.1 809 (~0.011 - NB

17.73 | 0.032 . 0.078 -183.9 | bubble

25.66 | 0.028 0.202 ~289.0 | slug

35.17 0.026 0.352 =341.0 "

44.75 | 0.031 0.383 | —-347.8 | annular | temporary

44,00 | 0.021 0.606 | -379.6 " permanent
242 8.16 | 0.039 | 453.9 809 (-0.042 - | N8

17.53 0.033 0.069 -170.4 | bubble

25.82 | 0.008 0.994 | -404.0 | annular | permanent
~243 9.16 0.039 447 .6 809 [-0.035 —-— NB

14.52 0.018 0.161 | -262.6 | bubble

24.49 | 0.014 0.484 | -363.6 | annular | permanent
-244 13.00 | 0.039 | 463.2 915 {-0.028 -— . | NB

20.85 | 0.037 0.054 =120.8 | bubble

26.09 | 0.033 0.135 | -215.1 | slug

34.50 | 0.034 0.215 =267 .1 L "

37.28 | 0.031 0.282 | =295.6 "

35.56 | 0.024 0.382 -324.6 " temporary

35.23 | 0.022 0.425 | =334.0 " "

35.16 | 0.020 0.481 | ~344.4 | annular | permanent
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Table 8 (continued)
Run No. Qr Uy Tin | Tgar | Xexit Zg Flow Dryout
(kW) {m/s) (°C) | (°c) - (mm) pattern pattern
37(33)LHF-245 11.69 | 0.039 447 .7 915 |=0.045 ——— NB
19.231 0.033 0.055 | ~119.7 | bubble
30.16 | 0.032 0.184 | -245.9 "
38.54 " 0.277 | =290.2 | slug
48.70 | 0.038 0.305 | -299.8 . temporary
49.13 | 0.028 0.473 | -340.3 " "
48.01 | 0.0le6 0.918 | -385.9 " "
" 0.010 1.560 | -409.9 " "
47 .52 0.007 2.273 | =421.7 " "
47.93 0.005 3.265 | =429.9 " "
57.86 | 0.003 6.727 | =440.0 " "
247 16.48 | 0.023 | 444.4 915 | 0.102 | -179.6 | NB
20.22 § 0.020 0.207 -258.3 | bubble
27.65 | 0.018 0.39%4 -323.8 "
30.09 | 0.018 0.442 | -334.0 | slug temporary
29.80 | 0.008 1.173 | =397.9 " "
27.42 | 0.004 2.460 | =423.5 " "
27.69 [-0.001 " "
27.26 |-0.002 " "
=248 11.89 | 0.039 474 .0 916 |~0.035 ——— NB
23.61 | 0.036 0.091 | =173.7 | bubble
33.62 | 0.035 0.200 | -261.3 | slug
43.87 | 0.034 0.318 t -309.5 "
53.32 " 0.418 | -334.5 "
62.73 " 0.517 | =351.8 | annular
72.11 | 0.037 0.554 | =357.0 "
] 71.50 | 0.029 0.73% | -376.5 " permanent
37(29)LHEF-252 7.51 | 0.047 | 488.9 915 |-0.082 - NB
12.84 | 0.052 : -0.050 - bubble
19.14 0.050 -0.002 ——— "
24.74 | 0.054 0.025 | - 69.6 | slug,
30.18 0.042 0.119 -207.2 "
33.10 | 0.049 0.103 [ -191.8 ™ temporary
" 0.052 0.089 -176.0 " "
33.00 | 0.055 0.076 | ~159.3 " "
33.20 " 0.077 ~161.2 " "
33.10 | 0.057 0.069 -149.7 b "
" 0.059 0.062 | -139.2 " "
-253 7.99 0.008 | 416.0 915 | 0.192 -243.3 | NB
14.52 | 0.010 0.353 | -307.8 | bubble
19.78 | 0.009 0.617 | -356.0 | slug
24 .94 " 0.821 | -375.5 "
31.66 | 0.005 2.085 | -417.4 | " temporary
32.95 | 0.006 1.787 | =412.4 | " "
33.00 " 1.790 | ~412.5 " "
33.10 v 1.797 | -412.6 " "
37(26)LHF-261 9.14 | 0.009 | 479.6 915 | 0.222 | -274.3 | NB
18.24 | 0.010 0.512 ~352.2 slug
28.53 | 0.014 0.588 | =362.4 "
37.45 | 0.015 0.753 | -378.5 " temporary
38.37 " 0.775 | -380.2 N permanent
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Table 8 (continued)
Run No. Qr Uo Tin | Tgat | Xexit ZB Flow Dryout
(kW) {m/s) (°c) | (°C) {-) {mm) pattern pattern
37(24)LHF-262 7.69 | 0.014 | 429.9 915 0.037 | - 85.3 | NB
12.99 " 0.172 =234.1 | bubble
18.95 " 0.323 -302.0 "
25.06 | 0.015 0.436 | -330.1 | slug
29.79 | 0.014 0.599 | -355.9 "
Gas " 0.012 (0.725) [(=369.3) | annular
* 28.80 { 0.009 (0.980) |(-387.4) " temporary
" 28.36 | 0.004 (2.364) |(-421.7) " "
" 27.91 | 0.001 (9.770) | (-442.8) " permanent
37(20)LEF-263 20.88 0.019 390.2 915 0.217 -251.6 | NB
24,95 0.016 0.380 -310.2 | bubble
30.55 0.028 0.214 -250.2 slug
Gas 30.73 | 0.035 (0.139) {(-201.7) | annular
" 29.91 | 0.016 (0.508)|(-336.5) "
" 29.34 0.010 (0.886) [(~377.1) "
" 28.97 | 0.008 (1.125)(-390.5)|
" 28.52 | 0.005 (1.877)|(=412.4) " permanent
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4. CONCLUSIONS AND PROSPECTS FOR THE FUTURE

To examine the fundamental phenomena relevant to the low-heat-flux boiling
and to obtain the knowledge on the decay heat removal capability are the
objectives of the Decay Heat Sodium Boiling Test Program. The first item was
focused in the 37F series experiments which were conducted under natural
circulation condition. The second item was examined here with emphasis on the
quasi-steady-state low—heat-flux boiling experiments conducted under weak
forced convection condition using the SIENA facility and the 37G test section.
The general views of these experiments and the special aspects of individual
runs were examined based on the knowledges obtained from the 37F experiments.

Qur efforts were directed to the derivation of the dryout data by which we
can scope the critical condition of the decay heat removal. Dryout phenomena
were recorded during 24 runs. The brief summary of these data revealed that the
dryout conditions differed much depending on the two-phase flow pattern attained
at the boiling crisis. Therefore, the flow regimes were first categolized using
the map whose horizontal and vertical axes were flow rate and pin power,
respectively. The flow patterns were simply classified there into bubble flow,
slug flow, annular flow and dryout.

For the cases where the dryouts come into question, typical two flow
regimes were identified, i.e. slug flow and annular flow. They were essentially
equivalent to the unstable boliling and stable one, respectively. It was
reasonable to consider that the dryout with stable boiling correspondeds to the
transition from annular flow to mist flow. On the other hand, the dryout with
unstable flow pattern appeared at the slug flow stage or the transition stage
from slug flow to annular flow, where the brief dried condition was repetitively
observed at pin surfaces covered by the vapor slug. For both cases, the dryout
was ascribed to the lack of the deposition of entrained droplets which played an
important role for the heat removal capability.

It was shown that the stable boiling had a coolability margin smaller than
that of unstable boiling due to the shortage of the entrainment generation and to
the absence of the extra convective cooling by the falling liquid column. For
this case, a simplified dryout criterion was made available that the dryout would
appear in the situation where the exit quality exceeds 0.3 in a 37-pin bundle.

Besides the interpretation of the experimental results, the effects of
several key parameters on the dryout condition were studied using the available
data of both sodium and the other working fluids. This exercise revealed that a
prediction of dryout in terms of exit quality would hold in any case. This
concept was based on the enthalpy balance in which the total power per unit flow
area of a specified channel was a dominant parameter for the heat removal.

Hence, the flow channel having a longer axial heated length in 2 larger pin
bundle with smaller hydraulic diameter will eventually meet with severer
condition than that tested in the present study. The above initial conclusion
means that the effect of differing these parameters is well predictable in terms
of exit quality only, for which further parametric studies should be conducted.
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Appendix A: Literature Survey on the High—Quality Dryout in Water

The status of the studies of dryout im high-quality convection systems of
ordinary working fluid is reviewed to summarize the recent developments in this
area. From a considerable numbers of literatures on this subject, onlg limited
numbers of summary Eagers by Bergles(ll) Roko(lz) Leung( ), Kattol
Dwyer(z4 Akagawa and Hewitt(26) were chlefly reviewed in this study.

A.1 Burn-out and dryout

The temm "burn—out” 1s widely used to represent a sudden drop in boiling
heat transfer coefficient due to a change in heat transfer mechanism, as
indicated by an excursion of the heating surface temperature. The burn—out is
characterized by "annular flow"” and "lower critical heat flux". At a ecritieal
condition, the liquid film on the heated wall breaks down or is consumed for
evaporation. Most of the past studies highlighted the information on bura-out
in high~power system. The discussions on nueclear applications were, for
instance, directed to the "unprotected” accidents such as the loss of flow (LOF)
without scram accident and the transient over—power (TOP) accident. However,
recent progresses in the studies of nuclear reactor safety relevant to the
"protected” accidents, e.g. the loss of piping integrity (LOPI) accident and the
loss of shut-down heat removal system (LSHRS) accident, have made clear the
importance of the second less emphasized area.

A.2 General feature of heat transfer

The critical heat flux of burn—-out has been correlated to the local heat
transfer parameters having strong connections to heating surface conditions.
This "local conditions hypothesis" means the discomnection between burn—out and
two-phase flow regime. The situation is just in reversal for the high—-quality
dryout: the two-phase flow regime governs the phencmena.

As shown in Fig. A.l, the flow regime in a vertical evaporator channel
changes widely from liquid single-phase flow to vapor single-phase flow.
Depending on the transitions of flow regimes, specific parameters such as the
heat transfer coefficient, quality, coclant temperature and wall temperature
behave like those illustrated in Fig. A.1. The break down or disappearance of
the liquid film on the heating surface is a possible event for the annular and
annular-mist flow regimes, where the thin liquid film receives heat from wall
and evapolates from its surface to remove the added heat. Naturally, the
generated vapor streams toward the channel center to form a high—-speed vapor
core flow due to the abrupt volume change associated with the phase change.
When the vapor velocity exceeds a certain critical value, the shear stress acting
at the film surface forces the film to become wavy, i.e. the onset of film
instability. After that, the wave front i1s mechanically sheared off to form
fine liquid droplets in the vapor core, i.e. the entraimment generation. This
situation iz identical to the regime transition from annular flow to annular-
mist flow. 1In the annular-mist flow region, the entralned droplets can partly
deposit onto the film surface. However, the film thickness will be further
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reduced and will become zero at last.

Several appoaches have been taken to obtain further detailed information on
the heat transfer mechaism at the onset of dryout. Bergles et al. examined the
film thickness by the resistive probe method and related it to the quality and
the appearance of dryout. Bennet et al. measured the flow patterns by the X-ray
and drawn a flow regime map. Doroshchuk et al. correlated the appearance of
dryout with the measured quality. Hewitt et al. made an extensive examination
on the relations between multi-variables such as the film flow rate, heat
loading amount, film break point and appearance of dryout. Roko et al. also
examined the transition of flow regime. The results of these studies are
summarized in Fig. A.2 from the standpoint of correlating the onset of dryout
with the transition of flow regime from annular-mist flow to mist flow.

In Fig. A.2, the solid line represents the transition condition of flow
regime from anmular-mist flow to mist flow (disappearance of the liquid film)
drawn by Bennet et al., the broken line is an empirical formula by Doroshchuk
et al. expressing the relation between flow rate and dryout quality, and the
data shown by various symbols are the experimental results of the disappearance
of liquid film obtained by Bergles et al.. From these results, it seems
reasonable to correlate the onset of dryout with the disappearance of liquid
film. In addition, the argument of correlating it with the condition that the
film flow rate becomes zero is prevalent, on the basis of the experimental
results by Hewitt et al..

The liquid film flow rate is theoretically formulated by means of the mass
balance which takes into account the generation of liquid droplets, their
re-deposition and the evaporation of liquid film. The generation rate of
droplets E, is derived from the analysis of the stability of waves existing on
the film surface. The evaporation rate of liquid film Ey; is calculated by
dividing the heat loading rate by the latent heat of film evaporation. The
deposition rate of droplets Ej is obtained as a solusion of the turbulent
diffusion equation of free droplets, where the radial distribution of droplet
concentration and the diffusion coefficient of the free droplets are assumed, on
the basis of experimental data, as expressed by a certain function (the radial
distribution of the droplet concentration at the upstream region of the annular-
mist flow is a concaved one having a minimum concentration at the channel center,
while the minimum value tends to rise gradually as the coolant flows downstream).
The factor that the diffusion of droplets is not free but is directed opposite
to the evaporating vapor stream from the film surface toward the channel center
must be taken into account {the droplet deposition rate is thereby reduced from
that in the absence of vapor evaporation). It has been tried to formulate this
factor by introducing a hypothetical generation rate of droplets Ep into the
mass balance equation. The above discussion leads to the following expressions
for the balance equations of the mass flow rates of film flow Gy and entrainment
Gea

[

de/dz -7 (Eg — Eq + Ep, + Ey)

dGg /dz

m (Eg - Eq + Ep)

where, 7D means the heating surface length normal to the axis of the flow

channel. Figure A.3 illustrates the result of an example calculation conducted
by Yanai for the evaporation channel, i.e. the system having increasing quality
in the downstream axial direction, in which typical tendencies in variations of
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the entraimment generation rate, deposition rate, film flow rate and entraimment
flow rate in the core flow are clearly identified. In the cited case, dryout
appears at x = 0.62, The flow regime at the downstream region next to the dryout
point is a mist flow, where the total entrainment flow rate is formulated by

Ge = (1 - %) G, and decreases monotonously. Incidentally, in the case of the
analysis of tansient phencmena such as a pipe break accident, a correction term
for the transient change in film thickness § proposed by Kirby et al. is
occasionally introduced in the balance equation of the film flow rate. This
modification is employed in interpreting the experimental information that the
application of the steady dryout condition to a transient case leads to a
conservative assessment as compared with a direct evaluation from the
experimental data (there are also opposite data, in this connection, which show
that the dryout condition does not differ from each other in both the steady and
the transient cases).

Apart from the above model, there are different models proposed by Belda
et al. and Whalley et al., respectively. These are the other expressions
oriented from different approaches, owing to the fact that the means of
evaluating key variables, i.e. the entrainment generation rate, for instance,
are not established yet. Therefore, these models are not explained here.

A.3 Factors influencing the high-quality dryout

On the basis of the studies for the causes of the high—-quality dryout and
the nature of the thermal-hydraulic phenomena at dryout, the following factors
are conceivable as influencing the high—quality dryout: the quality, flow
pattern, entrainment generation rate, liquid film thickness, boiling section -
length, inlet subcooling (inlet quality)}, channel geometry, heat flux
distribution, pressure and flow rate. The local heat flux, though it is related
to the evaporation rate of liquid film, may not be so significant in the range
of low heat flux. This is readily seen in the relationship between critical
heat flux and quality shown in Fig. A.4 after Levitan et al. for an evaporation
channel. 1In the figure, the region where the critical heat flux does not depend
on the quality means a high-quality dryout region in question. In such a region,
the critical heat flux must be predicted by a roundabout way as follows: It
must be first grasped how the dryout quality x4 (which becomes constant over
the wide range of heat flux) is influenced by various key parameters, e.g. the
mass flow rate, system pressure and so on. Then, based on the derived
information, the quality which gives rise to the dryout under a certain operating
condition can be estimated. Finally, the value of heat flux leading to such a
dryout quality condition is known from the thermal equilibrium calculation for
the boiling channel. In the region of local heat loading burn-out, however,
such a heat flux is ordinarily obtained from an empirical formula giving directly
the critical heat flux. 8o, there are some empirical formulae, by Macbeth and
Biasi et al., for instance, which also correlate the critical heat flux for
high—~quality dryout with key variables like those for the local heat loading
burn-out. :

In Fig. A.4, the pressure and flow rate are treated as parameters
influencing the dryout quality xg. The effects of such parameters on the dryout
quality are described below qualitatively. For those factors which cannot be
correlated with the dryout quality, the description will be treated later based
on how they directly influence the critical heat flux.
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(a) Effect of the flow rate

At higher flow rates, the dryout. quality becomes low. In this case, the
critical heat flux becomes of course high. This fact means that the tramsition
from annular-mist flow to mist flow occurs under relatively low enthalpy
condition. Typical data obtained by Roko et al. are shown in Fig. A.5. The
general tendency of x4 against G, can be explained in terms of the relation
between the dryout and the stability of the annular liquid film or the amount of
generated entrainments: At higher flow rates, the relative speed of the liquid
film and the vapor flow becomes larger. Consequently, the shearing force at the
film-vapor interface grows larger, increasing the amount of entrainments which
are dispersed from the liquid f£ilm into the vapor core. On the other hand, the
amount of the deposition of entrained droplets does mot increase proncuncely
comparing with the growing generation of entraimments. With the total
entrainment flow rate thus being large (i.e. with low quality), there occurs,
therefore, the break down of the liquid film. In various empirical formulae,
the dependency of the dryout quality on the flow rate is exPresged by the
exponential decay functions in the range of about Ga "~ to GBO‘ .

(b) Effect of the pressure

The dryout quality becomes to take a maximum value at a certain value of
gystem pressure. It decreases at both higher and lower presssures from this
maximum level. The experimental data by Roko et al. are shown in Fig. A.6. A
similar explanation to that in item (a) is possible for the effect of pressure
on the dryout quality. When the pressure rises, both of the kinematic viscosity
and the surface tension of the liquid film decrease to enhance the instability
of the liquid film. On the other hand, the relative speed of the liquid film and
vapor decreases corresponding to the increasing density of the vapor. This
factor helps to increase the stability of the liquid film. These two opposite
effects co—exist in mutual competition. In conseguence, the dependency of the
dryout quality upon the pressure becomes complex, as indicated in the figure.
Therefore, the expressions of this dependency are widely varied in various
empirical formulae.

{(e) Effect of the length of boiling section

In general, the transition from annular-mist flow to mist flow in an
evaporation channel takes place under higher quality condition than in the case
of the unheated channel. This is probably because all parts of the evaporation
channel are equivalent to the "entrance"” region of the developing convection
system, while the flow is a fully developed one in the case of unheated tube,
viz. the experiments are conducted under developed flow condition. If it is
assumed that the similar consideration is permitted also for the length of the
boiling section, i.e. short or long, the dryout quality should be higher in a
short boiling section where the two—phase flow cannot be growm suffieciently as
in the case of low flow. However, the empirical formula by Tong et al. shows
that the tendency is even the reverse. Judging from the data, the effect of the
length of the boiling section on the dryout quality can be concluded as being
negligible.

(d) Effect of the inlet subcooling (inlet quality)

In the empirical formula by Biasi et al., there is a description concerning
the inlet subcooling. The results of trial calculations reveal, however, that
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the resulting differences in dryout qualities are essentially negligible.
Furthermore, the effect of the inlet subcooling is not observed in most of the
experimental data. Only in a special case of two-phase flow having high inlet
quality which is already close to or higher than the dryout quality of a
subcooled flow, the dryout quality becomes larger than that in inlet subcooling
case. As an example, the experimental data by Doroshchuk et al. are shown in .
Fig. A.7. The reason for the appearance of the effect of inlet quality may be
as follows: Even when the two-phase flow having high quality is fed to the inlet
of the heated channel, there would be a microscopoic liquid film of extremely
small thickness in the vicinity of the inlet. This thin film would disappear
after passing over a certain length of the heated section, giving rise in the
dryout quality.

(e) Effect of the channel geometry

A larger diameter channel lowers the dryout quality to some extent, while,
according to the empirical formula, the dryout quality is inversely proportional
to the 0.07 to 0.15 power of the channel diameter. The effect is, therefore,
negligible practically. '

The experiments with the tubes of a steam generator also indicate that the
dryout data do not depend on the heat loading rate. Figure A.8 shows the data at
GE (General Electric Co.) and at ANL (Argonne National Laboratory) which are
reported by Wolf et al.. In the figure, the broken line is a correlation for
the dryout in an evaporation channel shown in Fig. A.4 by the vertical line by
Levitan et al., and the solid line is a correlation for tubes by Wolf et al.. A
glance at the figure reveals the presence of an evident difference between two
correlations without regard to vhether or not the data scattering is taken into
account. The reason for the difference is, however, unknown. These two
correlations are considered to be valid in the region of high flow. TFor the
region of low flow, on the contrary, the validity is questioned by Roko et al.,
for instance. Therefore, it is not elucidated yet whether the difference between
the cases of single tube and multi-tubes also holds in the region of low flow.

Many experiments are conducted with an annular channel, i.e. the simplest
configuration which can give a prospect of applying the results to a pin—-bundle
system. However, the experiments are few which show the tendencies described in
items (a) through (d) as a characteristic nature of the high-quality dryout, i.e.
the experiments are mostly directed to examining the heat loading burn—out.
Ivashkevich et al. found that the dryout quality for the case of annular channel
in which a central pin is heated is about 1/1.5 of that evaluated for the
evaporation tube. For the annular channel in which the wall is also heated,
Jensen et al. and Becker et al. reported that the dryout quality varries with
the percentage of heat loading rate to the wall, and that there is such a radial
heat flux distribution as gives a maximum dryout quality under specific
conditions. Ylicel et al. and Collier et al. conducted experiments with
rectangular ducts heating one, two, or four walls presumably to examine the
essential effects of unheated walls on the dryout quality. It is already pointed
out that there is a tendency that the dryout occurs under less severe thermal
condition when there exist unheated walls in the channel than when the walls are
all heated. The classical burn-out experiments at GE, i.e. the 3 x 3 pin bundle
experiments by Polomik et al. are very familiar. However, pin bundle experiments
confirming this tendency in the area of high—quality dryout (the steady-state
dryout experiments at low flow and low pressure) are not performed yet as far as
the scope of the present review work is concerned.
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In the pin bundle experiments, there are complicated factors which are
probably influencial on the dryout, such as a spacer, pin displacement and radial
distribution of heat loading rate. They are taken into consideration for the
case of heat loading burn-out i.e. in a W-3 correlation, a Babcock/Wilcox-2
correlation, and so on. However it has not been settled yet whether or not the
following findings for the case of heat loading burn-out are also applicable to
the high-quality dryout: the displacement of pins gives essentially no influence
on the dryout condition up to the extent where the pims fall nearly in mutual
contact; the radial power grandient of up to ten percents or more gives also no
effect.

(f) Effect of the heat flux distribution

The relation with the radial power distribution was described above. It
is, therefore, examined here how the dryout quality is in the case of chopped-~
cosine axial power shape, comparing with the case of uniform heat loading.
Figure A.9 shows typical data reported by Doroshchuk et al. for an evaporation
channel (single tube), where the broken lines represent predictions from an
empirical formula by Levitan et al. for the uniformly heated tube. Evidently,
the heat flux which defines the boundary between heat loading burn-out and
high—quality dryout is extremely lower than in the case of the uniform heating
by about 50 to 60 % according to the data by Doroshchuk et al.. Nevertheless,
the dryout quality at high-quality dryout region is essentially the same as in
the uniform heating case. The similar results are obtained in many other
experiments including those by Remizov et al.. The experiments by Becker et al.
conducted with an annular channel whose central pin is heated nommiformly also
give no effect of the heat flux distribution. Incidentally, the pin bundle
experiments by Hill et al., in which the heat loading is changed for a short
time as a spike, did not lead to the dryout. These findings would be resonable
from the fact that the high-quality dryout is governed mainly by the cumulative
results of phenocmena taking place at the upstream region from the dryout point
(i.e. by the entrainment generation and its deposition), and is free from local
disturbances.

(g) Effect of the other factors

An iImportant factor to be considered first is the problem of the flow
instability. We cannot discard the possibility that this problem, which has
confused the interpretation of the past burn-out data, might also affect the
interpretation of the high-quality dryout data through introducing such phenomena
as a carry-over or carry—under of the liquid droplets (these phenomena brought
about bad effect on the heat loading burn—out by lowering largely the critical
heat flux). Up to the present, the problem of the flow instability has not been
studied much for the low flow and low pressure system enough to be discussed in
this review study.

The information of dryout conditions at transients should be summarized.
In connection with the safety evaluation of a Loss-of-Coolant Accident (LOCA) of
light water reactor, the pin bundle experiments and mock-up experiments of a
full-scale assembly are conducted with empases. Numerous analyses of the
experimental results have been conducted using the codes such as RELAP and COBRA.
In conélusion, the view is prevalent by the analytical workers that it is
possible to predict the occurrence of dryout in respective subchannels of a pin
bundle system by means of empirical formulae for steady state (e.g. the W-3
correlation), while there are uncertainties in the evaluation of cross flow
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mixing or turbulent flow mixing by the calculation code. However, we must
further consider the transient behavior of the flow configuration itself, such
as the concept of the transient change of film thickness by Kirby et al., in
cases as follows: the causes of the misleadings are to be explained that the
code predicts fairly earlier occurrence of dryout than observed in the
experiment, or the dryout did not take place while the occurrence is anticipated
by the calculation; the situations of the flow stagnation and some reversal flow
conditions are to be examined. The results of the evaluations by the codes are
more or less conservative when various empirical formulae derived on the basis
of steady-state data are applied in the analyses of the transients.

A.4 Range of the application of high-quality dryout data

The dryout data examined so far are mostly rather in the ranges of high
pressure and high flow. Figure A.10 is a parameter map of typical experiments
for examining high-quality dryout. It is the same figure as prepared by Roko
et al.. The region of interest is a lower pressure and lower flow region, i.e.
about one order of magnitude below the tested region by Roko et al..
Consequently, the problem still remains how the conclusions given already will
be in such a lower region (in the present survey study, the description of the
empirical formulae were, therefore, limited only to the required ones in order
to evade needless confusion). On the other hand, the volume of documents in
this area is increasing remarkably in recent years. S0, it is expected that the
data under lower flow and lower pressure conditions will be available in the
future. If such data are concerned with the flow construction, the phenomena of
high—quality dryout will be grasped in more detail and clearly.

In the present study, the fluid models intending for the extrapolation of
the results with water to different fluids (for example, approaches by Ahmad
based on a classical dimensional analysis and by Katto who introduced quite
different dimensionless quantities in his correlation scheme) were not taken up.
Under the present situation of little experimental data on sodium, it would
be, however, epoch-making if the knowledge and information on water can be
utilized quantitatively through such models. Much is, therefore, expected in
advance in this field of fluid models.
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Appendix B: Summary Review of the SLSF LOPI Simulation Tests

SLSF is a sodium loop inserted in ETR (Engineering Test Reactor)(zo)s(23).
A mock-up test assembly containing a bundle of up to 61 pins can be settled in
a loading/unloading machine located at a cénter of the loop. Bundles of 19 fuel
pins were used for the test series of SLSF—PI(IS)’(lg)s(zog and SLSF-w1(21),(22),
(23). fThe difference in the objectives of these two series tests are as follows:
the Pl series simulated the LOPL condition of FFTIF (Fast Flux Test Facility) in
FTR (Fast Test Reactor) and the Wl series simulated that of CRBR (Clinch River
Breeder Reactor). A double-ended guillotine rupture in the primary system inlet
pipe of the respective reactor was examined in these test series. The results
of these experiments are summarized here only briefly.

B.l Conditions of the SLSF-P1l and SLSF-W1 tests

The flow rate was projected to be reduced to 21 % in 0.2 s and kept constant
thereafter. The delay time of reactor scram after flow reduction is 0.5 s in
the Pl test, and is 0.65 s in the W1 test while it is 0.55 s in the case of CRBR
plant (since it was impossible to simulate the power decay curve of CRBR exactly
with ETR, the delay time of reactor scram was set as given in order to simulate
the total heat amount generated during the time interval between the initiation
time of the accident and the estimated time of the onset of sodium boiling).

The fuel pins simulated the severe conditions: a 15 % over—power of the maximum
power of each reactor core, the thickness of fuel cladding corresponding to that
at the end of fuel burn-up, the FP gas pressure equivalent to that at the maximum
fuel burn-up, and so on.

The geometrical specifications of the fuel pins of Pl and Wl test assemblies
are: the outer diameter is 5.84 mm, heating length (excluding the blanket
section) is 914 mm, pins pitch is 7.26 mm, spacer -wire outer diameter is 1.42 mm
(only the peripheral pins are wrapped with special wires which are 0.71 mm in
ocuter diameters and partly swelled with 1.42 mm diameter sleeves), and
spacer-wire winding pitch is 305 mm. The blanket sections of both assemblies
did not necessarily simulate the reactor condition. The coolant conditions of
Pl and W1 tests are: the inlet temperatures are 422 °C and 388 °C, respectively,
being fairly different between both tests, while the estimated saturation
temperatures at the boiling onset points are around 956 °C in both tests.

The Pl test was the first one conducted with SLSF. Therefore, its primary
purpose was to confirm functions of the loop and ETR and to establish
experimental techniques. TIn part of this series, several runs were carried out
simulating LOPI conditions. Except for the final case, many cases were, however,
trial operations at low power levels for the purpose of conducting the final run
successfully. 1In the Wl test, five runs were carried out to obtain information
on the followings: (1) the heat release characteristics of the FBR fuel pins at
the LOPI accident, (2) the boiling inception condition and the void expansion
characteristics, and (3) the boiling condition leading to fuel pin failure, and
so on. In the respective runs, the parameters changed were pre-irradiatilion and
pre-melting conditions of the fuel, while the LOPI accident cnditions were the
same in all runs. Accordingly, the same test assembly was used throughout, viz.




PNC SN941 85-56

starting with the state of fresh fuel, the test assembly experienced the
simulated LOPI accidents succeedingly, being changed its fuel conditions from one
state to another. :

The Pl series run had a long duration time. On the contrary, the Wl series
run was terminated within 3 to 4 s by raising the flow rate to its initial state.
The series of tests covered the part of LOPI accident scenario up to a point
corresponding to a primary peak in the behavior of coolant temperatures, and
left intact such a loss—of-coolant condition as lead to a subsequent secondary
peak. The reason for this is that even where the failure in the start-up of a
pony motor of primavy pump, for instance, is introduced in the scenario of the
LOPI accident of FTR or CRBR, the high temperature sodium generated during the
primary peak phase is already away from the assembly at the subsequent natural
circulation step, and the whole of assembly is in cooled condition like the
initial state or even lower. The tests for the secondary peak phase have been
conducted together with the R&D on safety evaluation of LSHRS accidents(27)-(32),

B.2 Results of the SLSF-Pl test

The pre—test analyses by SAS-3A and the other codes for the SLSF-P1
test(20},(23),(33) predicted the following: At 0.5 s after start of flow
reduction, boiling will take place at a point 127 mm upstream from the top of
the heated section. At 0.9 s after, the void region will extend over the whole
of assembly, resulting in violent melting of the caldding material to yield
channel blockage. However, the results of the Pl test were as follows:

(1) The temperature increase at the single-phase region was about 1/2 of the
predicted value.

(2) At 1.2 s after start of flow reduction, three thermocouples set on the plane
25 mm upstream from the top of the heat gection detected the boiling
inception (the adjoining measurement planes to this plane are 152 mm away).
Of the three thermocouples, one is located in the first subchannel from the
central pin, and the other two are in the second subchannel. A thermocouple
located in the fourth subchannel was in the subcooled region.

(3) Boiling continued for 0.8 s. The bubble region was confined stationarily
to a narrow region enclosing the seven central pins in the vicinity of the
top of the heated section. The saturation temperature was also measured in
the upper blanket region, meaning that the two-phase region extended axially
over 152 mm.

(4) There were no signs of phenomena such as the flow reversal, coolant ejection
and violent flow oscillation. The integrity of the cladding tubes was
retained.

The typical test data cited from reference (19) are shown in Fig. B.1l.

The test results were examined as to whether the discrepancy between
prediction and experiment was due to error in the setting of the test conditions,
or to inadequacy in the analysis, or due to both. In consequence, the following
were pointed for the experiment: The flow reduction curve was more gradual than
the planned curve, and its asymptotic value stayed at 26 % rated flow. The
rated heat output exceeded the planned level by 19 %. For the analysis, it was
concluded that the boiling phenomena in a LOPI accident cannot be evaluated by
the single-channel slug model of the SAS-3A code, while the thermal-hydraulics
of the single-phase flow can be well explained by putting the asymptotic value of
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the inlet flow to 30 % rated flow and duplicating the heat conductance through
the gap between fuel and cladding from its nominal value in COBRA-3M or SAS-3A
codes (the validity of these modifications is not established yet). It appears
impossible to evaluate the data of Pl test any further because of the
uncertainties of the in-pile test and various troubles ascribed to the first
experience and some trivial errors.

B.3 Results of the SLSF-Wl test

The pre—test analysis(23) of the SLSF-W1 test indicated the following:
At 0.9 to 1.0 s after start of flow reduction, boiling will take place at a point
about 7 mm upstream from the top of the heated section, and at 1.6 to 1.8 s
after, it will be terminated (the boiling duration time will be 0.75 to 0.8 s)
with the pins being not damaged. 1In contrast to this prediction, the test
results were as follows: No boiling took place under the LOPI condition of
CRBR, while the maximum sodium temperature reached up to 15 to 20 °C subcooling
level. 1In the final case, which was started erroneously with the higher heat
output by 5 % over the planned rating, i.e. about 20 % over power of CRBR,
boiling for 0.5 s was observed. The test results cited from reference (22) are
shown in Fig. B.2. Any more details on the analysis of the test data will be
shown on another opportunity.
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Appendix C: Principle of Voild Fraction Measurement

To attain measurements of void fraction profile in a boiling two-phase
flow, many Chen-type void probes are inserted in a pin bundle. The void probe
consists of two parallel lead wires of stainless steel and a cladding tube.

The outer surface is 1.3 mm in diameter for most of its length and is squeezed
into a fine tube of 0.65 mm diameter for about 5 mm long from its pointed end,
where two internal wires are welded to the cladding. The tightened part surves
as a void sensor. The specially fabricated electrical circuit, i.e. the void
meter, picks up the delicate change of electrical resistivity between the
cladding and one of the internal wires, so that the attachment and departure of
sodium void around the void probe yields an on/off type output signal. At the
data reproduction, the on/off signal is further intergrated by the void fraction
analyzer for a short time period to deduce a time averaged void presence ratio
which is treatable as a local void fraction when the two-phase flow attains a
stationary condition. The following describes the principles of the data
processing methods relevant to the void fraction measurement.

C-1 Chen-type void probe and its void meter

The basic idea of the Chen—type void probe and its circuit was proposed by
Chen(34), Following his idea, a conventional void meter circuit named Mark-I
vold meter was devised and used for two series of experiments with the 37F and
61A test sections. In addition, an improved circuit named Mark-II void meter
was introduced at the present experiments with the 37G test section. The major
difference in these two circuits lies in wheather it has a funetion of
compensating for an ocutput drift due to a change of sodium temerature around
void probe.

Figure C.l1 shows the circuit design of the Mark-I void meter. The upper and
lower figures are drawn based on the sensor image and on an equivalent DC bridge
balance circuit, respectively. Let the bridge balance resistance Rg and a
constant voltage power supply E, be connected between one of the internal wires
(R1) and the cladding (R3+2Rs), the electrical potential between the contact
point of the divider of Ry and ancther internal wire (Rp) gives the void signal
€g. In this case, the DC bridge circuit is made of the first wire (Rl), cladding
(R3+8&Rg), one part of the bridge balance resistance (R;), and another part
(R; = Rg~R4), where the resistance of cladding includes the changeable component
ARg depending on the void attachment and departure. The bridge balance is
initially settled so as to suffice the relation: R;"Ry = R, 'Rg

The Mark-I void meter gives unfavorable ouptut drift when the resistances of
wires and cladding are changed drastically. This problem was solved in
fabricating the Mark—I1I void meter. The details are shown in the letter of
patent by Isozaki and Satoh(33). The superior performance of the Mark-II void
meter 1s indicated by an example output shown iIn Fig. C.2, where the similar
result by the Mark-I void meter is also shown for comparison. Though the
LOF-induced sodium boiling can be sensed by both void meters, the Mark-II void
meter has a better performance against the temperature drift and easily enables
us to direct the data processing to a further interesting stage.
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C.2 Void fraction analyzer

Provided the output of the void meter can give regular time series pulses,
a conventional pulse analyzing technique is applicable to the void meter signal.
The void fraction analyzer was thus deviced as a typical single-channel pulse
analyzer/monitor. Figure C.3 shows its full view. The main specification is
listed in Table C.1. The input pulse from the void meter is reformed by the
comparator and is fed to the pulse counter ecircuit. The clock pulses passed
through by the comparator pulse windows are counted under the control of the
integration time controller. The counted number is then normalized by the total
number of clock pulses generated during the time of the integration control gate
being open. These processes are repeated to obtain a time series void fraction
signal, while it is smoothed over with an appropriate combination with a low-pass
filter.

The void fraction analyzer was tested by an off-line method with a recorded
void meter signal. First of all, the smoothing ﬁechnique of the output singnal
is checked as shown in Fig. C.4. The recommended cut-off frequency of the low
pass filter is decided as an inverse of the integration time interval. Using the
filter thus specified, the void fractions were then calculated. Figure C.5 shows
typical results of the void fractions calculated under various integration time
which can be arbitrarily chosen based on the required frequency response.

Table C.1 Specifications of the void fraction analyzer

Item Specification
Input voltage =5 to +5 V (floating differential)
Detectable minimum amplitude | 50 mV p-p
Trigger level movable in -5 to +5 V span by lO0-~turn
potentiometer
Output voltage 0 to 1V for 0 to 100 % void fraction
Qutput current 50 mA {(max.)
Output impedance 30 @ (max.) with a minus line being grounded
Integration time interval A: 5.24288 s
B: 2.62144
C: 1.31072
D: 0.65536
E: 0.32768
F: 0.16384
Internal clock about 100 KHz
Oscillator about 10 MHz (X'tal)
Accuracy 2 % (typical)
Resolution 0.0244 % of full scale {2.44 % void fractiom)
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Appendix D: Evaluation of Heat Flux Profile during Experiment

The heater element is made of tantalum. TIts electrical resistance changes
widely depending on its temperature. This nature leads to a complex behavior of
pin power profile during the experiment. The evaluation of power profile is,
however, strongly required for analyzing the experimental results in detail.
Therefore, an empirical method for this purpose was made available and checked
as follows.

D.1 Resistance of heater pin

From many literatures, it can be confirmed that the electrical resistance
of tantalum changes as expressed by a nonlinear function of its temperature.
However, it was approximated here by a simple linear function as correlated in
Fig. D.1, where the resistances of every heater pins used in the present
experiments were correlated with those data measured under uniform temperature
conditions and with the property data from literatures. When the power is fed
to the heater pin, the temperature of tantalum increases over the enviromment
temperature level by up to a few hundred degree C depending on the power. This
power dependent termm of resistance change was correlated secondary as shown in
Fig. D.2. These results led to a correlation equation as expressed by:

R = 9.0E-4 T + 1.125E~4 Q + 0.27

where R means the resistance of each pin in (] unit, T is a sodium
temperature around the pin in [°C] unit, and Q is a heat flux of the tested pin
in [kW/m2] unit.

To confirm the accuracy of estimating the resistances by the above equation,
the estimated values of resistances were plotted against those measured directly.
The result is drawn in Fig. D.3, indicating that there is an uncertainty of 5 to
10 %, the major component of which is ascribed to the difficulty in quality
management at the pin manufacturing process. However, the correlation would be
concluded as being valid well for all heater pins.

D.2 Estimation of axial power shape

Using the equation thus derived, the axial pirn power shape can be estimated
as follows:

R{z) = 2.0E-3 Tyy(2z) + 2.5E=4 q"(z) + 0.6

q"(z) = 1.0E-3 I2R(2)dz/dS

TNa(Z) 2
cppAUAT = [ q7(z)dS
Tin 0
vhere
U : flow velocity [m/s]
A : equivalent flow area around a pin [m2]
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local heat flux [kW/mZ]

q"(z) @

P : sodium density [kg/m3]

ds : heating surface area in control volume [m2]
cp : specific heat of sodium [1.256 kJ/kg°C]

I : electrical current [A)

R(z) : 1local electrical resistance [9/m]

dz : axial distance in control volume [m]

TNa(Zz): local sodium temperature [°GC]

If the electrical current of each pin is given, these equations can be solved
for an axial node to yield:

- _ 2
(2.0E-6 TNa,n + 0.6E-3) I

AS/Az - 2.58-7 12

CpPAU (TNa,n+1 = TNa,n) = 48q",

where
n ! node number, =1, 2, ....
T : inlet temperature (= Ti,)
A8 : heating surface area in each node
Az : node height

Figure D.4 shows the estimated results of a typical case, i.e. the initial
condition of Run 37(34)LHF-234. The electrical current of 686 A was supplied to
34 heater pins and the averaged heat flux was 41.7 kW/m2. Upon assuming the
uniform radial power shape, a current value of 686/34 (= 20.176) A was used for
the heat balance calculation of a hypothetical flow channel having flow area of
924/34 mm2 (924 mm2: total flow area of the 37G bundle). The estimated axial
power shape becomes a trapezoidal form whose maximum point is located at the top
end of the heated section. The maximum-to-average or minimum—to—-average power
peaking is around *17 to %19 % for this case. In this calculation, however,
there appeared an estimation error of about -14 % in heat flux on average, which
introduced error of about -30 % in local sodium temperatures (including that
caused by using the larger equivalent flow area in the calculation).

The major part for these errors might be ascribed to the estimation error
of pin resistance or to the measurement error of electrical current. Therefore,
the power profile should be checked (by multiplying a certain modification
factor) to equalize the calculated averaged heat flux to that measured directly.
Figure D.5 shows the results of the modified calculations, where the power and
temperature profiles are traced for three cases: one is the best estimated
calculation giving precise averaged power and the other two are 10 % over and
under power calculation cases. For all cases, the calculations lead to lower
values of estimated temperatures. The utilization of a smaller value for the
equivalent flow area leads to a better agreement between calculated and measured
results. For instance, a 10 to 20 % smaller value of flow area would lead to a
reasonable situation.

The above discussion is restricted to the single-phase flow cases. The
power profile becomes flat at the boiling region, being connected with the
partial trapezoidal zone corresponding to the non-boiling region. Especially at
the dryout step of each run, more than three quarters of the heated section is
covered with saturated sodium and its vapor. Therefore, the steeply slopened
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power increase is considered only at the lower part of the heated section, and
the maximum heat flux becomes close to the averaged ome measured. The precise
power shape can be obtained by stopping the above mentioned marching calculation
when the temperature exceeds the saturation point and by drawing the flat line
thereafter.
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Appendix E: Calibration of Flow, Pressure and Temperature Signals

The low—heat—~flux boiling experiments deal with so small signals of powers,
flows, pressures and temperatures that a careless treatment of these data
introduces large errors in the heat and mass balances of the sodium flow which
might lead to misleading understandings on the observed phenomena. The
instrumentation system of the SIENA facility was so aged that the hardwares of
the measurements were not qualified high enough to guarantee the accuracies of
measurements by themselves. Therefore, the data accuracies were improved chiefly
by the software technique checking the offsets and gains of measurements with
many calibration data.

E.l Calibration of flow signals

Among five flow-meters in the facility, four flow-meters, i.e. F~101, F-103,
F-106 and F-107, are located at the main line. It is possible to check the
outputs from these flow~meters each other for the relative calibration of these
flow-meters. The most reliable flow—meter F-103 having a well fixed umit
conversion factor (7.843E+2 (m/s)/(V)) and a high gain accuracy (20.002 m/s)
was used as a standard flow-meter for the relative calibration.

First of all, the offset values of the flow-meter signals were fixed by the
zero flow calibration data. The results are illustrated in Fig. E.l. Only six
cases of zero—flow data were available for the HP-2116C system. On the contrary,
there were many YODAC or HP-9845T data points from which general tendencies of
the offset vaules of individual flow-meters were derived. These data were,
therefore, used as supplemental back-data to compensate for the scarcity of the
HP-2116C data. The scalings of two vertical axes for each flowmeter case are
arbitrary shifted so that it can be easily find that the HP-2116C data have the
same tendency as the YODAC or HP-9845T data. The sodium temperature data are
also shown to examine the possible drift of the offset value by the sodium
temperature change, while the drift cannot be identified. There appeared a jump
in the traced lines of the offset values of F~106 when the SIENA operation was
renewed from l41lth to l42th operations. It corresponds to the occurrence of a
trouble in the measurement network of F-106.

The relative calibrations of the flow-meters F-101, F-106 and F-107 by the
standard flow-meter F-103 were conducted, selecting the YODAC data of the
single-phase flow runs of 13%th and 140th operations as data bases. The results
are shown in Fig. E.2, vwhere the offsets of the flow-meters are subtracted
beforehand. Due to the misconnection of signal cables, the sign of F-106 signal
was reversed, while it is tentatively reversed again in Fig. E.2 to plot the
data in positive domain. For F-107 case, there appeared two groups of data sets
each having different sensitivities against standard signal F-103. It is known
to be caused by the difference in temperatures of F~107. From the relative
calibration shown above, the wnit conversion factors of the tested flow-meters
can be obtained by dividing the factor of F-103 (di.e. 7.843E+2 (m/s)/(V)) by
the linear coefficients of the fitting lines of individual flow-meters noted in
Fig. E.2.
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Finally, the signal processing accuracy was assessed by comparing the
reproduced data of test runs within the low flow range. The results are shown
in Fig. E.3, where the data from F-106 are not plotted because of the failure of
the flow-meters at the test runs. A glance at the figure impiles that the
flow-meter F~107 cannot be used for the data analysis of low-flow runs. The
fairly large error of F-101 at especially low flow region of loss than 0.05 m/s
would be caused by the noise component of the flow-meter.

E.2 Calibration of pressure signals

It has been known that the pressure transducer is very sensitive to the
temperature change. The offset value drifts widely depending on the positive or
negative temperature coefficient unique to each pressure transducer. Especially,
the drift of P-109 is so large that the surrounding temperature of the pressure
sensor must be controlled within the range of *10 °C to obtain the 20.005 MPa
accuracy of P-109.

Several depressurization boiling runs were conducted in the present
experiments. The cover-gas pressure was reduced there stepwise to reach sodium
saturation condition under nearly constant sodium temperature condition and to
intensify boiling conditions after sodium boiling was initiated. It was
concluded that the steady data of the earlier single-phase flow steps of these
runs applied most reasonably to the relative calibrations of all pressure sensors
to fix the wnilt comversion factors at first. The standard pressure signal of
the calibration was selected as P~201, whose unit conversion factor, offset and
accuracy were evaluated as 7.355E+4 Pa/V, 400 counts and *0.001 MPa (= %5
counts). Figures E.4(a) through E.4(e) show the results of the calibrations
using the data of depressurization runs of 37(35)LHF=-220, 37(35)LHF-222 through
37(35)LHF-224. The zero point of the individual pressure amplifiers were left
intact at least throughout these four runs. The upper figures mean the first
data fitting results obtained by fixing the offsets being zero, and the lower
figures mean the second results rearranged by subtracting the offsets by
suggested values at the first fitting works. 1In these calibrations, the
tentative criterion was used that the outputs from the tested pressure sensors
must be equal to those from standard pressure sensor, neglecting the presence of
liquid head (and frictional pressure drop). The calibration results indicate
that the wmit conversion factors can be properly evaluated by the above method.

-The offset values of the pressure singnals were estimated so that the
results of the head calculations of individual sensors for every low-heat-flux
boiling runs become to agree with the initial pressures derived from the
individual sensors. In the head calculation, the sodium free surface was assumed
as being at EL-9100 mm level, and the initial outlet temperature T~004 was use
for calculating the sodium density. Figure E.5 shows the relation between the
offset values thus derived and the environment temperatures of each sensor. The
offset of P-108 did not depend on the sensor temperature represented by the
temperature T-003. However, the offsets of the other sensors were, more or
less, sensitive to the changes of sensor temperatures represented by either
T-003 or T-004. The estimated data of the offset values of these sensors also
scattered rather widely around the most likelihood fitting lines.

Although the estimation errors of the initial steady data of pressure

signals can be minimized within #0.005 MPa by using the accurated offset values
from the head calculations, the transient data include unfixed large errors
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depending on the temperature drifts of the offset values. These errors would
become small if the time series values of temperature drift component are
estimated and subtracted from the raw data using the correlations shown in

Fig. E.5. An example of such a special data processing method is shown in

Fig. E.6, where the data of P-108, P-109 and P-111 and the artificially processed
results of P-109 and P-111 with the above offset subtraction method are traced
for comparison. Since the transient history of the sensor temperature is not
measured, the moving averaged temperature of T-004 for time intervals of 460 s
with a heat transport delay time of 60 s are used instead as the sensor
temperature, i.e.

1 t-tp

Tsens(t) = === | T-004(t)de
ty t-ty—tp
where
Tgens ¢ Sensor temperature [°C]
ty : averaging time [460 s]
tp : delay time [60 =]

Figure E.6 indicates that the supplemental data processing method like this
would bring about better results as expected. However, the maximum error
included in this data processing method cannot be estimated precisely at present.

E.3 Calibration of temperature signals

Most of the thermocouples are ¢.3 mm in sheathed outer diameters. Their
source impedances are very high {for instance, the DC resistances are around
1.0 k® at room temperature, 1.4 kR at 400°C level and 1.7 kf at 900°C
level). It is therefore very difficult to measure the temperature precisely,
avoiding the possible mismatching with the convenient data logging devices. In
addition, there were no signal isolation amplifires until the beginning of the
141th SIENA operation by which the active circuit for a burn—out detection of
heater pin can be isolated from the thermocouple connected. Therefore, some of
the earlier temperature data included errors caused by the foreign EMF
{electromotive force) from the active circuits. Further, the temperature
measurement circuits of the HP-2116C system had no devices to fix the
cold-junctions of the thermocouples to be zero degree C. Therefore, the
temperature difference between the truth and a certain cold~-junction temperature
must be estimated and added to the raw data.

Besides these Insufficiencies in constructing the instrumentation system,
the quality of the thermocouple fabrication becomes in question, because the
thermocouples equipped are of 0.75 % class (maximum error of *7.5 °C at 1000 °C
level) and easily deteriorate under heavy utilization beyond the allowable
temperature range of up to 600 °C.

There were many calibration runs conducted under the conditions of zero
power, i.e. under the isothermal conditions. These runs were scheduled to be
carried out at the beginnings of every SIENA operations. The isothermal data
from all thermocouples were measured with the high accuracy data scanner YODAC
which had a function of supplementing the cold-junction temperatures. These
data were, therefore, used for the calibration, taking the most reliable
thermocouple T-003 as the standard thermocouple. There were several
unappropriate runs for the calibration. For such rums, the calibration data
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were located apart from the linear fitting line, Y = AX + B. These data
indicated that there might be great amounts of temperature falls due to heat
losses when sodium was driven very slowly from the inlet of the test section to
the inside of the test section. Therefore, the data measured under very slow
sodium flow were discarded from the data base for the calibration. From the
fitting equation, one can estimate both the degree of global mismatching and the
over-all offset unique to each thermocouple. The calibration work was conducted
with the aid of the interactive SISCO (Sensor Informatiocn Service Code). First
of all, the grouping information of the instrumentation conditions was examined
to fix the data base for the calibration of each thermocouple, while it was
sometimes modified based on the calibration results. For every groups of
calibration data, the fitting equations were obtained. Therefore, if the
instrumentation network is altered once or twice throughout the 37G experiments,
plural sets of sensor information are deduced for those thermocouples concerned.
Two typical results of the calibrations of those thermocouples having simple
data bases are illustrated in Figs. E.7(a) and (b), where the upper figure means
the result of the fitting of raw data and the lower figure the fitting of the
artificially corrected data in respect to mismatching and offset. It can be
found that the gain correction factors (inverse of the mismatching factor) of
T-1012 M and T-028 are 1.0342 and 1.0150, respectively. The reason of causing
the difference in these values lies in different instrumentation network, i.e.
the thermocouple T-1012M was connected to the HP-2116C system while the T-02S
was not.

Figure E.7(c) shows the case of T-1011M which was connected to the burn—out
detection circuit of the heater pin. The burn-out detection circuit was isolated
at the beginning of the l4lth operation. Therefore, the data base was divided
into two groups (based on whether or not the isolation amplifier was in
operation) to yield two fitting lines for two groups of data sets. The gain
correction factors for those thermocouples connected to the burn—ocut detection
circuits without isolations were very large, e.g. 1.0646 for T-1011M. 1In
addition, large magnitudes of offsets were added to such thermocouples, e.g.

34.5 °C for T1011M, while they were small for the other thermocouples, e.g. 3.9
and 1.8 °C for T-1012M and T-02S, respectively. The introduction of the
isolatiorn amplifier extracted the bad influence of the burn-out detection circuit
to lead to the normal values of the gain correction factor and offset like those
of the thermocouples which did not connected to the burn-out detection circuit.

The instumentation network was often altered prior to renewing the SIENA
operation. At some times, the buffer amplifiers which had been used for the
thermocouples whose fluctuation signals were measured simultaneocusly with high
amplifications were disconnected from the instrumentation network. The
calibration result of such a case is illustrated in Fig. E.7(d), where the case
of the thermocouple T-0lF is selected as an example. The gain correction factor
and offset of the thermocouples connected to the buffer amplifiers differ quite
randomly depending on the random adjustments of the amplifiers.

There are a few thermocouples whose outer diameters are 1.3 mm. The
calibration result of the thermocouple T-012M is shown in Fig. E.7(e). The
gain correction factor of such a large diameter thermocouple is close to 1.0,
i.e. 1.0123 for T-012M, because of its small source Impedance. Therefore, it
would be reasonable to treat the thermocouples located at the outside of the
isothermal sodium boundary as being precisely measured.

After fixing the gain correction factors and offsets of individual
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thermocouples, the common offsets of all thermocouple signals measured by the
HP-2116C system were evaluated. A common offset to all channels of HP-2116C
system to which the thermocouples are connected can be regarded as being composed
of two components: One is a negative-signed value of common EMF corresponding

to the cold-junction temperature, and the other is an ordinary offset of the
front multiplexer of the A/D converter. In the present data processing method,
these two were treated not separately by comprehensively by the name
"cold-junction temperature”.

The addition of the cold-junction temperature to the initial value of the
time series data from HP-2116C must lead to the reliable data measured by the
YODAC prior to starting the HP-2116C system, if the initial condition of each run
is stationary. From this principle, two data sets of HP-2116C and YODAC were
compared to see the agreement of temperature values from both measurements.
Figure E.8 shows a typical result of this exercise, where the axial temperature
profiles are drawn. The upper figure shows the raw plots of HP-2116C data and
YODAC data, and the lower figure shows the comparison of the raw data of YODAC
and the artificially corrected data of HP-2116C by adding a comstant value to
all HP-2116C data so that the inlet temperature T-003 becomes equal to that of
YODAC data. It can be concluded that the addition of a certain constant value
(i.e. the cold-junction temperature) to the HP-2116C data leads to the agreement
with the YODAC data. The change of the cold-junction temperature thus obtained
during one day of SIENA operation is illustrated in Fig. E.9, taking the absolute
time of each run as a horizontal axis. From these data, it would be said that
the cold-junction temperature can be estimated reasonably for many cases.
However, one should note that this method does not necessarily lead to
appropriate results for all cases due to the non-stationarities of the initial
conditions.
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Fig. E.4(b) Calibration of the pressure transducer P-110
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Fig. E.4(c) Calibration of the pressure transducer P-109
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Fig. E.4(e) Calibration of the pressure transducer P-103
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Fig. E.7{(c)

Calibration of the thermocouples

T-1011M

(mismatching with the burn-out detection circuit)
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Fig. E.7(d) Calibration of the thermocouples T-01F
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Fig. E.7(e)

Calibration of the thermocouples

T-012M

(special case of 1.3 mm dia. thermocouple)
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Fig. E.8 Compensation of the cold-junction temperature
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Data No. $#13902 — #13928
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- Fig. E.9 Change of the cold-junction temperature during one day



Appendix F:

experiments.
145,

PNC SN941 85-56

Records of the SIENA Operations for 37G Experiments

In the following lists of the 37G operation records, the experimental

The numerical data representing instantaneous

procedures are summarized using the data from some monitor recorders and the
HP-9845T monitoring system.
may have unfixed errors at present.
examinations.

status

They will be corrected in the forthcoming

The STENA facility was operated seven times for the low-heat-flux boiling

139th operation:
(1979, 11.20-22)

140th operation:
(1979, 12.4-6)

141th operation:
(1980, 1.16-18)

142th operation:
(1980, 1.30-2.1)

143th operation:
(1980, 2.26-28)

144th operation:
(1980, 3.17-19)

145th operation:
(1980, 4.8-10)

Low-heat-flux boiling runs; series (1)
(examination of boiling inception conditions
under low-flow)

The serial operation numbers are 139, 140, 141, 142, 143, 144, and
A total of 50 runs are carried out as follows:

Run 37(37)LHF_200 through 203 LI R N [ EERR] 4 cases
Low-heat-flux boiling runs; series (1) (continued)
R.un 37(37)141']}'_210 through 219 *s o s e L EOOENEE S 10 cases
Low-heat—flux boiling runs; series (1) (continued)
Run 37(35)LHF-220 through 228 ....ieessesesesss 9 cases
Low-heat-flux boiling runs; series (2)

(examination of dryout conditions

under low—flow)
Run 37(36)111“"—230 through 232 . c et s e s et e B EEA 3 cases
Run 37(34)LHF-233 through 239 sesssnssssssssass 7 cases
Low-heat-flux boiling runs; series (2) (continued)
R'Un 37(33)LHF—240 through 248 PE PO E P PO RO OLNSEEEETS 9 cases
Low-heat-flux boiling runs; series (2) (continued)
Run 37(29)LHF-250 through 253 coesesssassssnees 4 cases
Low—heat—flux boiling runs; series (3)

(examination of the effect of gas injection)
Run 37(26)LH:F_260 through 261 T e s trBa et b 2 cases
Run 37(24)LHF“‘262 “T e P EBO NS EE LA RN S 1caSE
Run 37(20)LH:F—263 P es P eI RN TR I ALREELESE 1case

total 50 cases

The test parameters examined are:
(3) system pressure, and (4) effect of gas injection.
conditions, the weak forced convection method was adopted with the inlet valve
being throttled close to 0% opening.

(1) inlet flow velocity, (2) heat flux,

The analysis of the low-heat-flux and low-flow runs requires a highly

qualified data in their accuracies.
were conducted, therefore, frequently through all operation times.
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To attain aiming test

The calibration runs of various sensors used
They are also
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documented in the following lists. The record of the last STENA operation (i.e.
the 146th operation: 1980, 5.7-8) is appended for seeing the procedures of the
final calibration runs which are available for the data checking works.
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Record of the 139th operation

1979.11.20
8:20 Preheater power on

13:46

14:52

14:56
14:58

15:02
15:06
15:15

15:16

15:18

16:53
17 :00
17:07
17:12

8:52

{aiming temperature level = 250 #25 °¢)

Sodium charge
(sodiur level = EL-9100 mm)

Pump operation sequence check

Valve setting

| ¥E=161 | vA-10Z | wi=103 | VE-10% | VE-109 | Vi-110

{_ 1007 | close [ 0% ] 1300 % | 100 2]

100 % '

Pump on and off
Valve setting

VH-101 | VA-10Z | vM-103 | va-104 | VE-109 | VE-110

100 Z | close | 100 Z | 100 % | 07 |

[

Pump on (~50 1/min)

Pump power up (~L00 + ~150 + ~200 + ~250 + ~290 1/min)

Pump off

Circulation & purification operation

Valve setting

| ¥B-101 | VA-10Z [ VH-103 | VB-104 | VA-109 | VE-110 i

[_100 % | open | 10D % | 100 % | 100 % |

Pump on {~150 1/wdn)

SBL & FPL power supplyer check

FPL power on and up
FPL power down and off
SBL power om and up
SBL power down and off

1979.11.21

Thermocouple and flow-meter calibration runs

Run 37(0)CAL-0150-139-A {No. 1, #13501)

YODAC scanning

T-003 = 286.1 °c, T-1011M = 287.4 °C, F-103 = 0.549 m/s

Run 37(0)CAL-0-139 (No. 2, #13902)

9:0%

9:10
9:11

10:0%L
10:06

10:07
10:08

10:10
10:24

10:25
10:26

Pump off

Valve setting
VE-101 | VA-10Z | VM-103 ] VE-104 | VH-109 | VH-110
100 % | close | 0% [ 100 %] 0% ] 0 7%

YODAC scanning

T-003 = 294.0 °C, T-10114 = ..... °¢, F-103
HP~2116C start
HP=-2116C stop

Run 37(0)CAL-050-139 (No. 3, #13903)

Valve setting

= 0.008 w/s

| _VA=IOL | VA-102 [ vk-103 | va-16% | VE-109

VE~110 |

|
1100 £ 1 close | 100 2 | 100 %] 0% ] 0z |

Pump on (~50 1/min)
YODAC scanning

T-003 = 279.3 °C, T-1011M = 281.2 °C, F-103 = 0.B47 m/s
HP-2116C srart
HP-2116C stop
Run 37(0)CAL-0]100-139 (No. 4, #13904)
Pump power up (~100 1/min)
TODAC scanning

T-003 = 281.5 °C, T-1011M = 283.1 °C, F-103 = 1.780 m/s
HP-2116C start
HP-2116C atop
Run 37(0)CAL-0150-139-B (No. 5, #13905)
Pump power up (~150 1l/wmin)
YOPAC scanning

T-003 = 281.4 °C, T-10L1M = 283.5 °c, F-103 = 2.659 u/s
HP-2116C start
HP-2116C stop
Run 37(0)CAL-0200-139 (No. 6, #13906)
Pump power up (~200 1/min)
YOPAC scanning :

T-003 = 281.9 °C, T-1011M = 284.4 °C, F-103 = 3.600 n/s
HP-2116C start
HP-2116C stop
Run 37(0)}CAL~0260-139 (No. 7, #13907)
Pump power up (~260 1/mia)
YODAC scanning

T-003 = 284.8 °C, T-1011M = 287.3 °C, F~103 = 4.596 u/s

HP-2116C start
HP-2116C stop

96-C8 T¥HENS ONd




10:34

10:34
10:38

10:54

11:01

11:03
11:04

- 08T —

11:25

11:26
11:27

Single—phase flow runs, series (1)

(exanination of temperature profiles under wniform heating)

Run 37(37)H-260-10 (No. 8, {#13508)

SBL & FPL power on

(central 13 pins are connected to FPL and peripheral 24 pins are

to SBL)
Step | Power | Heat flux | F-103 | T-003 | T-101lM Hold Note
No. | (XW) | (Wewd) | (wfs) | (°C) o time
Total FPL/SBL
L 0.04 | 0,037/ 0.00
2 0.83 0.54/ 0.16
3 5.67 | 2.38/ 1.28
4 16.22 | 2.38/ 5.16
5 16.31 | 4.13/ 5.16
6 23.37 | 7.09/ 6.76
7 27.82 | 7.97/ 8.30
8 29.60 9.59/ 9.07
El 34.35 [10.07/10.312] 4.690 | 295.5 309.1
YODAC scanning
T=003 = 295.5 °C, T-1011# = 309.1 °C, F-103 = 4,690 m/s
HP-2116C start
HP-2116C stop
Run 37(37)H-260-30 {No. 9, #13909)
SBEL & FPL power up
Step | Power Heat flux F-103 T-003 T=-1011M Hold Note
¥o. (kW) (W/cml) (nfa) °c) (*c) time
Total FPL/SBL
1 40.95 [12.42/11.84
2 47.83 [14.36/13.91
3 55.09 |16.29/16.15
4 61.99 118.12/18.29
5 77.48 122.24/23.08
6 86.61 |25.21/25.62
7 ] 91.36 |26.46/27.09
B 98.44 129.00/28.52
9 }100.95 [29.94/29.55| 4.753 | 298.8 333.3
YODAC scanning
T-003 = 298.8 °C, T-1011M = 333.3 °C, F=103 = 4.753 n/s
HP-2116C start
HP-2116C stop
Run 37(37)H-260-20 (No. 10, #13910)
SBL & FPL power dowm
Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
No. | (kW) (W/em?) (2/5) °e) *e) time

11:43
11:46

11:47
11:48

11:59
12:00

12:01
12:05

13:05
13:10

13:25

13:26
13:27

13:31

13:36

Total FPL/SBL

99.58 ]28.33/29.81
83.64 |24.49/24.66
72.65 |21.89/21.99

o b

69.48 {20.45/20.42( 4.698

280.2 304.7

YODAC scanning

T-003 = 280.2 °C, T-1011M = 304.7
HP-2116C start
HP-2116C stop

Run_37(37)H-150-20 (Ne. 11, #13911)

Pump power down (~150 1/min)

°C, F-103 = 4.698 n/s

Heat flux [ F-103

T-003 | T-1011M Hold

Step | Power Note
No. (kW) | (Wem?) | (mfe) | (°C) (°c) rime
Total FPL/SBL
1 68.13 [20.71/20.13] 2.65) | 2569.8 311.0
YOPAC scanning
T-003 = 269.8 °C, T-1011M = 311.0 °C, F-103 = 2.651 w/s
HP=2116C start
HP-2116C stop
SBL & FPL power down and off
Run 37(37)H-200-10 (No. 12, #13912)
Pump power up (~200 1/min)
SBL & FPL power on
Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
¥No. (kW) W/ cm?y (m/s) (*C) (°c) tine
Total FPL/SBL
1 5.34 1,97/ 1.36
2 10.08 | 3.08/ 2.50
3 20.40 5.92/ 6.04
& 28.04 | 8.29/ 8,22
5 34.10 |10.09/ 9.99] 3.561 | 282.9 299.9
YOUDAC scanning
T-003 = 282.9 °C, T-1011M = 299.9 °C, F-103 = 3.561 n/s
HP-2116C start
HP=2116C atep
Run 37(37)H-150-10 (MNo. 13, #13913)
Pump power down {~150 1/min)
Step | Power | Heat flux | F-103 | T-003 [ T-101lM Hold Note

No. (kW) (W/cm?) (m/a)
Total FPL/SBL

(*c) (°cy time

1 33.95 [10.09/ 9.93] 2.698

278.4 29%.8

TYODAC scanning

96-G8 T%6NS ONd
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13:38
13:39

L3145

13:50

13:52
13:53

13:55

14:09

14:10
14:11

14:20

14:20

14:32

14:34
14:35

14:45

T-003 = 278.4 °C, T-1011M = 299.8
HP=2116C start
HPF-2116C stop

Run 37(37)H-100-10 {No. 14, #13914)

Pump power down {~100 1/min)

°C, F-103 = 2.698 m/s

T-1011M Hold

Step | Power | Heat flux | F-103 | T-003 Note
No. | (kW) | (W/em?) (mfs) | (°C) (°c) time
Total FPL/SBL
1 34.59 [10.237/10.14] 1.796 270.5 301.5
YODAC scanning
T-003 = 270.5 °C, T-1011M = 301.5 °C, F=103 = 1.796 n/s
HP-2116C start
HP-2116C stop
Bun 37(37)H~50-10 (No. 15, #13915)
Pump power down (~50 1/min)
Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
No. | (W) [ (Wemd) | (mfs) | (°O) °c) time
Total FPL/SBL
1 34.50 [10.12/10.16} 0.871 254.8 314.8
TODAC ecanning
T-003 = 254.8 °C, T-1011H = 314.8 °C, F-103 = 0.871 n/s
HP-2116C start
HP-2116C stop
Run 37(37)B-50-20 (No. 16, #13916)
SBL & FPL power up
Step | Powar | Heat flux F-103 T-003 T-1011¥ Hold Note
Wo. | (kW) [ (Wen?) | (m/s) | (°C) (°c) time
Total FPL/SBL
1 41.63 [12.50/12.11
2 50.29 |14.55/14.92
3 57.05 |16.39/16.99
4 65.46 118.66/19.57
3 69.16 120.17/20.45] 0.863 | 243.6 362.3

TOPAC scanning

T-003 = 243.6 °C, T-1011M = 362.3
HF~2116C start
HP-2116C stop

Run 37(37)H-50-30 (No. 17, £#13317)

SBL & FPL pouwer up

°C, F-103 = 0.863 n/s

| Step [ Power | Heat flux | F~103 |

T-003 | T-1011% | Hoid

l Note

14:59

15:00
15:01

15:07

15:15

15:17
15:18

15:23

15:27

15:28
15:29

15:34

15:46

15:47
15:48

o. (kW) (W/em?) (m/s)
Total FPL/SBL

(°0

(°c)

time

73.86 j21.60/21.79
83.74 (24.20/24.86
88.26 |26.45/25.70
93.20 |27.37/27.43
99.23 129.49/29.02

Pl B W

103.07 [30.10/30.43] 0.863

252.5

427.7

YODAC acenning

T-003 = 252.5 °C, T-1011M = 427.7
HP-2116C start
HP=2116C stop

Run 37(37)H-100-30 (No. iB, #13918)

Pump power up (~100 1/min)

°C, P-103 = 0.863 m/s

Step | Power | Heat flux | F-~103 | T-003 | T-1011M Hold Note
No. (kW) (W/cm2) (m/s) (°c) (*c) time
Total FPL/SBL
1 ]102.03 |29.66/30.20] 1.788 | 272.2 359.%
YODAC scanning :
T-003 = 272.2 °C, T-1011M = 359.4 °C, F-103 = 1,788 o/s
HP~2116C start
HP-2116C atop
Run 37(37)H~150-30 (No. 19, #13919)
Pump power up (~150 1/min)
Step | Power | Heat flux | F-103 | T-003 | T-101iH Hold Note
¥o. (kW) (W em?) (m/s) (*c) (°c) time
Total FPL/SBL
{_ 1 [104.68 [30.73/30.82] 2.690 264.1 323.5
YODAC scanning .
T-003 = 264.1 °C, T-1011M = 323.5 °C, P-103 = 2,690 o/s
HP=2116C start
HP-2116C stop
Run 37(37)H-200-30 (Ne. 20, #13920)
Pump power up {~200 1/min)
Step | Power [ Heat flux | F-103 | T-003 | T-1011H Hold Note
No. | (kW) | (Wem?) | (m/s) [ (°C) °c) time
Total FPL/SBL
1 104.92 [31.10730.73] 3.553 252.5 298.4

YODAGC scanning

T-003 = 252.5 °c, T-1011M = 298.4 °C, F-103 = 3,553 m/s

HP—2116C start
HP-2116C stop
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15:54
16:00

16:02
16:03

16:08

16:14

16:15
16:16

16:23
16:24

16:25
16:26

Run 37(37)H-200-20 (No. 21, #13921)

SBL & FPL power down

Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
No. (kW) (W en?) (a/s) (°cy {°c) time
Total | FPL/SBL
T 7 92.73 [26.49/27.70
2 | 82.65 [23.43/24.78
3 | 73.37 [21.08/21.85
% | 68.77 |20.13/20.28| 3.545 | 255.5 286 . 4
YODAC scanning
T-003 = 255.5 °C, T-1011M = 286.4 °C, ¥-103 = 3,545 w/s
HP-2116C start
HP-2116C stop
Run 37(37)8-100-20 (No. 22, #13922)
Pump power down (~100 1l/min)
Step | Powar | Heat Elux | F-103 | T-003 | T—-1011M | Hold Note
o (kW) (W/cmd} (m/s) (°c) ¢°c) time
Total | FPL/SBL
1} 67.93 [19.86/20.05] 1.773 | 252.4 309.5

YODAC scanning
T-003 = 252.4 °C, T-10114 = 309.5 °C, F-103 = 1.773 w/s

HP-2115C gtart

HP-2116C stop

Single-phage flow runs; series (2)

{examination of temperature profiles undre non—uniform heating)

Run 37(37)HA-100-25-4 (No. 23, #13923)

FPL power up {(center > periphery)

Step | Power | Heat flux | F-103 | T-003 | T-1011IM Hold Note
Ho. (kW) (W/cm?) {a/s) (°C) (°c) time
Total FPL/SEL
1 | 70.25 |21.80/20.05
2 | 72.69 {23.84/20.05
3| 73.19 [24.59/19.87] 1.780 | 259.3 327.3

YODAC scanning

T-003 = 259.

HP-2116C start
HP-2116C stop

Run 37(37)HA-100-25-B (No. 24, #13924)

3 °¢c, T-10114 = 327.3 °C, F-103 = 1.780 m/s

SBL power up {center = periphery)

| Step [ Power | Heat flux | F-103 | 7-003 | T~101IM | Hold [ yote

16:32
16:42

16:43
16:44

17:04

17:08
17:09

17:16

17:32

17:33
17:34

17:39

17:39
17:45

17:47
17:48

YODAC scanning :

003 = 272.4 °c, T-1011H = 341.8
HP-2116C start
HP-2116C stop

Run 37(37)HA~100-25-C (No. 25, #13925)

SBL power up (center < periphery)

No. (kW) (W/em?) (m/s) (°C) °c) time
Total FPL/SBL
T | 77.39 |24.59/2%.77
2 | 81.95 |24.59/23.84
3 | B2.17 |24.05/24.23f 1.780 | 272.4 | 34l.8

°C, F-103 = 1.780 n/s

Step | Fower | Heat flux | F-103 | T-003 | T-1011M Hold Note
Noo | (kW) | (Wem?) | (@/s) | (°0) ("o time
Total FPL/SBL
1 87.46 [24.05/26.63
2 91.14 (24.18/28.23
3 93.50 |24.22/29.28] 1.773 | 281.0 354.0
YODAC scanning
T-003 = 281.0 °C, T-1011M = 354.0 °GC, F~103 = 1.773 u/s
HP-2116C start
HP-2116C stop
Rua 37(37)HA-50-25~C (No. 26, #13926}
Pump power down {(~50 1/min)
Step | Power Heat flux | F-103 | T-003 T~1101M Hold Note
No. | (kW) | (Wen?) | (wfs) | (°0) e time
Total FPL/SBL
1 51.30 ]23.76/28.53| 0.855 | 275.6 424.5
TODAC scanning
T-003 = 275.6 °C, T-1011M = 424.5 °C, F-103 = 0.855 m/s
HP-2116C start
HP-2116C stop
Run 37 (37 )HA-50-25-B (No. 27, {#13927)
SBL power down (center = periphery)
Step | Power | Heat Tlux | F-103 | T-003 | T-1011M | Hold | more
No. | (kW) | (W/em?) (n/s) | (°C) °c) time
Total FPL/SEL
1 83.69 [24.46/24.70} 0.863 | 288.5 434 .3

YODAC scannlng

T-003 = 288.5 °C, T~101l1M = 434.3
P=-2116C start
HP-2116C stop

°C, F-103 = 0.863 m/s
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17:54
18:05
18:08

18:09
18:10

18:12
18:13

18:21
wk ok

0:20

9:18
9:18
9:18

Run 37(37)HA=50-25-A (No. 28, #13928)

SBL power down (center > periphery)

Step | Power | Heat flux | F-103 T-003 | T-101iM Hold
tio. (kW) (W/em2) (m/s) (°C) (°c) time
Total | FPL/SBL

Note

1 76.91 [24.46/21.62

2 73.92 124.46/20.27( 0.855 | 287.4 427.8

YODAG scanning
T-003 = 2B7.4 °C, T=-1011M = 427.8 °C, F-103 = 0.855 m/s
HP-2116C stare
HP-2116C stop
SBL & FPL power down and off

Circulation & purification operation

Pump off
Valve setting

Vi-101 ] VA-102 | V¥-103 | VE-104 | VG-109 | VB~110 |
100 %2 | opexr | 100 % | 1003 ] 100Z ] 100% |

Pump on (~150 1/min)
Change of the HP-2116C measurement network

1979.11.22

Circulation & heat-up operation

Auxiliary heater PowEer on
(temperature level change from 250 °C to 500 °c)

Thermocouple calibration run

Run 37(0)CAL-0150-139~C (No. 29, #13929)

YODAC scanning
T-003 = 542.9 °C, T-1011M = 544.1 °C, F~103 = 0.5% /g

Low-flow forced convection operation check

Auxiliary heater power on
Pump off
Valve settirg

| VE=101 | vA-107 | V103 [ Vi-10% | VE-109 | VA-110
180X [close | 100 £ | 100 % | 0 %] 0%

Pump on (~200 L/min)

Valve setting

VH-101 | VA-102 [ W-105 | VA-104 | VE-103 | Va-110 |
0072 ] open | 5% [ 100 % 1002 ] 07|

10:28 YODAC scanning
T-003 = 465.6 °C, T-1011M =.469.3 °C, F-103 = 0.039 n/s

Circulation and wixing operation

10:32 valve setting

Vi-101 | VA-102 TVH-103 | VE~104 | VE=109 | VE-110
100 % | opes [ T00X [ 100 Z | 100 £ | 0 %

10:35 Auxiliary heater power on
(sodium temperature ad justment from 460 °C to 480 °c)
10:46 Auxiliary heater power off

Low-heat-flux boiling run; serjes (1)
(examination of boiling conditfons under low-flow)

Run 37(37)LHF-200 (flow decrease method; No. 30, #13930)

10:47 Valve setting

VB-101 | vA~10Z | V-103 | VB-104 | VE=-109 | vB-110
1007C|openllOOleOOleODZl 0 %

10:50 Pump power adjust (F-103 = ~25 1/min)
10:53 SBL & FPL power on

Step | Power | Heat flux F-103 | 7003 | T-1011N Hold
¥o. (kW) (W/em?) /sy | (°c) (°c) time
Total FPL/SBL

Note

1 0.04 | 0.02/ 0.G0] ..... . N [
2 3.74 ) 1.12/ 1.19] ..... tewns . reean
3 8.46 | 2.73/ 2.36{ ..... . rean cruna
4 13.00 | 3.55/ 3.97 ...., cnae. e aenns
3 20.60 | 6.11/ 6.03| ..... PR tasea ceare
6 29.19 | 9.04/ 8.34] .,.... terea PR crran
7 41.32 [12.53/11.95| ..... aeea aeean

8 50.14 |1%.51/14.88] ..... rees fenas

9 61.08 (18.24/17.82( ..... taeea resen

10 67.38 119.91/19.77] ...,. even veses

11 68.21 (20.22/19.97( ..... eaas creme

12 71.76 123.20/19.97/ ..... remna fevan

13 73.534_[25.01/39.79[ 0.502 | 490.5 823.0

11:20 YoDAC scanning

T-003 = 486.4 °C, T-1011M = 747.0 °C, F-103 = 0.502 w/s
11:41 HP-2116C start
11:42° Valve close (VM-103: 100Z + 15%) and pump power down

’ 14 l 73.54 ,25.01/19.79‘ 0.199 [ 475.5 913.5 | seeee
is " " 0.

137 | 470.0 906.0

oo sa

I IB
B
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11:53
11:54
11:55

11:59

14:10

14122
14:23

14:48

14:53
14154

15:00
15:01
15:02

15:16
15:18

15:21

P-201 = ..... MPa, Tgae = (913.5) °C
Valve open (VM-103: 15% + 100%) and pump power up (~150 1/min)
HP-2116C stop

SBL & PPL power down and off

Circulation & mixing operation

Auxiliary heater power on
(sodium temperature adjustment from 480 °C to 520 °C)
Auxiliary heater power off

Low-heat-flux boiling runs; series (1) (continued)
(examination of bolling conditlons under low-flow)

Run 37({37)LHF-201 (flow decrease methed; No. 31, #13931)

Pump power adjust (F=103 = ~25 1/min)
SBL & FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011H Hold Note
No. (k) (H/fcm?) (m/s) £°c) (°c) time
Total FPL/SBL
1 0.03 | 0.027 0.00] +avue | oeuns
2 7.47 | 2,36/ 2.11] aesns N AP, .
3 18,79 | 5,91/ 5.32 ee0en aeer PR cevan
4 31,49 | 9.36/ 9.21 cuves | aenne [ e
5 46,33 [14.10/13.37] ..... PP cesnn [P
-3 55.95 [16.24/16.57] 4ecu: renen P ranes
7 68.34 |20.69/19.78] +sruee . [ P
8 74.51 (22.85/2L.41| +evas senes veren .
9 76.04 |24.85/21.02] ..... T T cesnn
10 72.29 [21.17/21.31] 0.480 | 516.0 740 cwuse
YODAC scanning
T-003 = 510.5 °C, T~1011M = 743.0 °C, F-103 = 0.486 n/s
KP-2116C start
Valve close (VM-103: 100% + 15%) and pump power dowm
11 72.29 21.17/21.31' 0.194 I 511.0 907.8 P I 1B I
1z |° " l " 0.217 | 510.0 913.5 | ..... B
P~201 = .c... MPa, Tgar = (907.8) °C

Valve open (VM-103:
HP=2116C stop
SBL & FPL power down and off

15% + 1002

Bun 37(37)LEF-202 (power increase methaod; No. 32, #13932)

Pump off
Valve setting

| VE-10) [ VA-102 | VH-103 | vB-104 | YH-109 | VE-110 |
17100 £ | close | 3 % | 100 % | 0% ] 0 % |

Pump on {(F-103 = ~2 1/min)

15:26

15:37

15:39
15:40

15:45

15:48

16:01

16:03
16:04

16:11
16:12
16:13

16:15
16:16

SBL & FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-101l1M Hold Note
No. (kW) | (W/em?) (/=) | (°©) (°c) tine
Total FPL/$BL
1 0.04 | 0.037 0.00] «vuve | wvens
2 3.48 | 1.08/ 0.99] ..... .
3 8.33 | 2.57/ 2.38] ..... [
4 11.74 3,51 3.42] seses pasas | saesa sesen
5 17.11 4.95/ 5.08] 0.070 481.0 | .een. ceves
YODAC scanning
T-003 = 481.7 °C, T-10L1M = 879.7 °C, F-103 = 0.063 m/s
HP-2116C start
SBL & FPL power up
] [ \ 20.34 | 6.03/ 5.96| 0.076 | 467.0 ‘ cares eaeen
7 22.07 § 6.84/ 6.30| 0.086 | 463.5 908.5 ssass | IB
P~201 = ..... MPa, Tgap = 908.5 °C
Valve setting
VE-101 ] VA-102 | VM-103 | VB-104 | VE-109 [ vd-110 |
100 % | close | S% { 1007 | 0% | [
HP-2116C stop
Run 37{37)LHF-203 (power increase method; No. 33, £#13933)
YODAC scanning
T-003 = 416.2 °¢, T-1011M = 757.5 °C, F-103 = 0.110 m/s
HP~-2116C start
SBL & FPL power up
Step | Power | Heat flux | F=103 | T-003 | T-1011M Hold Note
No- (kW) (W/cm?) (m/8) (°c) (°c) time
Total FPL/SBL
1 23.88 | 7.37/ 6.83] ..cu. caven veren | mmses
2 29.58 | B.64/ 8.73| 0.090 | ..... e vesas
3 33.20 9.84/ 9.72| ....- 41642 | eenns A
[ 36.31 |10.76/10.63] ..uvs | eauns . naes
5 40.95 {10.76/12.73| 0.110 | 406.0 910.0 | ..... IB
6 42,31, (11.91/12.73)| 0.112 | 406.0 913.5 vesss | B

. P-201 = ..... MPa, Tggy = 910.0 °C
Valve open (VM-103: 5% + 20%)
HP-2116C stop
SBL & FPL power down and off

Circulation & mixing operation

Pump off
Valve setting

| VE=101 | VA-102 | V#4103 | VA-104 | VE-109 | VH-110 |
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16:18

16:20

17:37
17:39

18:30
18:50

20:31

| 100% | open | 1002 | 100% | 100 % |

100 % |

Re~setting of the preheater power controller
(changed from 500 %25 °C to 250 25 °G)

Pump on (~150 1/min)

Chen-type vold-meter & thermocouple calibration run

Run 37(0)CAL-0150-139-D (Mo. ..., #13934)

HP-2116C start
HF=2116C stop

Pump off

Sodium drain

Preheater power off

96-68 THENS DNd




— 9€T —

15:30

15:40

Record of the l40th operation 9:07

1979.12.4

8:30 Preheater power on 9:11
{aiming temperature level = 250 *23 °C) 9:14

14:40 Sodium charge

(sodium level = EL-9100 mm)

Circulation & purification operation 9:16

Valve setting

VE-101 | VA-102 [ vM=103 | vB-104 [ VH-109 [ VH-110 |
100 £ | open | 100 % | 100 %2 | 100 % | 100 % |

Pump on (~150 1/min)

Thermocouple and flow-meter calibration runs 9:28

Run 37(0)CAL-0150-140-4 (No. 34, #14001)

16:07 YODAC scanning
T-003 = 282.5 °C, T-101IM = 284.8 °C, F~103 = 0.588 n/s
9:28
1979.12.5
Run 37(0)CAL-0-140 (No. 3%, #14002)
B:40 Pump off
8:42 Valve setting
VH-101 | VaA-102 | VM-103 ] vE-104& | VH-109 [ VH-110
100 Z | close | 0% | 1007 | 07 | [
9:48
8:53 YODAC scanning.
T-003 = 271.5 °C, T-101IM = ..... °C, F=103 = -0.008 m/s 9:52
Run 37(0)CAL~0100~140 (No. 36, {#14003) 9:53
9:54
8:55 Valve setting
VE~10F | VA-102 | V=103 | ¥B~-104 | VHE~109 | v&-110
100 % | close | 100 ¥ [ 100 X | 0% | [
8:56 Pump on (~100 1/min}
9:00 YODAC scanaing o
T-003 = 271.6 °C, T-1011M = 273.8 °C, ¥-103 = 1.835 n/s
Run 37({0)CAL-0150-140-B {No. 37, #14004) 9:58
9:04 Pump power up (~L50 I/min) 10:04

YODAC scanning
T-003 = 269.2 °C, T-101IM = 271.4 °C, F-103 = 2.667 m/s

Run 37(0)CAL-0200-140 (No. 38, #14005)

Pump power up (~200 l/min)
YODAC scanning
T-003 = 269.6 °C, T-1011M = 271.7 °C, F-103 = 3,608 n/s

Run 37(0)CAL~0260-140 (No. 39, #14006)

Pump powexr up (~260 1/min)
YODAC scanning
T-003 = 271.0 °¢, T-1011IM = 273.5 °C, F-103 = 4.690 n/s

Single—phase flow runs; series (2) {continued)
(examination of temperature profiles under non-uniform heating)

Run 37(37)HA-260-25-A (No. 40, {#14007)

SBL & FPL power on (center > periphery)
(central 13 pins are connected to FPL and peripheral 24 pins are

to SBL)
Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
No. (kW) (W/em?) (m/s) (°c) (°c) time
Total | FPL/SBL
T 0.48 | 0.037 0,01
2 7.33 | 5.18/ 0.52
3 10.44 | 5.18/ 1.93
& 17.34 | 5.18/ 5.06
5 23.33 | 6.70/ 6.95
6 34.48 | 9.90/10.27
7 44.04 (13.22/12.81
8 51,47 [15,17/15.12
9 61.63 [18.42/17.97
10 68.50 [20.63/19.88
11 | 74.69 |25.38/20.12] 4.B63 | 286.1 | 315.4

YODAC scanning

T-003 = 286.1 °C, T-1011M = 315.4 °C, F-103 = 4.863 m/s
HP-2116C start
HP-2116C stop

Run 37 (37)HA-260-25-B (No. 41, #14008)

SBL power up {center = periphery)

Step | Power | Heat flux j F-103 | T-003 | T-1011Y Hold Note
Ho. (kW) (W/cm?) (nf8) (°C) (°c) time
Total FPL/SBL

79.65 {24.80/22.68

1
2 85.04 125.23/24.89] 4.894 291.3 321.5 |

YODAC scanning
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10:05
10:06

10:11
10:14

10:15
10:16

10:30

10:31
10:32

10:36

10:36
10:45

10:46
10:47

T-003 = 291.3 °¢, T-1011M = 321.5 °C, F-103 = 4.89 m/s
HP-2116C start
HP~2116C stop

Run 37 (37)HA-260-25-C (No. 42, #148009)

SBL power up {ceater < periphery)

Step | Power | Heat flux | F-103 | T~003 | T-1011lH Hold Note
No. | (WD) | (Wem?) | (w/s) | (°C) e time
Total FPL/SBL
1 92.14 {25.23/28.11
F 95.25 [24.51/29.91] &.76)1 | 289.7 320.4
YODAC scanning ' )
T-003 = 28%.7 °C, T-1011M = 320.4 °C, F-103 = 4,761 mfs
HP-2116C start
HP-2116C stop
Single-phase flow runs; series (1) (continued)
(examination of temperature profiles under uniform heating)
Run 37 (37)H-260-40 (No. 43, #14010)
SBL & FPL power up
Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
No. (W) (H/co?) (m/3) °c) °c) time
Total FPL/SBL
1 |M0.82 [29.17/29.91
2 |118.01 |34.84/34.63
3 |123.79 [39.34/34.82
4 1125.56 [39.98/35.82( 4.769 [ 301.6 347.8
YORAC scauning
T-003 = 301.6 °C, T~101lM = 347.8 °C, F=-103 = 4.769 n/s
HP-2116C start
HP-2116C stop
Run 37(37)H-200-40 (No. &4, #14011)
Pump power down (~200 1/min)
Step | Power | Heat flux | F-I03 | T-003 | T-101IM Hold Note

Bo. [ (W) | (w/em®) | (wfe) | (*C)
Total FPL/SBL

{°c) time

1 1128.92 [39.18/37.24] 37545 | 303.6 365.1

YOPAC scanning

T-003 = 303.6 °C, T-1011M = 365.1 °C, F=-103 = 3.545 ofs
HP~2116C start
HP~2116C stop

Rur 37(37)H-150-40 (No. 45, #14012)

10:48

10:55

10:56
10:57

10:58

11:08

11:09
11:10

11:13

11:16

11:17
11:18

11:19

11:19
11:28

11:29

Pump power down (~150 L/min)

Step | Power | Heat fiux | E-103 | T-003 | T-1011M | Hold | moce
Wo. | (kW) | (W/em?) (/s) | (°C) (°c) tive
Total FPL/SBL
] 1 1131.76 [39.50/38.35[ 2,588 | 297.0 380.5
YODAC scanning
T-003 = 297.0 °¢, T-1011M = 380.5 °C, F-103 = 2.588 m/s
HP-2116C starte
HP=2116C stop
Run 37(37)B-100-40 (No. 46, #14013)
Pump power up (~100 1/min)
Step | Power | Heat flux | F-103 | 1-003 | T-1011M Hold Note
No. | (¥W) | (Wem?) | (w/a) | (°C) (°c) time
Total FPL/SBL
1 [131.57 |39.05/38.50] 1.718 | 288.3 411.0
YODAC scanning
T-003 = 288.3 "¢, T-1011M = 411.0 *C, F-103 = 1,718 m/s
HP=-2116C start
HP-2116C stop
Run 37(37)H-100-50 (No. 47, #14014)
8BL & FPL power up
{SBL power reached full power level)
Step | Power Heat flux F-103 T-003 T-1011M Hold Note
No. (kW) (W em2) (w/s) (°c) (°c) time
Total FPL/SBL
1 [iad1r.08 [44.77/39.72
2 [144.75 |47.84/39.72
3 [147.28 [50.12739.63] 1.718 | 2B8.4 437 .8
YODAC scanning
T-003 = 288.4 °C, T-1011M = 437.8 °C, F-103 = 1.718 nfs
HP-2116C atart . .
HP-2116C stop
Run 37(37)H-150-50 (No. 48, #14015)
Pump power up (~150 1/min}
Step | Power | Heat flux | F-103 | T-003 | T-101iH Hold Note

¥o. kW) ¢W/cn) (n/s) (°c) ey tine
Total FPL/SBL

1 [144.83 [49.14/39.05] 2.737 | 315.3 409.1

YODAC scanning .
T-003 = 315.3 °¢, T-1011M = 409.} °C, F~103 = 2.737 u/s
HP=2116C start
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11:30

11:31

11:;39

11:40
11:41

11:43

11l:47
11:48
11:49

11:53
11:54

13:09

13:09

13:19

13:27

HP-2116C stop

Run 37(37)H-200-50 (No. 49, #14016)

Pump power up {~200 l/min)

Step | Power | Heat flux | F-103 | T-003 [ T-1011M Hold Note
No. | (kW) | (Wem®) | (wfs) [ (°C) (°e) time
Total FPL/SBL
1 147 .65 [49.78/39.98| 3.608 320.0 393.3
YODAC scanning
7-003 = 320.0 °C, T-10114 = 393.3 °C, F~103 = 3.608 m/s
HP-2116C start
HP-2116C stop
Run 37(37)H-260-50 (No. 50, #14017)
Punp power up (~260 1/min)
Step | Power | Heat Flux | F-103 | T-003 | T-101iM Hold Note
No. | (W) | (Wew?) (fs) | (°C) (*c) time
Total FPL/SBL
1 [147.89 [49.85/40.05] 4.761 | 327.0 383 .6

TODAC scanning

T-003 = 327.0 °C, T-1011M = 383.6

HP-2116C start
HP-2116C stop

$BL & FPL power down and off
Pump power down {~150 1/min}

Single-phase flow runs; series (2) {continued)

°c, F-103 = 4.761 nfe

(examination of temperature profile under non—uniform heating)

Run 37(37)HA-150-25-A (No. 51, #14018)

SEL & FPL power on (center > periphery)

Step | Power | Heat flux | F-103 | T-003 | T~1011M Hold Note
No. | (kW) | (W/ew?) | (afs) | (°O) & time
Total FPL/SBL

1 3.21 1.85/ 0.45

2 9.76 | 4.83/ 1.81

3 20.61 | 6.47/ 5.84

4 27.35 | 7.96/ 8.09

3 44.26 |13.21/12.90

6 57.90 |17.55/16.75

7 71.70 122.53/20.31

8 71.97 [24.09/19.58] 2.682 294.2 342.0

YODAC scanning
T-003 = 294.2 °¢, T-1011M = 342.0 °C, F=103 = 2.682 m/s

13:28 HP-2116C start

13:29 HP-2116C stop

13:31

13:39

13:40
13:41

13:42

13:53

13:54
13:55

13:56

14:01

14:02
14:03

14:04

14:07

14:08
14:09

Run 37 (37 )HA-200-25-4 (No. 52, #14019)

Pump power up (~200 1/min}

Step | Power | Heat flux [ F-103 | T-003 ; T-10I1H Hold Note
No. | (k) | (Wiemd) | (w/s) | (°0) (°c) time
Total FPL/SBL
1 71.81 [24.09/19.51| 3.553 | 294.4 331.1
YOPAC scanning
T-003 = 294.4 °C, T-1011M = 331.1 °C, F-103 = 3.553 m/s
HP-2116C start
HP-2116C stop
Run 37(37 )HA-100-25-AA (No. 53, #14020)
Pump power down (~i00 1/min)
Step | Power | Heat flux § F-103 T-003 T~1011H Hold Hote
No. (kW) (W/emd) (nis) (°cy {*c) time
Total FPL/SBL
1 69.68 [23.35/18.94] 1.725 | 294.1 365.3
YODAC scanning
T-003 = 294.1 °C, T-1011M = 365.3 °C, F-103 = 1.725 n/s
HP-2116C start
HP-2116C stop
Run 37(37 )HA-100-25-BA {No. 54, #14021)
SBL power up {center = periphery)
Step | Power | Heat flux | F-103 | T-003 | T-101l1M Held Note
¥o. | ¢y | (w/e?) | (w/e) | (°0) ("o time
Total FPL/SBL
1 87.19 125.27/25.80| 1.733 § 292.4 372.6
YODAC scanning
T-003 = 252.4 °¢, T-1011M = 372.6 °C, F-103 = 1.733 n/s
#P-2116C start
HP-2116C stop
Run 37(37)HA~150-25-8 (No. 55, #14022)
Pump power up {~150 I/min)
Step | Power | Heat flux | F-103 003 T-1011M Hold Hote
¥o. (kW) (W/cm?) (n/8) (°c) (°c) time
Total FPL/SBL
1 B7.58 [25.46/25.92] 2.674 | 307.9 360.2

YODAC scanning

T-003 = 307.9 °C, T-1011M = 360.2 °C, F-103 = 2.674 n/s
HP-2116C start
HP~2116C stop
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14:10

14:20

15:21
14:22

14:25

14:27

14:28
14:29

14:30

14:43

14:44
14:45

14:46

14:54
14:55

Run 37(37)HA-200-25-B (No. 56, #14023)

Pump pawer up (~200 1/min)

Step | Power | Heat flux | F~103 [ T-003 [ T-101IH Hold

Note
No. [ (k@) | (Wem?) | fs) | (°C) ¢°cy time
Total FPL/SBL
1 8%9.10 125.85/26.39] 3.576 | 297.9 338.2
YODAC scanning
T-003 = 297.9 °C, T-1011M = 338.2 °C, F-103 = 3,576 m/s
HP~2116C start
HP~2116C stop
Bun 37(37)HA-200-25-C (No. 57, #14024)
SBL power up {center < periphery)
Step | Power | Heat flux | F-103 [ T-003 | T-101ind Hold Note
Ro. | (kW) | (Wew?) | @/e) | (°0) (°c) time
Total FPL/SBL
1 92.46 |25.85/27.92
2 96.71 25.90/29.82} 3.616 | 295.0 336.2
TODAC scanning
T-003 = 295.0 °C, T-1011M = 336.2 °C, F-103 = 3.616 m/s
HP~2116C start
HP-2116C stop
Run 37(37)HA-150~25-C (¥eo. 58, #14025)
Pump power down (~150 1/min)
Step | Power | Heat flux | F-103 | T-003 T T-I0IIM Hold Note
No. { (&) | (Wemd) | (w/s) | (°C) °c) time
Total FFPL/SBL
1 96.34 |25.40/29.92] 2.643 | 301.0 355.6
YODAC scanning
T-003 = 301.0 °C, T-101lM = 355.6 °C, F-103 = 2.643 uw/s
HP=2116C start
HP-2116C stop
Run_37(37 )HEa-100-25-CA (No. 59, #14026)
Pump power down (~100 1/min)
Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note

Wo. | (kW) | (W/em?) | (m/s) | (°C) o) time
Total FPL/SBL

1 96.83 [25.33/30.18] 1.773 | 296.5 377.9

YODAC scanning )
T-003 = 296.3 °C, T-1011M = 377.9 °C, F-103 = 1.773 n/s
HP~2116C start

14:56

14:57

14:57
14:58

15:02

15:03
15:04

15:06

15:12

15:13
15:14

15:16

15:23

15:24.

15:25

15:26

15:35

HP-2116C stop

Run 37(37)HA~-100-35-A (No. 60, #14027)

FPL power up (centar > periphery)

Step | Power | Heat flux | F-103 | T-003 | T-10LIM Hold

Note

No. [ (&) | (W/em?) | (m/s) | (°C) °c) time
Total | . FPL/SBL
1 [102.94 [30.45/30.18
2 ]107.40 |34.56/29.98) 1.757 | 295.0 397.2
YODAC scanning
T T-003 = 295.0 °C, T-1011M4 = 397.2 °C, F-103 = 1,757 /s
HP—-2116C start
HP-2116C stop
Run 37(37)HA-150~35-A (No. 61, #14028)
Pump power up (~150 1/min)
Step | Power | Heat flux [ F~103 | T-003 | T-1011H Hold Note
Woo [ (kW) [ (W/em?) [ (ofs) | (°C) (°c) time
Total FPL/SBL
1 ]105.29 [35.15/29.25] 2.698 | 309.8 375.9
YODAC scanning
T-003 = 309.8 °¢, T~1011M = 375,9 *C, F-103 = 2.698 m/s
HP-2116C start
HP-2116C stop
Run 37 (37 YHA=200-35-A (No. 62, £#14029)
Pump power up (~200 1/min)
Step | Power | Heat flux | £-103 | T-003 | T-1011M Hold Note
Noo | (kW) | (Wem?) | (w/e) | (°0) (°c) time
Total FPL/SBL
| i 108.69 [34.91/30.37T 3.600 308.8 360.9
YODAC scanning
T-003 = 308.8 °C, T-1011M = 360.9 °C, P-103 = 3.600 m/s
HP-2116C start
HP-2116C stop
Run_37(37)HA~260-35-A (No. 63, £#14030)
Pump power up (~260 1/min)
Step | Power | Heat flux F-103 | T-003 T-1011M Hold Note

No. (kW (W/em?) (m/8) °c) (°cy time
Total FPL/SBL

1 [108.29 [34.77/30.26] 4.784 | 306.5 346.5

TODAC scanning

96-68 T¥6NS DNd




— 01 —

15:36
15:37

15:39

15:46

15:47
15:48

- 15:49

15:56

15:55
15:56

15:57

16:10

16:11
16:12

16:13

T-003 = 306.5 °C, T-1011M = 346.5 °C, F=103 = 4.784 o/s
HP-2116C start
HP-2116C stop

Run 37(37)HA-260-35-B (No. 64, #14031)

SBL power up (center = periphery)

Step Power Heat flux F-103 T=-003 T=-1011M Held Hote
No. (kW) (¥/cm?) (n/8) (&)} (°c) time
Total FPL/SBL
1 119.756 [35.46/35.09] 4.830 307 .1 348.2
YODAC scanning
7-003 = 307.1 °C, T-1011¥ = 348.2 °C, F-103 = 4.839 u/s
HP-2116¢ start
HP-2116C stop
Run 37(37 )BA-200-35-B (No. 65, {#14032)
Punp power down (~200 1/min)
Step | Fower | Heat flux | F-103 | T-003 | T-1011M | Hold | qote
¥o. | (KW (W/en?) (a/8) (°c) (&) time
‘Total FPL/SBL
1 1129.22 [35.20/34.99] 3.474 | 299.1 354.2
TODAC scanning
T-003 = 299.1 °C, T-1011M = 354.2 °C, F-103 = 3,474 n/s
HP=2116C start
HP-2116C stop
Run 37(37)HA-150-35~B (No. 66, #14033)
Punp power down (~150 1/min)
Step | Power | Heat flux | F~103 | T-003 | T-1011IM Hold Note
No. (kW) (W/em?) (w/a) e (G(+] time
Total FPL/SBL
1 [118.36 [34.77/34.83] 2.761 | J302.6 370.8
TODAC scanning
T~003 = 302.6 °C, T-101iM = 370.8 °C, F=103 = 2.761 m/s
HP=-2116C start
HP-2116C stop
Run 37(37)HA-100-35-B (No. 67, #14034)
Pump power down (~100 1/min)
Step | Power | Heat flux ¥-103 | T-003 | T-101liM Hold Note

Wo. | (kW) | (Wem?) | (mfs) | (°O) (°c) time
Total FPL/SBL

1 J118.83 [34.91/34.97] 1.718 | 285.4 394.0

16:24

16:25
16:26

16:27

16:36

16:37
16:38

16:39

16:46

16:47
16:48

16:49

16:56

16:57
16:58

16:59

YODAC scanning

T-003 = 285.4 °C, T-101lH = 394.0 °C, F-103 = 1.718 n/s
HP-2116C start
HP-2116C stop

Run 37 (37)HA-100-35-C (No. 6§, #14033)

SBL power up (center { periphery)

Step | Power | Heat flux | F=103 | T-003 T-1011M Rold

Hote
No. | (kW) | (Wem?) | (@/s) | (°C) ("o time
Total FPL/SBL
1 [124.09 [34.91/37.36
2 1128.61 |34.60/39.57]| 1.702 | 282.6 395.0
YODAC scanning ' '
T-003 = 282.6 °C, T-1011M = 395.0 °C, F=103 = 1.702 n/s
HP-2116C start
HP=-2116C stop
Bun 37(37)HA-150-35-C (No. 69, #14036)
Pump power up {~150 1/min)
Step | Power | Heat flux | F~103 [ T-003 | T-1011M Hold Note
No. | (&) | (Wea?) | (ofs) | (°0) *0) time
Total FPL/SBL
1 130.45 [35.08/40,15] 1.937 300.3 372.1
YODAC scanning
T-003 = 300.3 °C, T-1011M = 372.1 °C, F=-103 = 1,937 no/s
HP=2116C start
HP-2116C stop
Run 3737 )HA-200=-35-C {No. 70, #14037)
Pump power up (~200 l/min)
Step | Power | Heat flux | F-103 | T-003 [ T-1011M Hold Note
No. | (kW) | (Wem2) | (m/s) | (°C) (°c) time
Total FPL/SBL
| 1 [132.45 [35.52/40.81] 3.639 | 303.3 358.1
YODAC scanning
T-003 = 303.3 °C, T-101IM = 358.1 °C, P=-103 = 3.639 n/fs
HP-2116C start
HP-2116C stop
Run 37 (37 )HA=-260=-35=C (No. 71, #14038)
Pump power up (~260 1/min)
Step | Power | Heat flux | F-103 | T-003 { T-1011M Hold Note

No. (xW) (W/em?) (mfs) (°c) (°c) time
Total FPL/SBL
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|1 Ti31.07 [35-00/40.47] 4.769 | 307.0 | 348.8 ]

17:05 YODAC scanning
T-003 = 307.0 °C, T-1011M = 348.8 °C, F-103 = 4.769 m/s
17:06 HP=-211KC start
17:07 HP-2116C stop
17:08 SBL & FPL power off
Circulation & purification operation
17:10 Pump off
17:12 vValve setting
V=101 VA-102 VM-103 VH-104 VH-109 VH-110
100 % open 100 % 100 2 100 % 100 %
17:18 Pump on (~150 1/min)
**:%%  Change of the HP-2116C measurement network
Circplation & heat-up operation
23:35 Auxiliary heater power on
(temperature level change from 250 °C to 500 °C)
1979.12.6
7:05 Re-setting of the preheater power controller
(changed from 250 %25 °C to 500 #25 °¢)
Thermocouple and flowmeter calibration runs
Run 37(0)CAL-0150-140-C (No. 72, #14039)
8:50 YODAG scanning
T-003 = 498.8 °C, T-1011M = 501.6 °C, F-103 = 0.580 n/s
9:03 Auxiliary heater power off
Run 37 (0)CAL-05-140 (No. 73, #14040)
9:03 Pump off
3:04 Valve setting
VH-101 | VA-102 | V1103 | VH-104 | VH-109 | VE~110 |
100 ¥ | close | 100 2 | 100 & | 0% | [
9:07 Pump on (~5 1/min)
9:13 YODAC scanning

T-003 = 476.9 °C, T-LOl1M = 488.0 °C, F-103 = 0.173 o/s

Low-hear—flux boiling runs; series (1) (continued)
(exanmination of boiling condition under low-flow)

Run 37(37)LHF-210 {power increase method; No. 74, #14041)

10:02

10:03

10:11

10:19

10:20
10:21

Pump off
Confirmmation of flow-meter offset
Valve setting

VH-101 | VA-102 | VH-103 | VA-104 | VB-109 | Vi-110
100 % | close | 2.5 2% | 100 % | A 0%

Pump on (~1 1/min)
SBL & FPL power on

Step | Power | Heat flux | F-103 | 1-003 | T-LO1IM Hold Note
No. | (kW) | (Wemd) | (w/s) | (°C) e time
Total FPL/SBL
1 0.05 0.037 0.01] ... [ .-... ceses vesan
2 3.32 1.02/ 0.95} 0.031 cenea enaas PRI
3 6.37 1.99/ 1.81 " ceses besas P
4 9.79 | 2.91/ 2.86 N vaees faens s
3 11.49 | 3.34/ 3.40] 0.030 | 438.1 870.0 17307
Valve re-setting
VH-101 | VA-102 | V103 | VE-10%4 | VA-109 | VB-110
100 Z | elose | 2.5 % | 0% | 0 % | 100 %
YODAC seanning
T-003 = 438.1 °c, T-101iM = 888.0 °C, F-103 = 0.031 n/s
HP-2116C start
SBL & FPL power up
[ 13.80 4.10/ 4.03] G.033 438.1 e treae
7 15.19 | 4.49/ 4.45[ 0.033 " 914.0 211" IB
8 16.638 4.93/ 4.89| 0.038 i 913.5 1'41” B
P-201 = 0.1059 MPa, Tg,e = 914.0 °C
Valve setting
VE-101 | VA-102 [ w103 | VE-104 [ VE=109 [ vH-110
100 2 { elose | 4.5 # | [ 0% | 100%
HP-2116C stop
Run 37 (37)LHF-212 (power inerease method; No. 75, 140422
SBL & FPL power up
Step | Power | Heat flux | F-103 | T-003 | T-LO0L1M Hold Note
No. () (W/ex?) (w/s) | (°C) (°cy time
Total, FPL{SBL
1 22.56 ] 6.81/ 6.54] 0.067 | ..... eeane 10'00"

YODAC scanning

T-003 = 403.8 °c, T-1011M = 838.4 °C, F-103 = 0.071 n/s
HP-2116C start
SBL & FPL power up
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10:29

10:31

10:44
10:45
10:46

10:49
10:51

10:53

10:54

11:05

11:06
11:07

11:10
1l:12

11:14

2 27.08 | 8.08/ 7.90| 0.067 | 403.8 S e
3 28.51 | 8.49/ 8.33| 0.066 " 912.8 157" ha:}
[ 30.44 | 8.96/ 8.95] 0.070 i 910.6 2'08" | B
P-201 = 0.1059 MPa, Tgap = 912.8 °C
Valve setting
| ¥B=101 ] VA-102 | ve-103 | VH-104 | VB-109 | vu-110
|~ 100 £ | close | % % | 0% | 0% | 100 %
HP-2116C stop
Run 37(37)LHF-214 (power increase method, No. 76, #14043)
Step | Power | Heat fiux | F-103 | T-003 | T-1011M Hold Note
No. | (k) | (w/emd) | (afs) | (°C) {°c) time
Total FPL/SBL
1 31.69 9,35/ 9.31] 0.102 524.5 840 12*30"
YODAC scanning
T-003 = 424.5 °C, T-1011M = 837.7 °C, F-103 = 0.102 ofs
HP-2116C start
SBL & FPL power up
2 35.03 [10.35/10.27] ..... 424.5 | ceae. enansa
3 35.57 |10.43/10.48( +ec.- " neas cenes
4 33.80 J11.43/11.40| 0.118 i 909.0 1'58" | IB
P-201 = ..... MPa, Tgap = 909.0 °C
Valve setting
VE-10L | VA-102 | Vi-103 | VE-104 | VE-109 | VE-110
100 Z | close | 8 Z | D% | 0% | 100 %
HP-2116C stop
Run 37(37)LEF-215 (power increase method, No. 77, #14044)
Step | Power | Heat flux [ F-103 | T-003 [ T-1011H Hold Note
No. | (k@) | (Wen?) | (wfe) | (°O) °c) time
Total FPL/SBL
| 1 39,06 |11.51/11.47[ 0.127 | 437.8 834.3 14'00™
YODAC scanning
T-003 = 437.8 °C, T-1011M = 850.6 °C, F-103 = 0.133 nfs
HP-2116C scart
SBL & FPL powar up
2 %3.35 [12.71/12.77] 0.127 | 437.8 855.0 veenn
3 45.62 |13.43/13.41| 0.127 " 991.5 1507 | IB
4 48.88 |14.43/14.35] 0.131 " 905.5 1'53" | B

P~201 = ..... MPa, Tgge = 901.5 °c
Valve setting

11:15

11:28

11:29
11:30

11:32

11:35

11:38

11:39

11:44

11:47

11:48
11:54

* 11:54

11:58
12:58
13:23

13:23

| IO [ VA-102 [ VW-103 | VA-104 | VE-109 | VE-110
| 100 Z | close | 10 % | 0% | 0% [ 100 %

HP-2116C stop

Run 37(37)LHF-216 {power increase method; No. 78, #14045)

Heat flux | F-103 | T-003 | T-1011lM

Hold

96-C8 THENS ON

Step | Power Note
No- | (kW) | (W/em?) | (/) | (°0) (°c) tioe
Total FPL/SBEL
1 49.65 [14.66/14.57] 0.168 | 466.6 848.5 13'45"
YODAC scanning
T-003 = 466.6 °G, T-10L1M = 863.6 °C, F-103 = 0.165 n/s
- HP=2116C start
SBL & FPL power up
2 52.37 |L5.44715.38] suuen 466.6 veans canse
3 55.60 [16.31/16.37] «evue " veses | aneas
4 58,75 {17.20/17.32{ 0.173 " 905.0 245" | IB
5 62.42 |18.36/18.36| 0.180 " 912.5 148" | B

P-201 = .,... WPa, Tgae = 905.0 °C
Valve setting

VE-10L | VA-10Z | VM-103 | VE—104 | VE-109 | VB-110 |
100 % | close | 13 % | 0% | 0% | 100% |

HP-Z116C stop

Cireulation & mixing operation

SBL & FPL power emergency scram
(warning of a smoke detector)

Valve setting

| "VE=101 [ VA-102 | vi-103 | VA-104 | VE-109 | VH-110 |
{100 % | close | 100 % | 0% | 0% | 100 % |

Pump on (~100 1/min)
Pump off
Valve setting

VA-101 | VA-102 | AM-103 | VB~104 | VH-109 | VH-110 I
100 % open 100 % 100 % 100 % 100 %

Pump on {(~150 1/min)
Auxiliary heater power on
Auxiliary heater power off

Run 37(37)LHF-211 (power increase method; Wo. 79, #14046)

Pump off
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13:24 Valve setting

VE-101 | VA-102 | V¥-103 | VA-104 ]

VE-109 [ Vd-110 |
100 % | eloge | 37 [ 100 774 0% | T1oo0Z |
13:25 Pump on (~t 1/min)
13:29 SHL & FPL power om
Step Power | Heat flux F-103 T-003 | T-1011M Hold Note
Ho. | (kW) | (W/co?) /sy | (") (°c) time
Total FFL/SBL
1 0.05 G.037 0.01] 0.024 . . e
2 4.73 | 1.55/ 1.30 ..... P PR e
3 7.96 | 2.37/ 2.32| ..... . [ [
4 9.49 | 2.76/ 2.81| ..... eves R
5 11.27 3.307 3.32] ..... [P tesan tanae I8
6 9.76 | 2.86/ 2.88 ..... R . tsean | B
7 7.04 | 2,06/ 2.07| ..... P P “ses | B
8 3.21 | 1.52f 1.54] ..... crren aaes venes | B
9 0 o/ 0 ceens vaee tenns ceaan
SBL & FPL power manual-scram
13:40 Pump off
13:42 Confirmation of flow-meter offset § valve throttling
13:47 Pump on (~1 1/min)
13:48 SBL & FPL power on
10 4.20 § 1.30/ 1.20f ..... crees asea P
11 6.46 1.92/ 1.8%] ..... T [T e
14:08 12 11.44 3.40/ 3.35] 0.0631 411.2 792.2 13715
14:12 YODAC scanning
T-003 = 411.2 °C, T-1011M = 812.4 °C, F-103 = 0.031 /s
14:13 HP~2116C start
14:14 SBL & FPL power up
13 13.45 3.987 3.94] T, canaa cenes .
14:17 14 16.60 | 4.90/ 4.87| 0.027 venns 910.0 1'25" 1B
15 19.40 | 5.66/ 5.73| ceuns . [P veaes | NB
16 19.98 | 5.84/ 5.90| ..... P - raaan NB
14:21 17 21.86 | 6.40/ 6.44] 0.051 | ..... 908.8 1'42" | B

14:23 Valve setting

P-201 = 0.1030 MPa, T, = 910.0 °C

| vH-101 T VA-102 | VH-103 | VA-104 | VE-109 | VE-110

|__100°% | <close

oz

[ 100 % |

14:24 ®P~2116C stop

[ 552 0%

Run 37(37)LHF-213 (power inecrease methed; No. 80, #14047)

14:30 Pump power up (~5 /min)
14:38 Valve re-setting

14:46

14:47
14:48

14:57

14:59

15:00
15:01

15:05

15:14

15:15
15:16

15:21
15:23

15:25

15:30

I VR-101 | VA-10Z [ V3-103 | VA-104 | VE-109 | vA-110

100 % | close | 5 % ] 0% ] oz | 100% |
Step | Power | Heat flux | F~103 | T—003 | T-10LIN Hold Note
No. (kW) (W/em?) (m/s) (°C) (°e tine
Total FPL/SBL
| 1 23.11 6.84/ 6.78] 0.090 | 443.1 775.2 10t00"
YODAC scanning
T-003 = 443.1 °G, T-1011M = 795.6 °C, F-103 = 0.094 mfa
HP-2116C start .
SBL & FPL power up
Z [ 2756 [ 8167 8.03] vom | T T
3 30.37 | 8.92/ 8.94) vurue [ vunnn veenns [P
4 33.44 | 9.85/ 9.83| ..... | ...l Paeen R
5 36.76 [10.83/10.80| 0.097 | ..... 903.6 119" IB
6 41.95 [12.29/12.36]{ 0.101 raeaa 91¢.0 1t44" B
' P-201 = ..... MPa, Ty, = 903.6 °C
Valve getting
VE-101 | VA-102 [ VM-103 | VA-104 | VA-109 | V&=110 |
1007 [ close | 5.5 2 | 0% | 04 1007 |
HP=2116C stop
Pump power up {~... 1/min})
Run 37(37)LHF-217 (power increase method; No. 81, #14048)
Pump power down (~0 1l/min)
Step | Power | Heat fiux | F-103 | T-003 | T-1011H Hold Note

No. (k) (W/cn?) (n/s) ¢°c) ("0 time
Totel FPL/SBL

1 42.93 [12.63/12.62] 0.185 | 477.6 780.0 10'15"

YODAC scanning

T-003 = 477.6 °C, T-1011M = 802.3 °C, F-103 = 0.188 n/s
HP~2116C start
SBL & FPL power up

P=201 = ..... MPa, Tga¢ = 910.5 °C
SBL & FPL power down & off

Circulation & mixing operation

Valve setting

2 47.21 |13.85/13.91 ..... vaaaa vennn caras
3 52.05 [15.29/15.32( ..., . . crees
& 57.09 (16.83/16.77( ..... . arene PP
5 63.49 |18.63/18.70{ 0.195 | ..... 910.5 1'58" | 1B
6 69.91 |20.65/20.51| 0.197 reees 909.3 1'41" | B
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15:31

15:43
15:43

15:44
15:45

15:55

15:56
15:57

16:00
16:02

16:04

16:05

16:10

16:15

16:16
16:17

VA-101 | VA-102 | vM=-103 | vA-104 | VH-109 | VH-110
100 7 | close 100 % [ [ 100 X

Pump power adjust (~50 l/min)

Run 37(37)LHF-218 (power increase method; No. 82, #14049)

Pump off
Valve setting

|\ VB=101 | VA-10Z | VN-103 | VA-104 | VH-109 | VA-110
| 10 2 close | 3.5% | 0% | 0%] 100¢%

Pump on (~12 1/min)
SBL & FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
Wo. | (kW) | (Wen?) (m/s) (°c) (°c) time
Total FPL/SBL

L 0.27 0.137 0.05] 0.211 [, ceaes seran

2 8.24 | 2.52/ 2.37) .ueen PPN . .

3 16.78 | 4.95/ 4.93( +«s.n. eaee R, fesne

4 26.11 746/ 7.+80| ceaan s seses PP

5 40.39 112.43/11.58} ..... renne eean Caran

6 49.83 [14.60/14.69] 0.200 500.3 817 .8 10745

I0DAC scanning

T-003 = 500.3 °C, T-1011M = 842.7 °C, F-103 = 0.204 n/s
HP-2116C start
SBL & FPL power up

7 [ 57.68 [16.93716,89] vanss | eevre | ceecr ceere

8 | 63.66 [18.56/18.71] souea | weves | aeees cerne

9 | 67.76 |18.56/20.67[ 0.203 | ..... | 913.5 1'58"

10 | 70.37 [20.75/20.67] 0.210 | ..... 912.0 1'59"
P-201 ® ..... HPa, Tgar = 913.5 °C

Pump power up (~19 1/min)
HP-2116C stop

Run 37(37)LUF-219 (power Increase method; No. 83, #14050%)

Pump power adjust {~17 1l/min}

Step | Power | Heat flux | F-103 | T-G03 | T-10l1M Hold Note
No. (kW) W/ cu?) (ofs) | (°C) (°C) time
Total FPL/SBL

1 73.28 |21.71/21.47] 0.300 | 483.8 81l.5 12745"

YODAC scamning

1-003 = 483.8 °C, T-1011M =~ 845.1 °C, P-103 = 0.306 mfs
HP-2116C start
SBL & FPL power up

16320
16:22

16:24

16:25
16:23

16:33

16:34
16:48
17:29
17:30

17:38
17:43

18:14

18:48
18:54

20:05

2 80.71 [23.85/23.68] ..... enenn e senes
3 90.18 |26.60/26.48 .ouus I vewee eees
] 94,14 [27.76/27.65( cveva § caves | eesen ceeus
5 97.68 {28.73/28.73( 0.298 [ 910.5 1'52" | 1B
6 1101.15 |29.70/29.77) 0.310 | +e..- 910.0 1'45" |1 B

P=201 = ..vs0 MPa, Tgae = 910.5 °C
Valve setting

VE-101 | VA-102 | VM-103 | VA-10% | VE-109 | VA-110
00 £ | ciese | 52| O0Z4§ 0% | 100%

HP-2116C stop
SBL & FPL power down and off

Circulation & mixing operation

Valve setting

[ V101 | VA-102 | VN-103 | VA-104 | VB-109 | VB-110 |
|00 % {clcse | 100% | 0% | ©%]| 1004 |

Pump power adjust (~50 1/min)
Punp power up {~150 1/min)
Pump of £

Valve setting

VE-101 | VA-10Z | VH-103 | VA-104_]| VE-109 | VE-110
100 £ | open | 100 % | 100 £ | 100 Z | 100 %

Pump on (~50 1/min}
Pump power up (~150 1/min)

Thermocouple calibration run

Run_37(0)CAL-0150-140-D (No. 84, #14051)

YODAC acanning
T-003 = 335.4 °C, T-10114 = 339.1 °¢, F-103 = 0.533 mfs

Pump off

Sodium drain

Preheater power off
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Record of the l41th operation

1980.1.16
8:50 Preheater power on

16:20 Sodiuxn charge
(sodivm level = EL-910Q0 wm)
Circulation & purification operation
16:50 Valve setting
VE-101 VA-102 VM-103 VH-104 VH~109 VH-110
100 % open 100 ¥ 100 % 100 % 100 %
17:10 Pump on (~150 1/win)
Theraocouple calibration runs
(check of the signal isclation buffer mmplifiers introduced)
Run 37(0)CAL-0150-141-A (without isolation; No. 85, #14101)
| 20:05 YODAC scanning ’
T-003 = 269.9 °C, T-1011M = 272.9 °C, F-103 = ..... m/s
[y
I~
o Ruu 37(0)CAL-0150-141-B (with isolation; No. 86, #14102)
! 20:08 YODAC scanning
T-003 = 271.8 °C, T-1011M = 272.0 °C, F-103 = ..... n/s
1980.1.17 '
Run 37(0)CAL-0-141-A (No. 87, #14103)
B:41 Pump off
8:43 Valve setting
| VBE-107 | VA-102 | V¥-103 ]| VE-104 | VB-109 | vB~110 |
| 100 T | close | 0% | 0% | 0% [ o
9:10 YODAC scanning
003 = 272.5 °C, T-1011M = ..... °c, F-101 = —0.008 w/s
*%:2% Qccurrence of a trouble in flow measurement by F-103
(F-101 was used for a backup operation)
Run 37(0)CAL-050-141 (with isolation; No. 88, #14104)
9:13 Valve setting

(alming temperature level = 250 #25 °C)

VB-101 [ VA-10Z | VM-103 | VH-104 | VH-109 | VH-110
100 % [ close | 100 % | 0] 0% | 100%

9:58

10:29

10:30
10:31

10:33

Pump on {~50 1/min)
YODAGC scanning
T-003 = 272.5 °C, T-10114 = 272.7 °C, F-10L = 1.090 m/s

Run 37(0)CAL-0100-141 (with isolation; No. 89, #14105)
Pump power up (~100 1/min)
YODAC secanning
T-003 = 271.7 G, T-10llK = 271.9 °C, F-101 = 1.796 o/s

Run 37(0)CAL-0150-141-C (with isolation; No. 90, #14106)

Pump power up (~150 1/min)
YODAC scanning
T~003 = 271.9 °C, T-1011M @ 272.2 °¢, FP-101 = 2.72% uw/s

Run 37(0)CAL-0200-141 (with isolation; No. 91, #14107)

Pump power up (~200 l/min)
YODAC scanning
T-003 = 272.8 °C, T-1011M = 273.1 °C, F-101 = 3.647 n/s

Run 37(0)CAL-0260-141 (with isolation; Neo. 92, #14108)

Pump power up (~260 1/min)
YOPAC scanning
T-003 = 274.6 °C, T-10Ll1M = 275.0 °C, F-101 = 4.659 m/s

Single—phase flow runs; series (3)

(examination of temperature profiles under nen-uniform heating)

Run 37(37)HB-260-20 {No. 93, #14109)

SBL & FPL power on

Step | Power | Heat flux | F-101 [ T-003 | T-1011M Hold
Fo. | (kW) | (W/eu?) (m/s) | (°C) (°c) time
Total | FPL/SBL

Note

0.04 | 0.01/ 0.02
6.97 2.08/ 2.00
17.13 | 5.14/ 4.83
28.09 | 8.10/ 8.60
37.91 [11.23/10.99
50.06 |14.66/14.85 :

61.18 |17.96/18.06 286.0

O=~1gh L & o

67.85 [20.10/19.66] 4.742 | 296.5 317.4

YODAC scanning

T-003 = 296.5 °C, T-1011M = 317.4 °C, F-101 = 4.742 n/s
HP=2116C start
HP-2116C stop

Run 37(37)HB-260-25 (No. %4, #14110)

SBL & FPL power up

9G¢-58 TH6NS ONd




- 9%l —

10:39

10:40
10:41

10:42

10:49

10:50
10:51

10:53

11:06

11:07
11:08

11:09

11:17

11:19
11:20

Step | Power | Heat flux | P-101 | T-003 | T-1011M Hold Note
Mo. | (i | (W/eo®) (m/s) | (°C) °cy time
Total FPL/SBL
1 81.59 [23.95/24.10
2 86.25 |25.39/25,33| 4.703 | 288.7 317.9
YODAC scanning .
T-003 = 288,7 °C, T-101lM = 317.9 °C, F-101 = 4.703 o/s
HE-2116C start
HP-2116C stop
Run 37(37)HB-200-25 (No. 95, #14111)
Pump power down {~200 1/min)
Step | Power | Heat flux | F-101 | T-D03 | T-1011M Hold Note
No. | (k) | (Wem?) | @/s} | (°C) | (°C) time
Total FPL/SBL
1 85.70 [25.24/25.13| 3.562 | 283.7 321.5
YODAC scanning
T-003 = 283.7 °C, T-1011M = 321.5 °C, F-101 = 3.562 n/s
HP=2116C start
HP-2116C atop
Run 37(37)HE-150-25 (No. 96, #14112)
Pump power down {~150 1/min)
Step | Power | Heat flux | F-101 | T-003 | T-1011M Hold Note
No. (kW) (W/em?) (w/s) °cy °c) tima
Total FPL/SBL
1 B5.13 [25.11/24.89| 2.672 | 288.5 338.2
YOPAC scanning ~
T-003 = 288.5 °C, T-1011M = 338.2 °C, F-101 = 2.672 w/s
HP-2116C start
HP-2116C stop
Run 37 (37 JHB-100-25 (No. 97, #14113)
Putp power down (~100 1/min)
Step | Power | Heat flux | F-101 | T-002 | T-1011M Hold Note
Fo. | (kW) | (W/ewd) | (afs) [ (°€) (°cy | eime
Total FPL/SBL
1 dh.44 |24.89/24.71] 1.860 | 288.7 359.7

YODAC scanning

T-003 = 288.7 °C, T-1011M = 359%.7
HP-2116C start
HP-2116C stop

Run 37(37)HB-100-35 (Ne. 98, #14114)

°c, F-101 = 1.860 m/s

11:21

11:36

11:37
11:38

11:41

11:53
11:54

11:55
11:57

13:03
13:05

13:05
13:09
13:16

13:17
13:18

13:20

13:20

13:23

SBL & FPL power up

Step | Power | Heat flux | F-101 | T-003 | T-1011M Held Note
No. | (kW) | (W/em?) | (mfs) | (°C) o time
Total FPL/SBL
1 [101.86 [30.21/29.42
2 [121.22 Y35.76/35.44] 1.B52 | 289.1 391.7
YODAC scanning
T-003 = 289.1 °C, T-1011M = 391.7 °C, ¥F-101 = 1.852 m/s
HP=-2116C start
HP-2116C stop
Run 37(37 JHB-150-35 (No. 99, #14115)
Putip power up {~150 1/min)
Step | Power | Heat Elux | F-101 | T-003 | T-1011M | Hold | mote
¥o. (XW) (W/cn?) {n/s) (o) (°c) time
Total FPL/SBL
1 [120.29 135.49/35.15] 2.664 | 285.3 356.1
YODAC scanning
T-003 = 285.3 °C, T-1011M = 356.1 °C, F-101 = 2.664 m/s
HP~2116C start
HP-2116C stop
SBL & FPL power down and off
Run 37(37)HB-100-10 (No. 100, #15116)
?ump power down (~100 1/min)
SBL & FPL power on
Step | Power | Heat flux | F=101 | T-003 | T=1011M Hold Note
No. (kW) (W/em?) (w/s) ¢°c) ¢°c) time
Total FPL/SBL
1 18.19 | 5.486/ 5.11
2 27.78 | 8.25/ 8.00 280
3 35.40 {10.447/10.36[ 1.907 285.2 314 .5
YODAC scanning
T-003 = 285.2 "C, T-1011¥ = 314.5 °C, F-101 = 1,907 w/s
HP=-2116C start
HP-2116C stop
Run 37(37)HB-100-20 (No. 101, #14117)
SBL & FPL power up
Step | Power | Heat flux | F-101 [ T-003 [ T-1011M Hold Note
No. | (&) | (W/emd) | (w/s) | (°C) °c) time
Toral FPL/SBL
1 51.48 ]15.40/14.61
2 62.70 [18.59/18.14
3 67.05 119.91/19.33[ 1.899 | 289.8 346.7
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13:38

13:39
13:40

13:41

13:41
13:45
13:51

13:52
13:53

13:55

13:55
13:57
14207

14:08
14:09

14:11

14:11
14:13
14:26

14:27
14:28

YODAC scanning

T-003 = 28%9.8 °C, T-1011M = 346.7
HP-2116C start
HP~2116C stop

Run 37(37)HB-100-30 (No. 102, #14118)

SEL & FPL power up

°c, F-101 = 1.899 m/s

F=101

T-003 { T-101IM Hold

Step | Power | Heat flux Note
Wo. | (kW) | (Wea?) | (u/a) | (°C) &) time
Total FPL/SBL
I 84.42 [24.89724.70
2 95.87 (28.21/28.17
3 1102.92 [30.37/30.07] 1.836 | 267.6 358.7
YODAC scanaing
T-003 = 267.6 °C, T-1011M = 358.7 °C, F-101 = 1.836 m/s
HP~2116C start
HP-2116C stop
Run 37(37 )HB-100-40 (No. 103, £14119)
SBL & FPL power up
Step | Pover | Heat flux | F-I01 | T-003 | T-1I6iid Hold Hote
Ho. (kWY (W/cm?)y (m/s) °c) (°c) time
Total FPL/SBL
1 [119.59 |35.00/35.53
2 |134.64 |38.95/40.95
3 {136.17 |39.86/40.45) 1.828 | 268.3 386 .6
YODAC scanning
T-003 = 268.3 °C, T-1011M = 386.6 °C, P-101 = 1.828 u/s
HP-2116C start
HP-2116C stop
Run 37(37 )HB-100-50 {No. 104, #14120)
SBEL & FPL po!;er up
Step | Power | Heat flux | F=101 | T-003 | T-Ll011M Hold Note
No. | (k®) | (Wex?) | is) | (°0) (°c) time
Total FPL/SBL

152,51 (44.80/44.97

1
2 |164.70 ]48.53/48.26
3 |1e8.42 [49.65/49.29] 1.852

280.6 425.5

YODAC secanning

T-003 = 280.6 °C, T-1011M = 425.5
HP-2116C start
HP-2116C stop

Run 37(37)HB-100-60 (No. 105, #14121)

°c, F-101 =« 1,852 n/s

14:30

14:30
14:33
154:48

14:49
14:50

14:53

14:59

15:00
15:01

15:02

15:10

15:11
15:12

15:13

15:13

15:13
15:21

15:22

SBL & FPL power up

S5tep | Power | Heat flux [ F=101 | T-003 | T-1011M Hold Note
No. | (kW) { (Wem?) | (@fs) | (°C) °c) time
Total FPL/SBL
1 [184.48 [53.85/55.11
2 1195.54 |57.28/58.01
3_ [200.67 [59.02/59.011 1.899 | 300.5 465 .7
YODAC scanning
T-003 = 300.3 °C, T-1011M = 468.7 °C, F-101 = 1.899 m/s
HP-2116C start
HP-2116C stop
Run 37(37)HB-150-60 (Ne. 106, #14122)
Punp power up (~150 I/min)
Step | Power | Heat flux [ F-101 | T-003 | T-1011M Hold Note
Ko. ()] (W/cn?) (n/s) Q) (°c) time
Total FPL/SBL
1 _|206.03 [60.50/60.81[ Z.789 | 329.2 449 .0
YODAC scanning
T-003 = 329.2 °C, T-101l1% = 449.0 °C, F-101 = 2.78% u/s
HP-2116C start
HP--2116C stop
Run 37(37)HB-200~60 (No. 107, #14123)
Pump power up (~200 1/min}
Step | Power | Heat flux | F-10L | T-003 | T-1011M Hold Note
No. [ (kW) | (W/em2) | (wfs) | (°Q) o time
Total FPL/SBL
1 1393.37 |56.51/57.63] 3.633 | 341.9 427.3
YODAC scanning .
T-003 = 341.9 °C, T-1011M = 427.3 °C, F-10l = 3.633 w/s
HP-2116C start
HP-2116C srop
Run _37(37)HB-260-60 (No. 108, #14124)
Pump power up (~260 1l /min)
SBL & FPL power up
Step | Power Heat flux | F-101 [ T-003 T-1011M Hold Note
No. | (k) | (Wemd) | (@fs) | ¢°C) (°c) time
Total FPL/SBL
1 205.35 |59.87/61.50] &4.757 352.5 4522.9

YODAC scanning
T-003 =352.5 °¢, T-1011M = 422.9
HP-2116C start

°¢, F-101 = 4.757 u/s
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15:23

15:25

15:25
15:29
15:51

15:52
15:53

16:54

16:54
15:56

16:19

16:20
16:21

16:23

16:23

16:51
16:53

16:54
16:55

16157

HP~2116C stop

Rua 37{37)HB-260-70 (No. 109, #14125)

SBL & FPL power up

Step | Power | Heat flux | F-101 | T-003 ) T-10114 Hold Note
No. | (W) | (W/em?y | (w/fsy | (°C) e time
Toral FPL/SBL
1 |222.47 [65.41/65.48
2 |240.68 70.79/70.78
3 ]266.12 [72.06/73.08]| 4.688 | 398.7 584 .4
YODAC scanning
T-003 = 398.7 °C, T-1011% = 484.4 °C, F-101 = 4.688 n/s
HP-2116C start
HP-2116C stop
Run 37(37)HB-260-80 (No. 110, #14126)
SBEL & FPL power up (reached upper limit)
Step | Power | Heat flux | F-101 | T-003 | T-1011M Hold Note
No. (kW) W/ ca?) (mis} | (°C) °c) time
Total FPL/SBL
1 [264.52 177.95/77.50
2 [272.85 [79.90/80.97] 4.719 | 432.2 526.7
YODAC scauning
T-003 = 432.2 °C, T-10114 = 526.7 °C, F-101 = 4.719 n/fs
HP-2116C start
HP~2116C stop
Run 37(37)HB-260-50 (Ne. 111, #14127)
SBL & FPL power down
Step | Power | Heat flux | F-101 | T-003 | T-101lM Hold Note
No. | (kW) | (Wem?y | (mfs) | (°C) o time
Total FPL/SBL
1 |209.08 {61.71/61.05 430
2 ]173.73 {51.04/51.23
3 |168.54 [49.73/49.24
4 300
5 |155.62 [49.13/38.77
6 |169.82 [49.92/50,00] &.602 | 309.9 365.7

YOBAC scanning

T-003 = 309.9 °C, T-101lH = 365.7
HP-2115C start
HP-2116C stop

Run 37(37)YHB-260-40 (No. 112, #14128})

SBL & FPL power down

°¢, F=101 = 4.602 m/s

16:
16:

17:

173
17:

17:

17:
t41

17

171

17:

17

17:
17:

17:
17:

18:

18:
18:

57
58

20

21
22

40

43

148

49
50

52
53

00

01
02

Step | Power [ Heat flux | F-10L | T-003 [ T-1011M Hold Note
¥o. (kW) (W/cm?) (m/3) (°c) °c) tine
Total FPL/SBL
1 [154.56 [45.36/45.66
2 [137.82 ]40.43/40.76] 4.539 | 284.5 329.7
YODACG scanning
T-003 = 284.3 °C, T-1011M = 329.7 °C, F-101 = 4.53% m/s
HP-21156C start
HP-2116C stop
Run 37(37)HB-260-35 (No. 113, #14129)
3BL & FPL power down
Step | Power | Heat flux | F-101 | T-003 | T-101IM Hold Note
No. | () | (wfem®) | (mie) | (") (°c) time
Total FPL/SBL
1 |122.64 |36.05/36.13] &4.734 | 271.8 309.9
YODAC scanning
T-003 = 271.8 °C, T-1011M = 309.9 °C, F=101 = 4.734 n/a
HP-2116C start
HP-2116C atop
Run 37(37)HE-260-30 (No. 114, #14130)
SBL & FPL power down
Stdp | Power | Heat flux | F-101 | T-003 | T-101l1M Hold Note
Na. (kW) (W/ca?) {m/s) (°cy {°cy time
Total FPL/SBL
1 |103.24 [30.33/30.45] 4.656 | 269.9 302.1
YODAC scanning
T-003 = 269.9 °C, T-1011M = 302.1 °C, F=101 = 4.656 w/a
HP-2116C start -
H=2116C stop
Run 37(37)HB-200-35 {¥o. 115, #14131)
Pump power down (~200 1l/min)
SBL & FPL powex up
Step | Power | Heat flux | F-101 | T-003 | T-101IM Hold Note
No. | (kW) | (Wexd) | (ufs) | (°C) (°c) time
Total FPL/SBL
|1 1318.79 [35.04/34.73] 3.523 | 264.8 314.1

YODAC scanning

T-003 = 264.8 °C, T=1011M = 314.1
HP-2116C start
HP-2116C stop

*e, F-10% = 3.523 w/s
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Run 37(37)HB-260-10 (No. 116, #14132) 9:53 Exhaust of argon gas from SBL gas volume o i
© 10:10 Auxiliary heater power off % ‘
18:04 Pump power up (~260 l/min) :
18:07 SBL & FPL power dowm Flow-meter calibration rum gg i
\
Step | Power | Heat flux | F-101 | T-003 | T-1011H Hold Hote Run 37{0)}CAL-0-141-B (No. 119, #1413%) ﬁ
Ho. (kW) (W/em?) (n/s) °cy ("o time —
Total | FPL/SBL 10:12 Pump off
1 35.64 |10.28/10.90] 4.719 275.8 286.7 10:12 Valve getting a
18:13 YODAC scauning VB-101 | VA-102 [ VM-103 | Ve-104 | VE-109 | VE-110 | L!n
T-003 = 275.8 °C, T-1011M = 286.7 °C, P-101 = 4.719 n/s 160 % | close | 0% | 1060 % | 0z | 0z | =\l
18:14 HP-2116C scart
18:15 HP-2116C stop 10:35 YODAC scanning
18:16 SBL & FPL power down and off , T-003 = 483.2 °C, T-1011M = 489,8 °C, F-10t = 0.008 w/s

Eireulation & purification operation Low-heat—flux boiling runs; series (1) {continued)
(examination of boiling conditioca under low-flow)
18:20 Pump off
_ 1B:20 Valve setting Run 37(35)LHF-220 (pressure decrease method; Ne. 120, #14136)

VH-1G! | VA-102 [ WW-103 | VE-104 | VA-109 | VB-110 | 10:39 vValve setting
100Z] open | T00% | 100 % | 100 % | 100 % |

VB-101 | VA-107 [ VH-103 | VA-104 | VA-108 | Ve-110 |
18:28 Pump on (~150 1/min) 100 Z | close | 2.5 % 100 2 | 0% ] 07|
*ki%%  Change of the HP-2116C measurement network

10:40 Pump on (~2 1/min)
SBL & FPL power on

1980.1.18
Step | Power [ Heat flux | F-10L ]| T-003 T-1011M Hold Note
Circulation & heat-up operation No. (kW) (W/cnl) (m/s) (°c) (°c) tine
Total FPL/SBL
0:10 Auxiliary heater powWer on 1 0.03 0.01/ o0.02] ...%. P PPN crsan
(temperavure level change frem 250 °C to 500 °C) 2 2.93 | 111/ 0.42] ceees | wennn | ainit
7:00 Re-smetting of the preheater power controller 3 6.49 | z.02/ 2.01| ..... e eeee I
(changed from 250 *25 °C to 450 #25 °C} 4 9.36 | 2.86/ 3.02] veeue | wrunn reess veess
5 10.74 | 3.40/ 3.19] ..... RN P, e
Themocougle calibration runs 6 12,12 3.76/ 3.79) ..... PR vesen .
(check of the gignal isolation buffer amplifiers) 7 10.26 | 3.19/ 3.19f ..... e e ey
: 8 Bubl [ 2.617 2,86 vuuur | wuunn
Run 37(0)CAL-D150-141~D (without isolation; No. 117, #4133) 9 3.9 | 1.30/ 1.05] ..... e era e
10 7.06 | 2.21/ 2.16( ..... P eeea renan
8:32 YODAC scanning . . 11 9.72 | 2.99/ 3.1 eene | cauus
7003 « 530.0 °C, T-1011M = 531.9 °C, F-101' = ..... o/s 12 11,20 | 3.50/ 3.44) varee § nnnn | ouuin
13 12.03 | 3.72/ 3.78} ..... e P
Run 37(0)CAL-0150-141-E (with isolation; No. 118, #14134) 14 13.43 | 4,167 4.21] wenee | wonns venes :
15 15.46 | 4,76/ 4.92] 0.066 | 440.8 810.0
8:34 YORAC scanning |
T-003 = 530.5 °C, T=1011M = 531.2 °C, F=101L = ..... nfa 11:10 YODAC scanming 2
. T-001 = 442.2 °G, T-1011YM = 802.8 °C, F-10l = 0.063 n/s
Preparation for the tests 11:12 HP-2116( start

11:13 Start of pressure reduction
8:48 Occurrence of pin trouble (£#206 & #3L1)

(insulating resistance = 0) (T3
9:38 Separation of #206 and #311 ping I 17

15.46
" 0.064 " 810.0

“nsen

&.78/ 4.92| 0.068 | 440.8 l 810.3 I senas ‘ l
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11:18

11:19
11:23

11:33

11:41

11:42
11:43

11:47

11:48
11:50

11:53
11:54

11:55
11:55
11:56
13:01

18 b n 0.067 " 810.3 raran
19 12.80 | 3.98/ 3.98( 0.012 | 439.9 810.8 135" | 1B
20 11.29 | 3.51/ 3.51| 0.002 ; 434.7 807 .7 141" | B(D)

P-201 = 0.0190 MPa, Tgar = 810.0 °C
SBL & FPL power down and off
(observation of an unexpected dryout)
HP-2116C stop
Valve operation to fill the FPL with argon gas

Run 37({35)LHF-221 (power imcrease method; Wo. 121, #14137)

SBL & FPL power on

Step | Power | Heat flux | F-101 | T-003 | T-l0llM Hold Note
Ho. | (W) (/em?) (m/s) (°C) (°c) time
Total FPL/SBL
1 7.86 | 2,667 Z 63| veenn | evser P P
2 14,47 | 6.687 6.58] canee | seven venen Praes
3 21.37 | 6.60/ 6.77] eevre | +ase. eenes veins
3 25.33 | 7.85/ 7.95] 0.086 | 425.0 €00.7 5745"

YODAC scanning

T-003 = 425.0 °C, T-1011¥ = 813.1 °C, F-101 = 0.086 m/a
HP-2116C starc
SBL & FPL power up

5 29.35 | 9.157 9.05] eapan | neees enes cesus
6 31,76 | 9.87/ 9.87] cevan | snene creee R
7 34.97 110.88/10.87| 0.086 | 414.5 906.0 2°'00" | IB
8 38.60 |12.00/12.01| 0.102 | 411.0 905.0 1'47" | B

P-201 = 0.0991 MPa, Tgay = 906.0 °C
Valve settiag

VE-101 | VA-102 | Vi-103 | vB-104 | VR-109 | VH-110 |
100 % | close | 100 % | 100 % | 0% | Q% |

HP=-2116C stop
SBL & FPL power down and off

Circulation and mixing operation

Pump of f
Valve setting

VE-101 | VA-102 ] VM=103 | VH-104 | VH-109 | VA-110
100 % open 100 % 100 X 100 % 100 %

Pump on (~150 1/min)

Auxiliary heater power on

Exhaust of argon gas from SBL gas volume
Auxiliary heater power off

Run 37(35)LEF-222 (preseure decrease method; Wo. 122, #14138)

13:02
13:03

13:07
13:08

13:17
13:20

13:21
13:22

13:27
13:28

13:31
13:35
13:42
13:42

13:45
13:52

13:53
13:54

Pump off
Valve setting

VR-101 | VA-102 | VM¥-10

3 | yH-104 | VH-109 [ vH=110
100 2 | close | 4.5 %4

=
f=]
Q)
Ea
=]
a2
=)
a4

Pump on (~6 1/min)
SBL & FPL power on

Step | Power | Heat flux | F-101 | ¥~003 | T-1011M Hold

Note
Mo. | (kW) | (W/em?) (m/s) | (°C) (°c) time
Total FPL/SBL
1 6.584 2,027 2.39) ..... enes cenan reves
2 12.43 | 3.86/ 3.88| +euen fhees enre PP
3 18.95 | 5.94/ 5.77| +ouss P R P
& 24.93 7.80/ 7.62] ..... saaes snees cnnan
5 29 .40 9.127 9.20] 0.110 458.8 798.1 8'25"
YODAC scanning
T-003 = 458.8 °C, T-10114 = 811.1 °C, ¥-101 = 0.110 w/s
HP-2116C start
start of pressure reduction
[} 29.40 G127 9.20f eoeen | aaens esans vsaaa
7 " " R . R P
g 29.69 | 9.22/ 9.26( 0.110 | 455.0 810.0 138" | 1B
9 29.20 | 9.06/ 9.13]| 0.106 | 452.0 801.5 1'39" | B
P-201 = 0.0284 MPa, Tggy = 810.0 °C
SBL & FPL power down and off
HP~2116C stop
Run 37(35)LHF-223 (pregsure decrease methad; No. 123, #14139)
Valve operation te £111 the FPL with argon gas
Pump power adjust {~3 1l/min}
Exhaust of argon gas from SBL gas volume
SBL & FPL power on .
Step | Power | Heat flux [ F-101 T-003 | T-1011M Hold Note
Fo. | (W} | (W/em?) | (m/s) [ (°C) (°c) tize
Total FPL/SBL
1 715 | 2.16f 2.39] -eaue - A AP
2 12.63 | 3.85/ &4.11) «eenn enee ennr PR
3 18.92 | 5.94/ 5.74] cea-- v caaes caien
4 21 .60 6.72/ 6.71] 0.071 412.0 788 .3 11750"

YODAC scanning

T-003 = 412.0 °C, T-101lM = 803.1 °C, F-101 = 0.071 ufs
HP-2116C start
Start of pressure reduction

5 21.60 | 6.72/ 6.71| 0.071 . [ B
6 " " cnewe rens rrean cenea
7

“ "
snosvw. anena araee cares
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13:57
13:57

14:02
14:03

14:17
14:28
14:29

14:30

l4:40

la:41
14:42

14245
14346
14:51

14355

14:56
14:57

8 21.48 { 6.67/ 6.70| 0.083 | 404.0 832.0 1'38" | 1B
9 " - 0.102 ceoeas ceees saner
P=201 = 0.0382 MPa, Tgar = 832.0 °C
SEL & FPL power down and off
HP~2116C stop
Run 37(35)LHEF-224 (pressure decrease method; No. 124, #14140)
Pump off
Valve setting
V=101 | VA-102 | VM-103 | Vi~104 | VE-109 [ vB~11G"|
100 Z | close | 3Z | 1w00x | 0xX | 07|
Punmp on (~7 1fmin)
Valve operation to fill the FPL with argon gas
Exhaust of argon gas from SBL gas volume
SBL & FPL power on
Step | Power [ Heat fiux | P-LOL | T-003 | F-1OLiH Hold Note
Ko. | (kW) (W/cm?) @/s) | (°O) (°cy time
Total FPL/SBL
1 10.85 | 3.26/ 3.65] -eee. ceans S cnees
2 18.40 | 5.71/ 5.75{ ..... [— eens .
3 28.30 | 8.73/ 8.97] ..... e T T
i 36.99 ]11.33/11.93] 0.133 | 450.0 800.9 910"
T0DAC scanning
T-003 = 450.0 °C, T-1011M = 814.8 °C, F-101 = 0.132 w/s
WP-2116C start
Start of pressure reduction
5 36.99 J11.33711.93] 0.133 | +.eev wnene wmnes
6 36.54 |11.17/11.84( 0.122 | 453.0 851.5 1'%3~ 1B
7 36.17 i1.07/11.68| 0.114 { 452.0 B50.5 147" [ B
P-201 = 0.0510 MPa, Ty, = 851.5 °C
SBL & FPL power down and off
HP-2116C stop :
Valve operation to fill the FPL & SBL with argon gas
Run 37(35)LHF-225 (power incresse methed; No. 125, #14141)
Valve setting
|_VR-101 T vA-102 | VM-103 | VB-104 | VH-109 | VB-110
[_300°% | close | 4 & | 100 7| 0z ] 0 Z
Pump power adjust (~9 1/min)
SBL & FPL power on
Step | Power | Heat flux F-101 T-003 | T-101lM Hold Note

No. (W) (W/en2) (m/=) °c)
Total FPL/SBL

(°cy time

15:08

15:09
15:10

15:14

15:16

15:18

15:19
15:20

15:23
15:26

15:30

15:31
15:32

15:35
15:37

15:39
15:39

1 11.18 | 3.29/ 3.93| .vvus | wrusn raaee reana
2 19.50 | 6.03/ 6.13) ..... | ..... teees creas
3 28.58 | 8,84/ B.99| .uvuu | weins | auenn ceres
4 37.87 [11.82/11.65{ suvus | ..... ceeee ceeas
|5 43.B0 [13.61/13.65] U.157 | &56.1 794.0 5'10"

TODAC scanning

T-003 = 456.1 °C, T-1011M = 809.0 °Cy F-101 = 0,157 w/s
HP-2116C start
SBL & FPL power up

(] 48.08 115.92/15702] ..... ceaee cesnn eaes
7 54.40 |16.88/17.01 ..... cnres canes chnee
8 58.08 [18.07/18.04) ..... - PPN senan
9 60.78 |18.81/18.93f ..... ceses P 2'05" | IB
10 66.80 |20.71/20.79| ..... | ..... taeen 1'34" | B
P-201 = ..e.. MPa, Tgap = ennas °C
Valve setting
VE-10T ["VA-102 | V¥-103 | VA-104 | Ve-108 | VE-1i0
100 % | close | 5% 1 100Z | 0% | I3
HP-2116C stop
SBL & FPL power 10 % down
Run 37(35)LHF-226 (power increase method; No. 126, #14142)
Pump power ad just (~11 1/min)
SBL & FPL power up
Step | Power | Heat flux | F-101 | T-003 T-1011M Hold Note
No. (kW) | (W/cm?) (n/s) (°c (°c) time
Total FPL/SBL .
1 57.66 [18.BO/15.74[ ..... revan . e
2 539.62 [18.80/17.87) ..... cenen aeean seens
3 60.84 |18.87/19.02] 0.212 | 426.5 785.0 9' 40"
YODAC scanning
T-003 = 426.5 °C, T-101l1M = 798.9 °C, F-101 = 0.211 o/fs
HP-2116C start
SBL & FPL power up
4 66.83 [20.70/20.97] ..... crues seenn PR
5 71.01 f22.07/22.11) ..... P veean e
6 76.45 |23.79/23.71( ..... revan 1esen P
7 79.56 |24.91/24.58| ..... Penas [ 2'12" | IB
8 85.00 [26.43/26.42] ..... feuaa sesen 140" B

P~20L = ..... MPa, Tgap = v.e. °C
Pump power ad just (~15 1/min)
HP-2116C atop

Run=37(35)LHF-227 (power increase method; No. 127, Fl4143)
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15:43

15:50

15:51
15:52

15:52

15:53
15:55

15:57
15:58

16:19

16:20
16:21

16:21
16:23

16:24
16:25
16:27

16:40
16:41

16:45

16:45

SBL & FPL power up

Step | Power | Heat flux | F-101 | T-003 | T-1011H Hold

S Note
No. | (kW) | (W/em?) (mfe) | (°C) °0 time
Total FPL/SBL
1 88.10 [27.41/27.35] 0.290 452 .4 837.2 14'00"
YODAC scauning
T-003 = 452.4 °C, T-1011M = 852.7 °C, F-101 = 0.289 m/s
HP~2116C start
SBL & FPL power up
2 92.71 [28.82/2B.84) ..... reaea . rraan
3 98.69 |30.62/30.84| 0.290 | 460.0 B9B8.5 135" IB
4 |105.59 |32.84/32.81] 0.294 | 461.0 901.5 2'g2" | B
P-201 = ..... MPa, Tgar = 898.5 °C
Pump power up (~25 l/min)
HP-2116C stop
Run 37(35)LHF-228 (power increase method; No. 128, #14144)
Pump power adjust (~20 I/min)
Step | Power | Heat flux | F-101 | T-003 | T~LO1llM Hold Note

No. )] (W/em®) /sy | (°C) (°¢) time
Total FPL/SBL

1 [i05.95 ]32.88/33.10] 0.376 | 520.6 883.5 21'45"

YOPAC scanning

T-003 = 520.6 °C, T-1011M = 896.3 °C, P-101 = 0.375 mw/s
HP-2116C start
SBL & FPL poweT up

2 |109.50 [34.08/33.96] ..... ] ..... I ceenn | 129"
3 [119.00 [37.05/36.87] .-... 1726"

..... samaa

IB
B

P-201 = ..... MPa, Tgqp = «+oxs °C
Pump power up (~30 1/amin}
HP=2116C stop
SBL & FPL power down and off

Circulation & mixing operation

Pump off
Valve setting

VE-101 | VA-102 | vM-103 | VB-104 | VH-109 | VE-110
100 % open 100 % 100 % 100 % 100 %

Re-getting of the preheater power controller
(changed from 450 £25 °C to 250 25 °C)
Pump ou (~150 1l/min)

Thermocouple calibration runs

17:18

17:20

17:55
18:00

19:30

(check of the signal isolation buffer amplifilers)

Run 37(0)CAL—-0150-141-F {without isolation; No. 129, #14145)

YODAC scanning
T-003 = 356.0 °C, T-1011M = 359.3 °C, F-101 = ..... m/s

Run 37(0)CAL-0150-141-G (with isolation; No. 130, #14146)

YODAC scanning
T-003 = 351.7 °C, T~101iM = 353.1 °C, F-10l = ..... w/s

Pump off
Sodium drain

Preheater power off
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Record of the 142th operation

1980.1.30

8:30

Preheater power on

(aiming temperature leval = 250 %25 *c)

14:43 Sodium charge
(sodium level = EL-9100 jrun} ]
Circulation & purification operacion
15:26 vValve setting
VE~101 | VA-102 T V%103 | VE-104 | VE-109 | VE-110
106 % open 100 % 100 % 100 ¥ 100
15:43 Pump on (~150 1/min)
Thermocouple calibration runs
(check of the signal isolation buffer amplifiers)
Run 37(0)CAL~0150~142~A (without isolation; No. 131, #14201)
15:52 YODAC scanning .
T-003 = 280.2 °C, T-10114 = 281.4 °C, P-103 = .,... m/B
Run 37{0)CAL-0150-142~B (with isolation; No. 132, $#14202)
15:54 YODAC scanning
T-003 = 280.4 °C, T-1011M = 279.9 °C, F-103 = ..... o/s
Circulation & heat—up operationm
23:00 Auxiliary heater power on
(temperature level change from 250 °C to 500 ]
23:10 Re-setting of the Ireheater power controller
(changed from 250 #25 °C ro 450 %35 °cy
1980.1.31
Theroocouple calibration ruuns
(check of the signal isslation buffer amplifiers)
Run 37{0)CAL~0150-142—C (with isolation; Wo. 133, #14203)
4:02 YODAC scanning
T-003 = 410.0 °¢, T-1011M = 409.8 °C, F-103 = ..... m/g
Run 37(0)CAL-0150-142-D (without isolation; Ne. 134, $#14204)
4103 YODAC scanning

T-003 = 411.3 °C, T-1011M = 412.7 °C, F-103 = ..... n/s

5:06

5:07

5:09

6:06

9:15
9:16
9:16

9:17

Run 37(0)CAL~0150-142~E (with isolation; No. 135, #14205)

YODAC scanming
T-003 = 468.2 °C, T-1011M = 468.4 °C, F-103 = ..... n/s

Run 37(0)CAL-0150-142-F (with isolation: No. 136, #14206)
{burn-out detection circuits was switched off}

YODAC scanning
T-003 = 469.0 °C, T-1011M = 468.8 °C, F-103 = ..... /s

Run 37(0)CAL-0150-142-G (without isolation; Ne. 137, #14207)

YODAC scanning
T-003 = 470.7 °C, T-1011M = 471.4 °C, F-103 = ..... ©/s

Run 37{0)CAL-0150~142-H (without isolation; No. 138, #14208)
(burn~out detection circuits was switched off)

YODAC scanning

T-003 = 471.3 °C, T-1011M = (449.0) °C, F-103 = .,... w/s

Run 37({0)CAL-0150-142-T (with iselation; No. 139, F14209)

YODAC scanning
T-003 = 503.9 °C, T~1011M = 504.2 °C, P-103 = ..... /s

Run 37{0)CAL-0150-142-J (without iselation; No. 140, #14210)

YODAC scanning
T-003 = 504.7 °C, T-1011M = 506.4 °C, F-103 = ,,... w/s

Flow-meter and thermocouple calibration rums

Bun 37(0)CAL-0-142-4 (No. 141, #14211)

Auxiliary heater power off
Pump off
Valve getting

| ¥R-101 | VA-107 | vi-103 | VE-104 | VE-109 | ve-110 |
| _ 257 | close | OX§ 25% | 07| 0% |

"HP-9845T stare

HP-9845T atop
YODAC scanning
T-003 = 503.9 °C, T-1011M = 531.3 °C, F-103 = 0.000 wfs
HP-2116C start
HP-2116C stop

Run_37(0)CAL-05-142-A (No. 142, #14212)

Valve setting

| VE-TOT [ VA-102 | V103 | VE-104 [ V109 | vB-11p |
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9:20
9:23
9:25
9:26

ik -hk
9:51
9:52
9:52
9:53

9:55
10:00

10:22
10:23

10:24
10:24

10:32

10:33
10:34

| 25% | close | 3% ] 25% | 0% | 0z |

Pump on (~15 1/min)
HP-9845T start
HP-9B45T stop
YODAC scanning
T=003 = 507.9 °C, T-1011M = S506.6 °C, F-103 = 0.259 n/s
Qccurrence of a trouble in flow measurements by F-101 and F-103
HP-9845T start
HP-9845T stop
HP-2116C start
HP-2116C stop

Low heat—flux boiling rumns; series (2)
{examination of drycut condition under low-flow)

Run 37(36)LHF-230 (power increase method; No. 143, #14213)

Pump power adjust {~1 1l/min)
FPL power on

Step | Power | Heat flux | F-103 | T-003 [ T-10llM Hold Note
No. (kW) (H/em?) (m/s) °c) (°C) time
1 0.02 0.0L eevts | anase cesee enaae
2 3.50 1.06 eeee | eesan eees cesue
3 6.04 1.83 chesa | aenens resen e
4 9.10 2.75 vemens | neeen cevee ranee
5 10.36 3.13 wewas | ssene | eaass eves
6 7.20 2.18 0.024 [ 410.5 B824.2 17 00~
YODAC scanning
7-003 = 410.5 °C, T-1011M = 805.4 °C, F-103 = 0.016 m/s
HP-2116C start
HP-9845T start
FPL power up
7 9.65 2.92 0.022 | 405 912 30" IB
8 13.10 3.96 0.018 " 913 3" | B
9 16.38 4.95 0.017 { 403 " 43" [ B
10 19.63 5.93 0.015 | 402 " 54" B
11 23.19 7.01 0.011 | 401 " 34" B
12 26.39 7.98 0.012 “ " 52" | B
13 29.57 8.94 0.012 | 4060 " 36" | B(D)
14 | 33.06 9.99 0.014 - 914 57 | B(D)
15 | 34.92 10.56 o.012 | " " 39" | B(D)
16 36.40 11.00 0.011 " " 49" | B(D}
17 39.77 12.02 0.010 " 915 29" | B(D)
18 41.12 12.43 0.014 " 914 43" | B(D)
19 44.70 13.50 0.010 " 915 8" | B(D)

P-201 = 0.1059 MPa, Tgar = 912.0 °C
FPL power auto-scram ..... high temperature
{trigger signal = T-307H)
HP-9845T stop
HP-2116C stop

Fk ok

11:08
11:09

11:20
11:21

11:22
11:22

11:30

11:32
11:32

11:43
11:43

11:46
11:47

13:02

Run 37(36)LHP-231 {power increase method; No. 144, #14214)

Recurrence of a trouble in flow measurement by F-103
(F-101 was used for a backup operation)

Pump power adjust (~2 1/min)
FPL power on

Step | Power | Heat flux | F-101 | T-003 | T-L011M Hold Note
No. | (| (Wemd) | (wis) | (%€) (°c) time
1 0.02 0.01 feean eaee P cenes
2 3.59 1.08 e [ reres esen
3 6.33 1.91 hanae P R [
4 9.48 2 .86 rnes esns canas veses
5 7.79 2.36 0.013 | 411.5 730.8 127457
YODAC scanning
T-003 = 411.5 °C, T-1011M = 700.4 °C, F-101 = 0.000 m/s
HP-2116C start
HP-9845T start
FPL power up
[ 10.06 3.04 0.012 | 405 808 32"
7 12.99 3.93 " 403 859 30" | 1B
8 19.20 5.80 0.013 | 402 906 36" | B
9 22.65 5.85 0.014 " " 46" | B
10 29.06 8.78 0.015 b 907 44" | B
11 32.88 9.94 0,015 | 401 " 42" | B
12 316.11 10.92 0.016 " " 54" | B(D)
13 39.31 11.38 0.013 | 400 908 1'06" | B(D)
14 1 43.33 13.10 0.011 | 399 910 116" | B(D)
15 | 45.87 13.87 " " 914 55" | B(D)
16 49.71 15.03 - 398 " 44" | B{D)
17 52,63 15.91 0.010 | 397 915 40" | B(D}
18 57.71 17.45 0.009 " 918 35" | B(D)
19 63.18 19.10 0.010 | " 922 41" | B(D}
20 69.20 20.92 0.012 " 927 5" | B(IY
P-201 = 0.0981 MPa, Tgor = 906.0 °C

FPL power auto—scram ..... high temperature

(trigger signals = T-101L & T-306M)

HP~2116C stop
HP=-9845T stop

Cireulation & heat—up operation

Pump of £
Valve setting

VA-101 | VA-102 | Vi-i03 | VB-104 | VA-109 | VH-110

100 £ | open | 100 % |

100 % |

100 # | 100 &

Pump on (~150 1/min)
Auxiliary heater power om

(temperature level chanmge from 400 °C to 500 °C)

Auxiliary heater pewer off
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13:03
13:04

13:06
13:07

13:18
13:19
13:19

13:19
13:20

13:30

13:31
13:31

Py

15:04
15:05

Run 37(36 )LEF-232 (power increase method; No. 145, #14215)

Pump off
Valve setting

[ VE-101 | VA-102 | Vm-103 [ VE-104 | VE~109 | VE-110
| 25 Z | cicae | 3% | 00X ] 0% [ 6.25%

Pump on (~1 L/min)
FPL power on

Step | Power | Heat fiux | F-103 | T-003 | T-1011lM Hold Note
Ho. (kW) (W/en?) (m/s) {°C) {°c) time
1 0.02 ¢.01 aanes cesas neves cenee
2 3.43 .04 | ..... senan e eres
3 7.15 2.16 PR fesee reevs | seaaa
4 10.75 3.25 sesua e seena ceaas
E) 9.18 2.78 0.016 | 456.7 809.6 14'35" (IB)
YODAC scanning
T-003 = 456.7 °C, T-10liM = 798.6 °C, F-103 = 0.031 m/s
Boilirg was initiated before starting data loggers
HP~2116C start
HP-9845T start
FPL power up
[) 12.76 3.86 0.015 | 449 905 37" | B
7 17.69 5.35 0.011 | 447 907 35" | B
8 22.73 6.87 0.010 | 444 - 42" | B
9 29.16 8.82 0.007 | 442 " 3% (B
10 35.52 10.86 0.008 | 439 " 102" | B(D)
11 43.08 13.02 " 437 209 1701" | B(D)
12 45.16 13.65 0.009 - 913 48" | B(D)
13 49.64 15.01 0.007 | 435 915 38" | B(D)
14 53.93 16.30 0.005 " 916 40" | B(D)
15 62.08 18.77 0.008 " 925 45" | B(D)
16 66.10 19.99 0.011 | 434 . 927 1" | B(p)

P-201 = 0.099) MPa, Tygy = 905.0 °C
FPL power auto~scram ..... high temperature

(trigger signals = T-101L, T-306M & T-307M)
HP-2116C stop
#P-9845T stop

Alternstion of heater pin comnection

(The electrical insulation of P413 & #414 pair was broken)

Circulation & purification operation

Pump off
Valve serting

VE-101 | VA-102 | VM-103 [ VB-104 | VH-109 | VH-110
100 % open 100 % 100 % 100 Z 100 %

15:07 Pump om (~150 1/min)

1980.2.1

Circulation and heat-up operation

0:25 Auxiliary heater power on
(eodium temperature chamge from 250 °C to 500 )
8:50 Auxiliary heater power off

Flow-meter & thermocouple calibration runs

Ron 37(0)CAL-0-142-8 (No. 146, #14216)

8:50 Pump off
8:50 Valve setting

| VE-101 [ vA-102 | vm-103 | VA-104 | VE-103 | VA=
6.

110
| _ 5% [close | 0% 0% 0%]6.55%

8:58 YODAC scanning

T-003 = 503.8 °C, T-10lI¥ = 520.7 °C, F-103 = —0,008 m/s

8:59 HP-9B45T start
9:00 HP-2116C start
9:01 HP-9845T stop
9:01 HP-2116C stop

Run 37(0)CAL-05~142-B (No. 147, #14217)

5:02 Valve setting

VR-101 | VA-10Z | VH-103 ] VE-104 | VE-109 | ViF1i0
25 2 | close | 3% | 0% | 02 [6.25%

9:02 Pump on (~2 1/min)
5:06 YODAC scanning

T-003 = 505.4 °¢, T-1011H = 500.8 °C, F-103 = 0.039 o/s

9:07 HP-9B45T start
9:08 HP-2116C start
9:09 HP-9845T stop
9:09 HP-2116C stop

Low-heat—flux boiling runs; series (2} {continued)
(examination of dryeut condition under low-flow) .

Run 37(34)LHF-233 (power increase method; No. 148, #14218)

FPL power on

Step ! Power | Heat flux | F-103 | T-003 | T-LOLLM Hold Note
No. | (kW) | (W/er?) | (w/s) | (°©) e time

1 0.06 0.02 | ..... eeees | seaws vesua

2 3,55 1.14 . chean crnes resas

3 6.18 1.98 cessn PR P PR
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4 9.16 2.93 10:34 FPL power up o
5 12.23 3.92 ?‘,
6 15.43 4.94 7 17.96 5.73 0.035 | 458 901 &5"
7 13.61 4.36 8 | 24.99 8.00 " " 911 49* | 1B w
8 12.46 3.99 | ..... vevre | eeeme | ewenn 9 30.38 9.73 0,043 | 909 n- | s =
] T4.36 4 .60 0.047 | 662.5 | B61.2 1550 10 | 36.72 11.75 " " - 32 | B ‘g
11 | 43.62 13.96 0.046 | " 907 48" | B s
9:25 YODAC scanning 12 | 48.83 15.63 " 457 909 35" | B
T-003 = 462.5 °C, T-1011M = 867.3 °C, F-103 = 0.031 w/s 13 553.43 17.74 " 455 911 32" | B g
9:29 HP-9845T start 14 61.34 19.63 0.030 | 436 909 518" | B(D) i
9:30 HP-9845T stop g

9:33 HP-2116C start P-201 = 0.0991 MPa, Tgge = 911.0 °C

9:34 HP-0845T re-gtart 10:45 FPL power auto—scram ..... high temperature
9:34 FPL power up (erigger signal = T-311M, xp = 0.58)
10:49 HP-2116C stop
10 18.71 5.99 0.050 | 447 885 37 )
11 24.67 7.90 0.048 | 445 912 43" | 1B Run 37(34)LHF-235 {power increase & flow decrease method; No. 150, #14220)
12 27.59 8.83 0.046 | 444 910 48" | B
13 | 30.77 9.85 0.048 | 441 208 46" | B 11:01 Pump power adjust (~2 1/min)
14 | 37.13 11.88 0.056 | 440 907 1702" | B 11:03 FPL power om
15 46.18 14.78 0.055 | 438 " 417 | B
16 54.73 17.52 0.050 | 436 " 52" B Step | Power | Heat flux | F-103 | T-003 | T~-101iM Hold Note
17 61.70 19.75 0.055 | 435 " 46" | B No. (kW) (Wfem?) (m/s) (°c) (°c) tine
18 65.08 22.11 0.059 | 434 906 37" | B 1 0.06 0.02 0.035 | 464 ensss | mmses
19 77.58 24.83 " 432 907 1'33" B 2 1.08 0.35 csesn R sesee I
| 20 83.88 26.85 0.055 | 430 909 1'33" | B(D) 3 5.20 1.98 caeas senns ennn .
— 21 92,57 29.63 0.050 | 429 911 2'10" | B(D) 4 10.67 3.42 venss | seaaa | eouns reees
g 22 j102.30 32.75 0.048 | 428 " 0" | B(D) 5 12.58 4.03 0.034 | 456.6 813.7 10'07" | (IB)
I ) P-201 = 0.0991 MPa, Tgup = 912.0 °C 11:19 YODAC scanning
9:46 FPL power auto—scram ..... high temperature 003 = 456.6 °C, T-10L1M = BI5.8 °C, F-103 = 0.031 u/s N
(trigger signal = T-312M, xp = 0.50) 11:19 HP-9855T sktart -
9:47 HP-9845T stop 11:20 HP-9845T gtop
9:48 HP-2116C stop 11:22 Boiling was initiated before starting data loggers
11:23 HP-2116C start . '
Run 37(34)LHF-234 (power increase method; No. 149, #14219) 11:24 HP-9845T re-gtart

11:24 FPL power up
10:05 Guard heater of the test section was cut—off

10:11 Pump power adjust (~2 1/min) 6 19.27 6.17 0.032 | 433 909 0" | B
10:12 FPL power on 7 24.26 7.77 D.028 " 911 34" | B
8 29.82 9.55 0.029 452 210 39" { B
Step | Power | Heat flux | F-103 | T-003 | 110114 | Hold | pote 9 | 36.75 11.76 0.031 | 908 20" | B
No. (kW) (W/em?) (m/s) {°C) {°C) time 10 37 .46 11.99 0.033 | 451 907 120" B
1 0.06 0.02 0.036 | 470 arees raraat
2 6.65 2,13 11:28 Pump power down
3 9.46 3.03 cenan PR senne feeee
4 - 12.12 3.88 [ cenes aeeen R I 11 36.79 11.77 1 0.025 | 450 | aos 200" B
3 15.04 4.81 0.034 | 464 eesesr | aenms 12 36.65 11.73 0.027 446 206 | 420" ] B(D) |
6 13.03 4.17 0.038 462.0 878.0 12710" -
11:34 Valve close (VM-103: 3 X +~0 2)
10:31 YODAG scanning '
T-003 = 462.0 °C, T-1011M = 884.5 °C, P-103 = 0.039 w/s |13 [ 36.65 | 11.73 [ 0.007 | 443 | 505 ] 18" | B(D) |
10:31 BP-9845T start
10:31 HP-9845T stop B-201 = 0.1000 MPa, T = 909.0 °C

10:33 HP-2116C start 11:34 FPL power emergency down and off
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11:35
11:36
11:37

11:37
11:37

11:39
11:39

11:45

11:49

11:50

11:51

13:02

13:02
13:04

13:05
13:08

(observation of an wnexpected temperature excursion of T-01H)
Valve open (VM-103: ~0 Z + 10 %)
HP-9845T stop
HP-2116C stop

Circulation and heat-up operation

Pump off
Valve setting

VE-101 [ VA-102 | VM-103 | VH-104 | VE-109 | VE-110 I
100 2 open 100 £ 100 % 100 % 100 %

Pump on (~150 1l/min)
Auxiliary heater powar on
(sodiun temperature level change from 450 °C to 500 °C)

Flow-meter calibrationm run

Run 37(0)CAL-0-142-C (No: +«uw, #esasl)

Valve setting

VE-101 | VA-102 | VH-103 | VE-104 | V=109 | VE-110
100 Z { opes | 0% | 100 % | 100 £ | 100 %

HE-9845T srart
AP-9845T stop

Circulation & heat-up operation {continued)

Valve setting

Vi-101 | VA-102 | ¥V¥-103 | VH-104 | VE~109 | VH-110 |
100 X open 100 Z 100 % 100 % 100 %

Auxiliary heater power off

Flow-meter calibration run

Run 37(0)CAL-0-142-D (No« 2eey, fevvusd

Pump off
Valve setting

Ve-101 | VA-102 | VM-103 | VE-104 | VB-109 | vB-11
5

0
25 % [ close | 0 % | 0 X | 0Z | 6.25 % |

HP-9845T start
HP-9845T stop

Low-heat-flux boiling run; series (2) (continued)

Run 37(34)LHF-236 (power increase and flow decrease method;

No. 151, #14221)

13:09

13:10
13:11

13:19

13:20
13:21
13:23

13323

13:24

13:30

13:37

13:40

13:40
13:41
13:41

13:55
13:56

Valve setting

VH-101 | VA-102 | V103 | VB-104 | VA-109 | VE~110 |
253 | close | 3% | 0% | OZ [6.25%|

Pump on (~2 l/min)
FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-LO01IM

Hold

Note
No. | (kW) | (Wew?) | (ufs) | (&) (°c) time
1 0.06 0.02 0.039 { 508 . S
2 6.05 1.94 senea | 504 faaes arean
3 B.68 2.78 0.023 | 499.7 679.1 8'00"
YODAC scanning
T-003 = 499.7 °C, T-1011M = 650.7 °C, F-103 = 0.047 w/s
HP-9845T start
HP-9845T stop
HP-2116C start
HE-9845T re-start
FPL power -up
[ 15.02 4.81 seven rans cunes 40"
5 15.60 5.00 e eaes veavs [
6 18.25 5.84 eaee ceens | aaaa. 43" | 1B
7 21.51 6.88 0.015 | 488 909 57" | B
8 24.06 7.70 0.010 | 484 " 43" [ B
9 25.08 8.03 0.008 | 478 908 2'30" | B
Pump power down
10 24.56 7.86 0.007 | 470 908 1740" | B(D)
11 24.15 7.73 0.004 | 465 " 1'40" | B(D)
12 24,40 7.81 0.001 | 459 " 2'00" | B(D)
13 24.31 7.78 0.000 | 455 907 1740" | B(D)
FPL power up
| 34 T 2801 [ 8.97 [ 0.000 T 451 | 908 [ 27" TEMm |

P-201 = 0.1000 MPa, Tqar = 508.0 °C
FPL power manual down & off .
{time over for the data logging)
HP-2116C stop
Valve open (WM-103: 3 % +~10 %)
HP=9845T stop

Flow-meter calibration run

Run 37 (0)CAL-0-142-FE (Ho. --., f..... )]

Pump off
Valve setting

|_¥VB-101 | VA-10Z ] VH-103 | VE-104 | VE-109 ]| VA-110 ]
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13:57
14:00

14:01

14:02
14:02

14:14
14:15
14:16
14:17

14:17
14:18

14:23

14:31

14:32

| 25% Jclose ] 0% | 0% | 0% 16.2512% |

HP-9845T start
HP-9845T stop

Low=heat—flux boiling run:; series (2) (contioued)

Run 37(34)LHF-237 (power increase and flow decrease method;

No. 152, #14222)

Valve setting

VEC 101 | VA-10Z | V103 | VE-104 | VE-109 | VE-110 |
254 | close | 3% | OZ% | OX | 6-254 |

Pump on (~2 1/min)
FPL power on

Step | Power | Heat flux | F-103 | I-003 | T-1011M | Hold | more
No. | (k) | (Wiem?y | (mis) | (°O) (°c) time
1 0.06 0.02 SN sreen ceens -
2 6.569 2.14 csenn erees cnase cenne
3 11.51 3.69 cever | sasen sanns vesan
[ 14.00 4.48 0.021 459 .9 820.4 10°15"
YOPAC scanning
T-003 = 459.9 °C, T-l011M = 777.2 °C, P-103 = 0.031 nfs
HP~9845T start
HP-9845T stop
HP—2116C start
HP-9845T start
FPL power up
5 18.45 5.90 | +ne.. arena sesae 46™ I8
6 22.39 7.17 R, cnnee caaen 34" | B
7 25.44" B.ld | seeen | anaes cenan 38" | B
8 30.53 9.77 reeee wenns [ 44" | B
9 36.16 11.57 | «saen vesse [N 46" | B(D}
10 37.33 11.95 0.021 | 448 909 1'30" | B(D)
Pump power down
11 37.20 11.91 0.020 | 444 909 1t20" B(D)
12 37.06 11.86 0.016 | 441 " 140" | B(D)
13 37.10 11.87 0.012 | 433 " 1r20" | B(D)
14 36.82 11.79 " 431 " 2100 | B(D)
15 36.65 11.73 0.010 | 427 " 125" 1 8{D)
Pump off
[T 16 [ 36.65 [ 11.73 1 «cu.. veevs | ceess | ere-- | B(D)
FPL power up
|17 T40.65 ] 13.00 [0.011 ] 422 | 9ir [ 17087 [ B(R)

14335

14:36
14:36
14:37

14:55

14:56
14:59

15:00

15:01
15:01

15:13
15:13
15:13
15:14

] 18 | 43.82 ] 14.02 | o0.010 | 819 | 914 j

2'00" | B(D)

P-201 = 0.1000 MPa, Tgae = 909.0 °C
FPL power wanusl down and off
(time over for the data lopging)
valve cpen (VM=-103: 3 I + ~10 %)
HP-9845T stop
HP-2116C stop

Flow-wmeter calibration run

Run 37(0)CAL-0-142-F (No« .as, #oveae}

Valve setting

VA-101 | VA—10Z [ VM-103 | VE-104 | VI-109 | ve-110 |
25 £ | elose | 0% | 0% | 0% | 6.25 27 |

HP-9845T start
HP-9845T stop

Low-heat-flux boiling run; series (2) (continued)

Run 37(34)LEF-238 (power increase method; Ne. 153, #14223)

Valve setting

VE-101 | VA-102 | v#-103 | VB-104 | VE-109 | VB-110
25 % | close | 3% | 0% 0% | 6,25 %

Pump on (~2 1/min)
FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011M

Hote
No- | ¢&W) | (W/em?) | (w/s) [ (°¢) °cy time
1 0.06 0.02 0.040 [ 463.6 caree R
2 6.61 2,12 | eenes RS- feses eaes
3 11.85 3.79 seses | seaws varas | eamaa
4 16.37 5.24 0.024 | 457.0 881.0 820" | (IB)
Bolling was initiated before starting data loggera
HP-2116C start
HP-9845T start
FPL power up
5 19.60 6.27 0.024 Y 457.0 910 0" (B
6 27.69 g.86 0.025 " " 34" | B
7 33.77 10.81 0.029 " 909 42" | B
-] 39.04 12.50 0.033 " %10 206" | B
9 44.79 14.34 0.024 | 456 " 116" | B(D)
10 52.66 16.85 0.037 | 455 908 1'34" | B(D)
11 58453 18.73 0.046 | 456 907 L'44" | B(D}
12 61.72 19.75 0.031 | 454 908 342" | B(D)
13 65.40 20.93 0.025 | 453 " 0" | B{D)

96—G8 TH6NS ONd




— 691 —

15:28

15:28
15:28
15:29

15:43
15:43

15:44
15:46

15:50

15:51
15:54

16:00
16:01

16:02
16:04
16:05
16:05

P-201 = 0.1000 MPa, Tgype = 910.0 °C
FPL_power auto-scraft «.... high temperature

(trigger signals = T-312M & T-3091M, xp = 0.56)
HP-2116C stop
Valve open (VH~103: 3 % + ~10 I}
HP-9845T stop

Flow-meter calibration run

Run 37(0)CAL-0-142-G (H6. .v., foe.s)

Pump off
Valve setting

VH-101 | VA-102 | VH-103 | VB-104 | VH-109 | VE-11Q |
25 X | close | [ | 0% | 0% [e.25% |

HP-9845T start
HP-9B45T stop

Low-heat—flux boiling run; series (2) (continued)

Run 37(34)LHF-239 (power increage method; No. 154, #14224)

Valve getting

VE-10L | VA-102 | V#-103 | VE-10%4 | VE-109 ]| VE-110
25 ¥ | eloce | 3% [ 0% {6,252

Pump on (~1 1/min)
FFL power on

Step | Power | Heat flux | F=103 | T-003 | T-1011M Hold Note
No. (kW) (W/end) {nfs) {°C) (°C) time
1 0.06 0.02 0.028 | 470.0 asen .
2 6.19 1.98 | cceen | can.. ceses | saaas
3 10.68 3.42 0.014 | 455.0 7i6.4 cenme
HP-~9845T start
YODAC scanning
T=003 = 455.0 °C, T=-1011M = 642.5 °C, F=-103 = 0.047 wm/s
HP-9845T stop
HP-2116C start
HP~9845T re-start
FPL power up
4 15.10 4.83 0.006 | 448 846 52"
5 20.25 6.48 0.005 | 445 909 1'3p" ha:]
& 24,62 7.88 0.004 | 439 912 1'08" | B
7 30.78 9.85 0.002 | 437 911 112" | B(D)
8 34.70 i11.10 0.003 | 435 " 1v28" | B(D)
9 37.84 12.11 " 433 912 1'56™ | B(D)
10 40,66 13.01 0.002 | 431 915 1'44" | B(D)
11 46.72 14.95 " 430 921 1'32" | B(D)
12 52.90 16.93 0.003 " 927 1t42" | B(D)

16:18
16:19

16:20
16:21

16:23
16:26

16:30

16:30

16:37
16:37

16:38
16:42

16:43

16:44

18305

-18:14

20:13

[ 13 | 89,16 | 18.93 | 0.004 | ™ | - |

2" | B |

P-201 = 0.1000 WPa, Tg,y = 909.0 °C
FPL power auto=scram ..... high temperature
{trigger signal = T-3031M)
HP-2116C stop
Valve open (VM-103: 3 % + ~10 2)
HP-9845T stop

Circulation & mixing operation

Pump off
Valve setting

VE-101 | VA-102 | VF-103 | VE-104 | VB-109 | VA~110
100 Z | opem | 100 Z | 100% | 100 % | 100 %

Re~getting of the preheater power contreller
(changed from 450 *25 °C to 250 25 °C)
Punp on (~150 1/min)

Flow-meter calibration run

Run 37(0)CAL-0=142-H (No. .uc, #.rusa)

Pump off
Valve setting

| VE-10L | VA-i02 | VB-103 | VE-10%4 | VA-109 | VE-1i0
{100 % | opem | O % [ 100 % | 100 £ | 100 %

HP-9345T start
HP-9845T atop

Circulation & mixing operation

Valve setting

VE-101 | VA-10Z | VM-103 [ VB~104 | VH-109 [ VH-110 |
100 ¥ | open | 100 % [ 100 £ | 100 Z | 100 % |

Pump on (~150 1/min)

Pump off
Sodivm drain

Preheater power off
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Record of the 143th operation

8:30

1980.2.26

Preheater power on
(aiming temperature level = 250 225 °C)

15:05 Sodium charge
(sodiumr level = EL—9100Q mm)
Cireulation & purification operatien
16:04 Valve setting
VH-101 | VA-102 | VM-103 | VE-104 | VH-109 | VB-110
100 % open 100 X 100 % 100 % 100 %
16:05 Pump on (~150 1l/min)
1980.2.27
Circulation & heat-up operatien
0:03 Auxdliary heater power on
(temperature level change from 250 25 °C to 450 #25 °C)
®k:k% QOccurrence of piln trouble (#310 & #415)
(insulacing resistance = 0)
5:55 Separation of #310 and £#415 pins
8:54 Auxiliary heater power off
Flow-meter & thermocouple calibratien rung
Run 37(0)CAL-0-143-A (No. 155, #14301)
9:00 Pump off
9:02 Valve setting
VA-101 | VA-102 | vH-103 | VvE-104 | VH-109 [ VE-110
100 % | close | 0% [ Too0Z | 0% | 0 %
9:06 YODAC scanaing
=003 = 520.8 °C, T=1011M = 530.5 °C, F-103 = 0.000 n/s
9:07 HP-Z116C atart
9:08 HP-2116C stop
Run 37(0)CAL~05-143~A (No. 156, #14302)
9:10 vValve setting
VE-101 | VA-10Z2 | vH=103 | Vi-104 | VB-109 | VH-110
100 2 | close | 100 % | 100 X | [ 0 X
9:12 Pump on (~7 l/win)

9:22

9:24

9:25

10:20

10343
10:45

10:48
10:48
10:50

10:56
10:57
10:57
10:58

11:06
11:06
11:08
11:11
11:12
11;13

TODAC scanning

T-003 = 509.5 °C, T-1011M = 512.9 °C, F-L103 = 0.125 /s

HP-2116C start
HP=2116C stop

Periodical inspection of the SBL & FPL power suppliea

Pump power up (~200 F/min)
FPL power on

FPL power off

Single-phase flow natural circulatlon runs

Run 37¢{33)NCT-1 (power increasce method; No. ..., #14303)

Pump of £
Valve setting

VH=101 VA~102 | Vi-103 VH-104 VH-109 VH=110
100 % | close 100 X 0z [ 100 %

HP-9845T start
HP=-2116C start

FPL power on
Step | Power | Hear flux | F-103 | T-003 | T-1011W Hold Note
No. | (kW) (w/en?) | (mfe) (°c) (°c) time
1 0.09 0.03 [¥] 473 e 5"
2 5.23 1.73 eses . . 15"
3 15.31 5.05 0.123 s s 540"

FPL power auto—scram ..... over—current (= 1100 A)

Change of trigger current level
HP-9845T stop
HP-2116C stop

Run 37(33)NCT-2 (power increase & decreage method; No. ..., #14304)

HP-9845T start

HP-2116C start

Pump on {~150 1/min)

Pump of £

Valve close and open (VM-103: 100 Z + 0 Z + 100 %)
FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011M

Hold

Yoo | cem | ciendy | (ais) | o | 0 | cime ] °F°
1 15.73 5.19 0.117 cer e 5t35"

2 | 30.07 3.92 | 0.150 | 424 o 5123

3 44 .34 14.62 0.179 enr P 4LY48"

& 30.91 10.19 0.155 420 ‘e 512"

5 | 15.67 5.17 | o110 | " " 5tsg"
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P-201 = 0.1000 ¥Pa, Tg,, = 910.0 °C | 13 | 59.10 | 18.93 | 0.004 | " | - ] 2" [ B¢py ]
15:28 FPL power auto-scram ..... high temperature =
(trigger signals = T-312M & T-3091M, xp = 0.56) P-201 = 0,1000 MPa, Tgae = 909.0 °C a
15:28 HP-2116C stop 16:18 FPL power aguto—scram ..... high temperature wn
15:28 vValve open (VM-103: 3 % + ~10 %) (trigger signal = T-~3031M) =
15:29 HP-9B45T stop 16:19 ®P~2116C stop :g j
16:20 Valve open {VM=-103: 3 % +~10 ) = :
Flow-mater calibration run 16:21 HP-9845T stop :
. 0w E
Run 37(0)CAL-0-142-G (No. ..., #.....} Circulation & mixing operation kin ,:
wn P
15:43 Pump off 16:23 Pump off o
15:43 vValve setting 16:26 Valve setting
VE=101 | VA=102 | V=103 | VB=104 | VH=1(9 | VH-110
VH-101 VA-102 VM=-103 VH-104 VH-109 VH-110
5% [ciose | 0% 0% 0%1625% | |

100 % open 100 % 100 % 100 % 100 %

15:44 RP-9845T start
16:30 Re-setting of the preheater power controller
15:46 HP-9845T stop (changed From 450 *25 °C to 250 #25 °C)
16:30 Pump on (~150 1/min)

Low-heat-flux boiling run; series (2) (continued)

F1 14 libration rum ;
Run 37(34)LHF-239 (power incresse method; No. 154, #14224) CUTmeter callora 1 ;

Run 37{0)CAL=0=1462=H (N0« eou, Feueus)

15:50 Valve setting

16:37 Pump off
VA-101 | VA-10Z | VW-103 | VE-104 | VA-109 | VE-110 16137 Valve setting

25 % | close | 3% | 0% | 0% ] 6.25 %

: VE-101 | VA-102 | VN-103 | Vi-106 | VE-109 | VB-110 |
15:51 Pump en (~1 Ll/min) 100 % | open | O % | 100 % | 100 % | 100 % |
15:54 FPL power on

16:38 HP-9845T start

Step | Power | Heat flux | ¥~103 | T-003 | T-101lM Hold Note 1642 HP-9845T st
No. | (kWY | (Wiemd) | (ofs) | (°0) ¢°e) | cige grop
I 0.06 0.02 0.028 | 470.0 | +eees Circulation & mixing operation
2 6.19 1.98 | ..... R P
3 | 10-68 3.42 0.014 | 455.-0 | 716-4 16:43 Valve setting
16:00 HP-9845T start VE-101 | VA-107 | VW-103 | VB-104 | VE-109 | VA-110 | ' :
16:01 YODAC scanning . 100 % | open | 100% | 100 % | 100 % | 100 % |
T-003 = 455.0 °C, T-1011M = 642.5 °C, F-103 = 0.047 m/s :
16:02 HP-9845T stop 16:44 P ~150 1, :
16:04 HP-2116C start ump on (~150 1/ain) . ;_
16:05 HP-9845T re—start 18:05 Pump off ‘:
16:05 FPL power up ©18:14 Sodium drain }:
4 | 1s5.10 .83 0.006 | 448 B46 527 20:13 Preheater power off Z
5 ] 20.25 6.48 0.005 | 445 209 1'30" | 1B |
6 | 24.62 7.88 0.004 | 439 912 1'08" | B |
7 | 30.78 9.85 0.002 | 437 911 1zr | B ;=
8 [ 34.70 11.10 0.003 | 435 - 1'28” | B(D) :
9 | 37.84 12.11 - 433 912 1'56" | B(D) |
10 | 40.86 13.01 0.002 | 431 915 1%46” | B(D)
11 | 46.72 14.95 - 430 921 1'32” | B(D)
12 | s52.90 16.93 0.003 | " 927 1'42" | B(D)
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Record of the 143th operation

8:30

15:05

16:04

16:05

9:10

9:12

1980.2.26

Preheater power ou
(alming temperature level = 250 225 °C)

Sodium charge
{sodiun level = EL=-9100 mm)

Circulation & purification operation

Valve setting

| vE-101 | VA-102 | V¥-103 | VE-104 [ VB-109 | VB-110
| 7100 £ | opemn | 100 £ | 100 Z [ 100 % | 100 %

Pump on (~150 1/min)

1980.2.27

Circnlation & heat-up operation

Auxiliary heater power on
(temperature level change from 250 %25 °C to 450 #25 °C)
Occurrence of pin trouble (#3100 & #415)
{insulating resistance = 0)
Separation of #310 and #415 pins
Auxiliary heater power off

Flow-meter & thermocouple calibration runs

Run 37(0)CAL~0~143-A (No. 155, #14301)

Pump off
Valve getting

VH-101 | VA-102 | vM~103 ]| VE-104 [ VH-109 | VH-11Q
100 % | close 0 X 100 % [ 0%
YORAC scanning
T=003 = 520.8 °c, T-1011M = 530.5 °C, F-103 = 0.000 w/s

HP-2116C start
HP-2116C stop

Run 37(0)CAL-05-143-A (No. 156, #14302)

Valve setting

VE-101 | va—102 | vM-103 | VB-104 ] VB~-109 | VH-110
100 £ | close | 100 % | 100 % | 0 % | 0%

Pump on (~7 1/min)

10:45
10:45

10:48
10:48
10:50

10:56
10:57
10:57
10:58

11:06
11:06
11:08
11:11
11:12
11:13

YODAC scanning

T-003 = 509.5 °¢, T-1011M = 512.9 °C, F-103 = 0.125 n/s

HP-2116C start
HP=2116C stop

Periodical inspection of the SBL & FPL power supplies

Pump power up (~200
FPL power omn

FPL power off

1/min)

Single-phage flow natural circulation runs

Run 37(33)NCT-1 (power increase method; No. ..., #14303)

Pump of £
Valve setting

VB-101 | VA-102 | Vi-103 | VH-104 | VH-109 | VH-110 |

100 % | elose | 100 & | 0% | 0% | 100 % |
HP-9845T start
HP-2116C start
FPL power on
Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
No . (kW) {(W/cmd) {m/s) (°C) (°C) time
1 0.09 0.03 0 473 aes 5"
2 5.25 1.73 renan . . 15"
3 15.3% 5.05 0.123 ves Ve 5740"
FPL power auto=SCIam sesss over—current (= 1100 A)
Change of trigger current level
HP-9845T stop
HP-2116C stop
Run 37(33)NCT-2 (power increase & decrease method; No. ..., #15304)
HP-9845T start
HP-2116C start
Pump on (~150 1/min)
Punmp of f
valve close and open (VM~103: 100 % + 0 % + 100 Z)
FPL power om
Step | Power | Heat flux | F-L03 | T-003 | T-10L1H | Hold | pore
No. | (&) | (Wem®) | (wfs) | (¢ °c) time
i 15.73 5.19 0.117 can cen EEEEN
2 30.07 9.92 0.150 424 ven 5'23"
3 44.34 14.62 0.179 e ves 4748"
4 30.91 10.19 0.155 420 ves 5'12
] 15.67 5.17 0.110 " ‘s 5°'58"
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11:40
11:46
11:48

11:49

I1:53
11254
13:05

13:06
13:07

13:16
13:20

13:28

13:28
13:30
13:30

13:36
13:37

13:42
13:46

FPL power down and off
HP-2116C stop
HP-9845T stop

Circulation & mizing operation

Valve setting

| ¥B-10T ] VA-102 | Vi-103 | VE-10% ] VE-109 [ VB=T10 |
|_160 % { open | 10D Z | 100 % | 100 & | 100 % |

Pump on (~150 1/min)
Auxiliary heater powsr on
Auxiliary heater power off

Flow-meter calibratiom run

Bun 37(0}CAL—0-143B (No. .ce Fouora)

Pump off
Valve aetting

| vB=101 | va-102 | Vi=103 [ VE-104 [ vB-109 [ VE-11
| 160 Z | close | 0% [ 0% |

HP-9845T start
BP-9845T stop

Low-heat-flux boiling run; series (2) {coutinued)

Run 37(33)LEF-240 (power increase and flow decrease method;
No. 157, #14305)

Valve netting

| ¥B-101 | VA-I02 | vi-103 | VE-104 | VE-100 | VA-110 ]
{100 Z | close | 32 0% | 0% ]6.25% |

Pump oo (~3 1/min)
HP-9845T start
FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011n Hold Note
No. | (kW) | (w/em?) | (n/s) | (°0) (°c) time

1 0.09 0.03 aanns 490 | ..... senne

2 1.16 0.38 cuase | seses PR T eenus

3 11.77 3.88 PP cisen csses | aesea

4 13.35 4 .40 0.046 481 .4 882.7 13740 (IB)

Boiling was initiated before starting data loggers
YODAC scanning
T-003 = 48l.4 °C, T-1011M = 878.0 °C, F-103 = 0.039 n/a
BP=2116C start
FPL power up

13:49

13:56
13:58
13:59
14:03
14:04

14:43
14:43
14:44

14:47

14:48

14:48
14:49

14:59
15:01

15:04
15:05

5 20.19 6.66 0.030 | 472 908 1'26" | B

6 27.38 9.03 0.025 “ 907 1'46" | B

7 29.50 9.86 0.023 " " 1'30" | B
Punp power down

8 29.73 9.81 0.016 | ...., eses 1'43" ' B

9 29.60 9.76 0.012 | .uuss ceaea 1137 | B(D)

10 28.00 9.56 0.009 crseas sasen 349" B(D)

P-201 = 0.0991 MPa, Tz, = 908 °C
FPL power manual down & off
HP-2116C stop
Pump power up (~10 1/min)
HP-9845T atop
Exhaust of argon gas from SBL & FPL gas volume

Flow-meter calibration run

Run 37(0)CAL-0-143~C (No. ..., #.....)

Pump of £
HP-9845T start
Valve setting

VE-101 [ VAZI07 | WE103 | VE-104 | VB-109 | VB~110 |
1007 [ciose | 0%] ©0%] 0% |6.25%]|

HP-9845T stop

Low-heat—flux boiling run; series (2) {continued)

Run_37(33)LHF-241 (power increase and flow decrease wathod;
No. 158, #14306)

Valve setting

Vi-101 | VA-102 | VM-103 T"VR-104 | VH-109 | VE-110 |
100 Z | close | 3% | 0 % | 0% [6.25 % |

Pump on (~2 1/min)
FPL power om

Step | Power | Heat flux | F=103 | T-003 | T-10114 Hold Note
No. | (kW) | (W/em?) | (we) | (°0) °c) time

1 0.10 0.03 P - . D

2 9.16 3.02 0.033 | 456.1 761.5 15'00"

HP—~9845T start
YODAC scanning
T-003 = 456.1 °C, T-1011M = 761.5 °C, F=103 = 0.031 w/s
HP-2116C start
FPL power up
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15:13

15:13

15:15
15:16
15:20
15:22

15:44
15:44
15:44

15:46

15:51

15:51
15:52

16:02

16:04
16:04
16:05

3 17.73 5.85 0.032 | 451 803 1724" IB
4 25.66 8.46 0.028 " " 1'52" | B
5 35.17 11.60 0.026 { 449 " 2'13" | B
6 44 .75 14.76 0.031 | 450 b 204" B{D)
Pump power dowm
|7 T 44.00 T 14.51 | 0.021 [ 449 | 803 I .. .. TBMOD |
P-201 = 0.0294 MPa, Ty, = 803.0 °C
FPL power auto-scram ..... high temperature
(trigger signal = T-201M, =p = 0.37)
Punp power up (~2 1/amin)
HP-9845T stop
AP-2116C stop
Pump power up (~10 ifmin)
Flow-meter calibration run
Run 37(0)CAL-0-143-D (Wo. ..., #..... )
HP-9845T start
Pump off
Valve setting
VA-101 | VA-102 | VM-103 | VH-104 | VB~109 | VB-110
100 % | close | 0% | [ 0 Z | 6.25 %
HP-9845T stop
Low-heat-flux boiling run; series (2) (continued)
Run 37(33)LHF-242 (power increase method; ¥o. 159, #14307)
Valve setting
I"VE-101 | VA-102 | VH-103 | VB-104 | vB=-10% | VH-110 |
| 100 % [ close | 3 £ ] 0% | 0% | 6.25 % |
Pump on {~2 1/min)
FPL power ou
Step | Power | Heat flux | F-103 | T-003 | T-10LlM Hold Note
No. | (kW) | (Wew?) | (m/s) [ (°©) (°6) time
1 0.10 G.03 0.036 | .os.n . veane
2 4.80 1.58 rasen cesne | manes venes
3 8.16 2.69 0.036 | 553.% 690 12'00"

YODAC scanning
T-003 = 453.9 °C, T-10L1M = 696.4 °C, F-103 = 0.039 m/s’
HP-9845T start
HP-2116C start
FPL power up

16:08
16:09

16:10
16:12

16:27
16:27
16:27

16:30

16:31

16:31
16:32

16:40
16:43

16:44
16:45

16:48

16:49
16:51

| [ 17.53 5.78 | 0.033 | e ceeas 1'18" | IB
5 25.82 8.52 0.008 | 430 803 1'33" | B(D)
P-20t = 0.0294 MPa, Tg,: = 803.0 °C
FPL power auto—sScYam esses high temperature
(trigger signal = T-101L, xp = 0.98)
HP-2116C stop
HP=-9845T stop
Pump power up (~2 + ~i0 1/min)
Flow-meter calibration run
Run 37(0)CAE~0=143=E (HO. vuu, Fouuss)
Pump off
HP-9845T start
Valve setting
VE-101 | vA-102 [ vM-103 | VH-104 | VB~109 | VB-110 |
100 % | close | 0 Z ] 0% ] 0% | &6.25% |
HP=-9845T stop
Low-heat—flux boiling run; series (2) (continued)
Run 37(33)LHF-243 (power increase method; No. 160, #14308)
Valve setting
VH-101 | VA-102 | VM-103 ] VB~104 | VE-109 | VE-110
100 £ | close | 3Z 1 07 | 0% [6.25 2%
Pump on (~2 1l/win)
FPL power on
Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
No. | (k) | (Wem?) | (m/s) | (°C) (°c) time
1 Q.09 003 | saena | arean | ewennr “aaee
2 9.16 3.02 0.043 | 447.6 | ..... 13'oo*
YODAC scanning
T=003 = 447.6 °C, T-10l1M = 654.,5 °C, F-103 = 0.039 n/s
HP-9845T start ’
HP-2116C start
FPL power up
3 l 14.52 4,79 | 0.018 | 435.7 805 122" IB
4 24.49 §.08 0.014 | 429.2 807 1'17" | B(D)

P-201 = 0.0304 MPa, Tyaap = 805.0 °C
FPL power auko-scram ..... high temperature
(trigger signal = T-306M, xg = 0.51)
HP-2116C stop
HP-9845T stop

96~-C8 TH6NS ONd




— £9T —

16:53

16:58
17:03
17:04

17:06

23:53

‘ 7:00

8:50

8:58
9:00

9:01
9:01

9:02

Pump power up (~2 + ~10 1/min)

Circulation & purification operatiom

Valve operation to £ill the SBL & FPL with argon gas
Pump off
Valve setting

VE~10L ] VA-102 | VH-103 | VE~104 | VB-109 | VH-110
300 £ | open | 100 Z | 100 % | 100 £ | 100 %

Pump on {~150 1l/min)

Circulation & heat-up operation

Auxiliary heater power on

28

1930.2.

Re-setting of the preheater power coantroller
{changed from 250 25 °C to 450 #25 °C)
Auxiliary heater power off

Flowneter and thermocouple calibration runs

Run 37(0)}CAL-0-143-F (No. 161, #14309)

Pump of £
HP-8945T astart
Valve setting

VE-101 | VA-102 | Vi-103 | VE-104 | VE-109 ] V=110 |
100 ¥ | cloge | 0% | 0% | 02 [6.25 % |

YODAC scanning
T-003 = 482.5 °C, T-1011M = 499.0 °C, F-103 = 0.008 w/s
HP-2116C start
HP-9845T gtop |
HP-2116C atop

Bun 37(0)CAL-05-143-B (No. 162, #14310)

Valve setting

VE-101 | VA-102 | V103 | vB-104 | VE=-109 | VB-110
100 % | close 100 0 0% | 6.25 2

Pump on (~15 1/min)}

YODAC scanning ..
T-003 = 478.4 °C, T-1011M = 476.7 °C, F-103 = 0.290 u/s

HP-2116C start

HP-2116C stop

Low-heat=flux bolling run; series {2) (continued)

9:10

9:10
9:12

9:43

9:44
9:46
2:48

Run 37(33)LH¥F-244 (power increase and flow decrease method;
No. 163, #14311)

Pump of £
Valve setting

| VH-101 | VA-102 | VM-103 [ VE-104 [ VH-109 | VH-110 |

100 ¥ | close 2 X [ 0% ]| 6.25 2
Pump on (~2 1/min)
FPL power on
Step | Power | Heat flux | F-103 | T-003 | T-LO11M Hold Note
No. | (&) | (Wen?) | (m/e) | (°O) °c) time
1 0.09 0.03 veses | ennns veven reeen
2 4.95 1.63 vanan | venen PN cesen
3 10.09 3.33 [ ... fansas sesen arees
A 13.00 4.29 0.038 | 463.2 resee 9'00"

YODAC scanning

T-003 = 463.2 °C, T-1011M = B46.8 °C, F-103 = 0.039 n/s
HP-9B845T start
HP-2116C start

FPL power up
5 20.85 5.88 0.037 | +uu.. seres 100" | IB
6 26.09 §.60 ¢.033 veues resna 1'28™ | B
7 34.50 11.38 0.034 canes rasen 2'10" B
B 37.28 12.29 0.031 seses | easaa 2'20" | B
Pump power down
9 35.56 11.72 0.024 | <seve | eenen 1730~ | B(DJ
10 35.23 11.61 0.022 | ..... e 2'00" | B(D)
11 35.16 11.59 0.020 | 426 sevae 40" | B(D)

P-201 = 0.0991 MPa, Tgar = +4..s °C
FPL power auto-scram ..... high temperature

(trigger signal = T-201M, xp = 0.49)
Pump power up {~3 I1/min}
HP-9845T stop
HP-2116C stop

Circulation & mixing operation

Pump off
Valve setting

VA-10L | VA-102 | V103 | VB~104 ] VE-109 | VA~110 |
100 % | open | 100 % | 100 % | 100 % | 100 % |

Pump on {~150 1/min)
Auxiliary heater power on

(sodium temperature level change from °C to °C)
Auxiliary heater power off
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10:37
10:37
10:38

10:40

10:40

10:40
10:41

10:53
10:57
10:57

10:57
10:58

11:05

11:15

Flow-meter calibration run

Run 37{0)CAL-0-143—G (No. ..., {#

Pump off
HP-9845T start
VYalve setting

VE=101 | VA-102 | VM-103 |

VE-104 | vE-109 | VE-110 |

100 £ | close | 02

0 x| 0% | 6.25 % |

HP-9845T stop

Low-hgat-flux beiling run; series (2) (continued)

Bun 37{33)LHP-245 (power increas

e and flow decrease method;

Valve setting

HNo. 164, #14312)

VE-101 | vA-102 | VM-103
100 X close 2z

VE-104 | VH-109 | VHB-110
02X 0% ]6.25 %

Pump on {~2 1l/min)
FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011¥ Hold Note
Ho. (kW) (#/co?) {u/s) e °c) time

1 0,09 G-03 | eeeee | sece- reees veres

2 | 10.81 3.56 vever | veees veee | eeean ‘

3 11.69 3.86 0.040 G47.2 | +eena 6'30™ (IB)

YODAC scanning
T-003 = 447.7 °C, T-1011M
HP-9845T start
HP-2116C start
Boiling was dnitlated
FPL power up

= 793.0 °C, F-103 = 0.039 n/s

[ 19.7] 6.34 0.033 reenn e 1'37" | B
5 30.16 9.95 0.032 | ..... seans 125" | B
] 38.54 12.71 0.032 [ woven | vuess 1'50" | B
7 48.70 16.06 0.03B | +c.ss fasns 1'47” | B(D)
Punp powor down
3 49.13 16.20 0.028 | +oevs ceren 2'03" | B(D)
9 48.01 15.83 0.016 | cvnse P 1'55" | B(D)
10 48.01 15.83 0.000 | lfewen | anees 2'20" | B(D)
11 47.52 15.70 0.007 veses | wnnen 2702" | B(D}
12 47.93 15.80 0.005 | ..... taeaa 1'50" | B(D)
FPL power up
|13 ] 57.86 ] 19.08 [ 0.003 [ 404 [ tease [ 123" T 3(D)

11:16
11:16

11:17
11:18

11:19

11:34
11:34

11:35
11:37

11:38

11:38
11:38

11:48

11:50
11:50
11:5L

11:54
11:54

=201 = 0.0991 MPa, Tgae = cores °C
HP-2116C error stop
{over-flow of mass strage)
FPL power auto—scram ..... high temperature
(trigger signal = T-101L)
Pump power up (~¢ 1/min)
HP-9843T stop

Pump power up (~10 1/min)

Flow-meter calibration run

Run 37(0)CAL-0-143-H (No. ..

Pump off
Valve setting

| VE-101 | VA-10Z | Vi-103 | Vi-104 | Vi-109 | VE-110 |
100 % [cloge | D Z 1 [

HP-9845T start
HP-9845T stop

Low~heat=flux boiling run; series (2) (continued)

Run 37(33)LHF~246 (power increase method; No. 165, #14313)

Valve setting

| vB-101 § vA-102 [ v1-103 | VH-104 [ VE-109 | VH-110 |
{100 % | close | Zz % | 0% | 0% [6.25% |

Pamp on (~2 1/min)}
FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011H Hold Note
o . (kW) (W/en?) (m/s) (°c) °c) time

1 0.09 0:03 1 weere | saeee | auarer eeeas

2 8.83 2.91 0.043 | 449.8 | ..... 13'00"

YODAC scanning
T-003 = 449.8 °C, T-1011M = 712.2 °C, F~103 = 0.039 /s
HP-2116C start
HP-9845T start
FPL power up

3 20,24 6.67 0.047
4 21.86 7.20 "

verae ‘ vaaen ‘ 17447
0"

XXX e e

FPL power auto—scram ..... high temperature

(trigger signal = ......: guper heat)
HP-2116C stop
HP=-9845T stop

Clrculation & heat-up operation
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11:57
11:57

11:59

12:00

13:00

13:01
13:03

13:10
13:11

13:12

13:12
13:13

13:24

13:26
13:26
13:27

Pump off
Valve setting

VE-101 | VA-102 | VM-103 | VE-104 | VE-109 | Vi-110 |
100 2| open | 100 % | 100 % | 100 % | 100 % |

Punp on (~150 1/wmin)
Auxiliary heater power on

(sodium temperature level change from °C to °C)
Auxiliary heater power off

Flow-nmeter calibration run

Run 37(0)CAE~0-143=T (NE« =va, fuvu..)

Pump off
Valve setting

[ ¥E-101 | VA-102 ]| V=103 | V104 | VA-109 | VE-110 |
{__100 Z [ close | 0% 0% | 0% 16.25% |

HP-9845T atarc
HP-9845T stop

Low-heat—flux boiling run; series (2) (continued)

Run 37(33)LHF-247 (power increase and flow decreage method;

No. 166, #14314)

Valve setting

VB-101 | VA-10Z | VI-103 [ Vi-104 | VA-109 | VE-1I10
100 2 | close | 2% [ 0% ] 6.25%

Pump on (~1 1/min}
FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011H Hold

Note
No. | (kw) (/cm?) (w/s) | ("o ey time
1 0.09 0.03 | ..... caaes caves crees
2 10.04 3.31 [ fenne cenes trava
3 11.02 3.63 0,020 | 44644 | ..... 1373g"
YODAC scanning
T-003 = 444.4 °C, T-1011M = 712.3 °C, P-103 = 0.016 n/s
HP-9B45T start
HP-2116C start
FPL power up
a 16.48 5.44 0.023 P ceeen 125"
5 20.22 B.67 0.020 | ..... P 150" B
] 27.65 9.12 0.018 | ..... RN 1'50" | B
7 30.09 9.92 i conae T 1'43" | B(D)

13:34

13:42
13:43

13:44
13:44

13:56
13:56
13:56

13:59

14:01

14:01
14:02

14:16

14:18
14:18
14:19

Pump power down

8 29.80 9.82 0.008 rnees iens 17377 | B(D)
9 29.32 9.67 0.006 | ..... reeas 137" | B(D)
10 27.42 9.04 0.000 | ..... P 1'35" | B(D)
11 27.69 9.13 -0.001 [ rraae 1'42" { B(D)
12 27.26 B.99 =0.002 | ...., feaes 2'35" | B(D)

P=201 = 0.0991 MPa, Tyap = vurse °C
HP-2116C error stop
(over-flow of mass atrage)
FPL pover wanual-scram ..... time up
Pump power up (~4 1/min)
HP-9845T stop

Flow-meter calibration run

Run 37(0)CAL—0-143=J (Nos e, fauees)

Punp off
HP-9845T start
Valve setting

VE-101 | VA-102 | VM-103 | VE-i04 | VE-109 | VA-110 |
100 % | close | 0z | 0% | 0% | 6.25 % |

HP-9B45T stop

Low-heat-flux boiling run; series (2) (continued)

Run 37(33)LHF-248 (power increase and flow decrease method;
No. 167, #14315)

Valve setting

| VH-101 | VA-102 | VM-103 | Vi-104 | VE-109 | VA-110 |
[ 100 £ | close | 2 %] 0% | G %] 68.25% |

Punp on (~2 1/min)
FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011H Hold Note
No . (kW) (W/cal) (mfs) | - (°¢) (°c) time

1 0.09 0.03

2 10.15 3.35 evne e tenen teees

3 11.89 3.92 0.036 474.0 “aeans 16'00"

YOPAC scanning
T-003 = 474.0 °C, T-1011M = 833.3 °¢, F-103 = 0.039 o/s
HP~9845T start
HP-2116C starc
FPL power up

33.62 11,09 0.035 | «auue e 33"

4 T 23.61 7.79 lo.036 I I l 1752" J IB l
5
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14:29

14:31

14:31
14:32
14:33
14:34
14:40

14:35
14:58

15:03
15:04

18:21
18:26

19:45

6 43.87 14.47 0.034 | ..... ceens 133" | B
7 53.32 17.59 " venee | wuan. 2°06" ( B
8 62.73 20.69 " . vaves 156" | B
9 72.11 23.78 0.037 | -ees ievas 2'02" | B
Pump power down
|10 [ 7i.50 | 23.58 [ 0.029 [420 [ ..... [ 1'27"

P-201 = 0.1000 MPa, Tgap = ++2as °C
FPL power auto—scral .eaes high temperature

{trigger signal = T-307H, xp = 0.73)
Pump power up {~% 1/min)
HP-9845T stop
Pump power up (~15 l/min)
HP-2116C stop
Pin faflures are found
(#204 & #307, $404& & £#405, 0L & #402)

Circulation & mixing operaticn

Pump off
Valve setting

| VE-101 | VA-102 | VH-103 | VE-104 | VE-109 | VB-110
|~ 700 x | open | 100 % | 100 % | 100 % | 100 %

Putp on {~150 l/min}
Re-getting of the preheater power contxeoller
{changed from 450 25 °C to 250 25 °C)

Pump off
Sodium drain

Preheater power off

9¢—G8 T¥6NS ONd
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Records of the l44th operation

1980.3.17

8:40 Preheater power on
(airing temperature level = 250 *25 °C)

15:17 Sodium charge
(sodium level = EL-9100 mm)

Cireylation & purification operation

16:35 vValve setting

VH-101 { VA-102 | VM-103 | VH-104 | VH-109 | VB-110
100 X open 100 X 100 X 100 2 100 X

16:40 Pump om (~150 i/min)

Circulation & heat-up operation

23:30 Auxiliary heater power on

(temperature level change from 250 *25 °C to 450 225 °C)
23:32 Re-setting of the preheater power controller

(changed from 250 *25 °C to 450 %25 °C)

1980.3.18

Flow-meter and thermocouple calibratign runs

Bun 37(0)CAL-0150-144-4 (No. 168, #14401)

8:48 YODAC scanning
T-003 = 513.9 °C, T-1011M = 514.6 °C, F-103 = 0.565 n/s

Run 37(0)CAL~0-144-4 (No. 169, {#14402)

9:20 Auzxiliary heater power off
9:20 Pump off
9:22 Valve setting

VE-101 [ VA-10Z | VH-103 | VE-104 | Vn-109 | VB-1i0
25 2 | opea | 0z | [ 0% [ 6.25 ¢

9:23 HP-9B45T start
9:26 YODAC scanning
T-003 = 492.5 °C, T-1011¥ » 521.9 °c, F-103 = 0.000 mfs

Run 37(0)CAL~0-144~B (No. 170, #14403)

9:31 YODAC scanning
T~003 = 477.6 °C, T-101IM = 522.8 °C, F-103 = 0.000 m/s
9:31 HP-2116C start

9:34

9:58
10:03

10:24

10:25

10:25
10:26
10:26

10:27
10:29
10:31

HP-2116C stop
HP-9845T stop

Bun 37(0)CAL-05-1446-A (No. 171, #14404)

Valve setting

VH-101 | vA-102 | V¥-103 [ VH-104 [ vB-109 [ VH-110 J
25 Z | open | 100 % | 0% | 0% | 6.25 %}

Pump on (~5 1/min)
HP-9845T start
YOPAC scanning
T-003 = 483.9 °C, T-1011M = 481.5 °C, F~103 = 0.047 n/s
HP-2116C start
HP-2115C stop
HP-9845T stop

Low-heat-flux boiling runs; series (2) (continued)

(examination of dryout condition under low-flow}

Run 37(29)LHP-250 (power increase and flow decrease method;

No. 172, #14405)

Valve setting

VH-101 | VA-102 | vM-103 [ VH-104 [ VH-109 | VH-110 |
25 X | epen [ 100 % | 0% 50% |6.25 % |

Pump power adjust (F=103: ~2 1/min)
FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
No. (kW) (W/cnd) (n/s) (&) °c) time

1 0.07 0.02 | eeeve | eeren Ceeas PPN

2 2,57 0.96 venbe | renen cries ceres

3 | 5.8 1.95 coves | weses rresn cenun

4 8.01 3.01 I YT P TTT T T

FPL power down & off
{P~103 becomes too large due to the reversal flow of T-2 line)
Valve re-getting

VE-101 | VA-102 | vn-103 | VE-104 | VE-109 | VE-110 |
25% | open | 3% | OXA] O%]6.95% |

Pump on {F~103: ~2 1/min)
FPL power on
HP-9845T start

5 0.08 0.03 | ..... YT SN
6 2.93 1.10 [ «ause Leaas veens .
7 5.13 192 [ veves | waes | e 1v3g"
8 7.56 2.84 heans [ canas 127
9 8.97 337 ] eeeaa b oiaaas irees 3'16"
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10:34
10:39
10:43
10:43

10:44
10:44

10:54

10:59

11:00
11:01

11:02
11:03

11:23

11:23
11:25
11:26

11:28
11:37
11:38

11:39
11:40

1 10 ] .71 ] 3.66 10,031 | 431.9 | ..., | .....]

YODAC scanning
T-003 = 431.9 °C, T-1011M = 766.8 °C, F-103 = 0.031 m/s
HP-9B45T stop
HP-2116C start
BP~9845T start

FPL power up
11 15.53 5.83 0.024 | ..... R 1'00" | IB
12 20.53 7.70 " tesns ceses 1'51" | 8
13 25.28 9.49 0.018 | «uues cevee 1'37" | B
14 31.41 11.79 0.039 e revase 2'51" | B
15 33.57 12.60 0.034 | saann Ceeen 241" | B
Pump power down
16 33.01 12.39 0.035 P caase 181" [ B
17 " " 0.037 | waaee | seeer 1747" B
18 " " 0.038 cussw | aauas 145" | B
Pump off {natural circulation)
}— 19 ] 33.30 ] 12.50 0040 | cevvs | cauan [ 148" | B

P-201 = 0.0991 MPa, Tggt ™ «+e-- °C
BP-2116C error stop
(cver—flow of mass strage)
FPL power dowm & off
Pump on {~10 1/min)
HP-9845T stop

Run 37(29)LHEF-251 {power increase and flow decrease method;

No. 173, #14406)

Valve setting

{"VE-10L | VA-102 | VM-103 | VE-104 [ V109 | VB-110
|7 25 % [ oper | 2% ] 0% | 0% [6.25%

Pump power adjust (F-103: ~1 1/min)
HP-9845T start
FPL power on

Step Power Beat flux F-103 T-003 T-1011H Hold Hote
No., (kW) (W/em?) (a/s) {°C) (&) time

1 0.08 G.03 0,028 § -evvee | <uve- z8"

2 4.21 1.58 0.028 wesas | sewus 131"

3 | 11.99 .50 0.03L | 417 .4 | --ve-

YODAC scanning
T=-003 = 417.4 °¢, T-10L1M = B06.5 °C, F-103 = 0.031 w/s
HP-9845T stop
HP=-2116C start
FPL power up

11:43

11:49

11:59
11:39

12:00
12:00

12:10

12:10°

12:12
12:12
13:05

13:06
13:06
13:06

13:08

[ 17.00 6.38 cabbe | saass evans 1147
3 20.32 7.62 | «uena crene - 131" IB
[ 25.91 9.72 0.043 eesvr | aaunae 204" B
HP=-98453T start
7 31.15 | 11.689 0.047 caaen | cesen I 2'16" B
8 33.49 12.57 0,044 eeas eses 153" | B
Pump power down
Q9 33.15 12.44 0.042 esoan | aewnr 152" B
10 33.00 12.39 0.041 snsar | amres 146" B
11 32.35 12.14 0.035 [ PR Lrag" B
12 31.81 11.94 0.032 | e | aaeas 143" B
Pump off (matural circulation)
(13 [ 32.57 1 12.22 10,035 | veeee | weee: [ 360" | B

P-201 = 0,0991 MPa, Tgar = «-r:e °C

HP-2116C error step
(over—-flow of mass strage)
FPL power down & off
Pump on {(~2 1/min)
HP-9845T stop

Circulation & mixing operation

Pump off
Valve setting

VE-101 | VA-102 T vM-103 | VH-104 | VH-109 | VH-110
100 % open 100 % 100 % 100 % 100 %

Pump on {~150 1l/min)
Auxiliary heater power on
Auxiliary heater power off

Flow-meter calibration run

Run 37(0)CAL-0-144C (No. .vep Fecrss)

HP-9845T start
Pump off
Valve setting

VA-101 | VA-102 | vt+103 | vE-104 | vH-105 | VH-110 |
100 2 [ open | 0% 0% | 0 % | 100 4 |

HP-9845T stop

Low-heat-flux beiling runs; series (2) {continued}

96¢-G8 TH6NS ONd




— 691 —

Run 37(29)LyP-252 (power increase and flow decrease method; Run 37{29)LHF-253 (power imcrease and flow decreage nethod; o :
No. 174, #14407) Fo. 175, £14408) = |
13:10 Valve setting 14:16 Valve setting %
VE-101 | va-102 | W£103 | VE-104 | VE-109 | vB-110 | | _VH-T01 | VA-T0Z | Vm-103 | VB-1046 | VE-109 1 VB-110 | ‘_p'i
100 2 | open | Z % | 0% | 07 ] 100% | | 12.5 X | _open | 1.8 % | 0% | 0% [6.25 % | =
13:10 Pump on {(~I 1l/min) 14:20 Pymp on (~1 lfmin) &
13:11 FPL power omn 14:20 FPL power en 1
w
Step | Power | Heat flux | F-103 [ T-003 | T-10114 | Held | more Step | Power | Heat flux [ F-103 [ T-003 | T-1011H | Hold | mors o
No. | (W) | (wiem?) | (wfe) | (°0) °c) time No. | (kW) | (W/em?) | (mis) | o (§d0) time
1 0.07 0.03 0.009 saase svees 13700 1 0.09 0.03 erare shern, . “eess
- . I 2 5.38 2.02
®%:%% Check of the heater pin resistance ‘
(total pin resistance is wnexpectedly high} 14:24 HP-9845T start :
13:24 HP-9845T start 14:27 Punp power adjust (~1 1/min)
13:24 FPL power up
14:28 |3 T 7.99] 3.60 [ 0.010 | ..o T eeer | veees 1 I
2 5.38 2,02 0.026& vaaas N 3rio”
3 7.26 2.72 0.037 teans R 3rao” 14:34 YODAC scanning
4 7.51 2.82 0.050 | 488.9 [T 7'00™ T-003 = 416.0 °C, T-1011M = 722.6 °C, F-103 = 0.008 u/s
14:35 HP-9845T stop |
13:29 YOPAC scanning 14:36 HP-2116C start I
T-003 = 488.9 °C, T-1OLLM = 733.1 °C, F-103 = 0.047 n/s 14:37 FPL power up i
13:30 HP-9845T stop 14:38 HP-9845T atart
13:32 HP-2116C start
13:32 FPL power up 4 14.52 5.45 0.010 P . 1104" IB
. 5 19.78 7.42 0.00% | ..... teeen 1'05" | B
|5 [12.84 | 4.82 | 0.052 | ..... vease | 58" [ 1B | 6 24.94 9.36 " vevee verea 1'06™ | B
7 31.66 11.88 0.005 | ..... aves 215" | B(D)
13:33 HP-9845T start 8 32.95 12.37 0.006 | ..... ceven 1'51" | B(D)
6 19.14 7.18 0.050 | ..., henan 1'03" | B 14:45 Pump power down
7 24.74 9.29 0.054 | ..... sesen 1'03" | B
8 30.18 11.32 0.042 | ..... vevas 1'28" | B 9 33.00 12.39 0.006 | auvsn canan 137" | B(D)
9 33.10 12.42 0.049 | ..... saans 1'58™ [ B(D) 10 33.10 12.43 " cennn fenes 136" | B(D)
11 " " " reee ceene 1'28" | B(D)
13:39 Pump power down 12 “ - N T e 137" B(D)
10 33.10 12.42 . 0.052 veves | sssms 1'06™ | B(D} 14:51 Pump off (matural circulation)
11 33.00 12.38 0.055 PR reann 2104 B(D) .
12 33.20 12.46 0.055 | savae vesen 1'43" | B(D) |33 713310 [ 12.43 [0.006 T S0 § veeen | 1748 [ B(D) |
13 33.10 12.42 0.057 | weene | vennn 152" B({D)
P-201 = 0.099) MPa, Tgar = -e.ue °C
13:46 Pump off (natural circulation) 14:53 Valve open (VM-103: 1.8 £ + 2,0 + 2.2 )
14:56 FPL power dowm & off
.14 [ 33.10 1 12,42 | 0.059 | -rves | ..e.- [ 272" Te(@® | 14:56 HP-2115C stop
. 14:57 HP-9845T stop
P-201 = 0.0991 MPa, Tgap = +ene. °C ' 15:00 Pin failures are found
13:48 FPL power down & off (#409 & #306, #410 & #11 ..... insulation is broken)
13:50 HP-9845T stop *%:%% Separation of the failed pins

i
13:50 HP-2116C stop e
Circulation & purificetion operation !
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15:10 TValve setting 9:42 HP-9845T stop g
vH-101 | VA-102 ] VM-103 | vH~-104 | VB-109 | VH-110 Run 37 (25)H-002 (Ho. 179, #14412) a

T00 % | open 100 % | 100 % | 100 % | 100 % w

9:45 Pump power adjust {~4 1/min} =

15:15 Pump on {~150 1/min} 9:46 FPL power up \g
23;00 Auxiliary heater power on —
1 [ &.17 1 _1.82 [ 0.070 | 423.7 | ..... [ 10760" ] o

1980.3.19 9:47 HP-9845T start T
9:53 HP-9845T stop wn

8:00 Auxiliary heater power off 9:53 YODAC scanning =]

T-003 = 423.7 °C, T-1011M = 496.2 °C, F-103 = 0.071 w/s

Flow—meter & thermocouple calibration runs

Run 37(25)H-003 (No. 180, #14413)

Rua 37(0)CAL-0-144-D (No. 176, #14409)

9:56 TFPL power up
8:55 Pump off

8:55 vValve setting " 1 | 6.72 | 2.92 [ 0.068 | #430.8 | ..... | 13700" |
|"ve-101 [ VA-102 | V1103 T Vi-104 | vE-109 [ vE-110 | 9:57 HP-9845T start
{7100 ¥ | close | 0% | 0 % | 0% | 100 Z | 10:08 HP-9845T stop
10:08 YODAC scanning
8:56 HP-9845T start 7003 = 430.8 °C, T-1011M = 546.5 °C, F-103 = 0.063 n/s
9:01 HP-9845T stop 10:09 FPL power down & off
9:02 YODAC scanning
T-003 = 498.9 °C, T-1011M = 547.7 °C, F-103 = 0.000 /s Run 37(25)B-004 (No. 181, #14414) i
Run 37(0)CAL-05-144-B (No. 177, #14410) 10:40 Pump power adjust (~3 1/min)

10:40 FPL power on
9:06 Valve setting

Step | Power | Heat flux | ¥-103 | T-003 | T-1011M | Hold | ygee :
VE-101 | VA-102 | V=103 | VE-104 | VE-100 | VE-110 No. | (k) | (Wemd) | (mis) {| (O (°cy time :
100 % | close | 3% | 0xX | 0% | 100 % 1 Q.07 0.03 saaen PR cenra 5"
2 4.88 2.12 0.060 416.4 cenes 12'00"
9:06 Pump on {~3 1/min)
9:07 HPP-9845T start 10:47 HP-9845T start
9:18 HP-9B45T stop 10:49 HP-9845T stop
9:20 YODAC scanning 10:49 YODAC scanning
T-003 ="494.1 °C, T-10l1M = 5307.5 °C, F-103 = 0.047 m/s T-003 = 416.4 °C, T-1011M = 507.4 °C, F=103 = 0.035 n/s
Heat balance check runs Run 37{25)H-005 (No. 182, #14415)
Run 37(25)B-001 (Wo. 178, #14411) 10:53 FPL power up
9:29 HP-9845T start . Step | Power | Heat flux [ F-103 | T-003 | T-1011M Hold Hote
9:30 FPL power on . No. (kW) (W/em) {m/5) (°c) (°c) time
1 7.74 3.37 0.060 414.9 csnen 4700
Step | Power | Heat flux | F-103 | T-003 | T-1011H Hold Note
Wo. 1 (kW | (Wem?) (wfs) | (°C) {6 tize 10:54 HP-9845T start
1 0.07 0.03 0.029 ceves Peeen 5" 10:56 HP-9845T stop
2 3.97 1.73 0.036 [ 438.3 16'00" 10:56 YODAC scanning

T-003 = 414.9 °C, T-1011M = 555.6 °C, P-103 = 0.0535 n/s
9:41 YODAC scanning
T-003 = 438.3 °C, T-1011M = 567.6 °C, F-103 = 0.031 w/s Run 37¢25)H-006 (No. 183, #14416)
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10:57

10:59
11:01
11:01

11:03
11:04

- 11:10

11:10

11:12

11l:14
11:17

11:18

11:20

11:21
11:35

11:36

11:38

FPL power up

Step | Power | Heat flux [ F-103

T=003 | T-1011M Hold

3 > o Note
No. (kW) {W/em?) (m/s) (°C) {°C} time
1 9.0& 3.93 0.061 | 413.7 aaaen 7'go”
BP~9845T start
HP-9845T stop
YODAC scanning
T-003 = 413.7 °C, T-10114 = 574.8 °C, P-103 = 0.063 u/s
Run 37(25)H~007 (No. 184, #14417)
HP=-9845T gstart
Pump power down (~2 l/min)
Step | Power | Beat flux | F-103 | T-003 | T-1011M Hold Note
No. | (kW) | (W/ew?) | ¢m/s) | (°c) &) time
1 8.72 3.80 0.037 [ 410.4 aree 300"
HP-9845T stop
YODAC scanning
T-003 = 410.4 °C, T-10l1M = 654.7 °C, F-103 = 0.031 u/s
Run 37(25)H-008 (No. 185, #14418)
FPL power dowa
Step | Power | Heat flux | F-103 | T003 | T-1011H Hold Note
¥o. (W) (W/cm?) (m/s) (°c) (°c) time
1 6.70 2.91 0.028 409.1 tenna 8'00"
HP-9845T start
YODAC scanning
T-003 = 408.1 °Cc, T-1011M = 602.5 °C, F-103 = 0.031 u/s
HP-9845T stop
Rup 37(25)8-009 (No. 186, #14419)
Pump power down {~1 1/min)
Step | Power | Heat flux | F-103 | T-003 | T-1011H Hold Note
No. | (W) | (wew?) | (u/s) | (°0) °e) time
1 6.42 2.80 0.022 | 394.0 carna 12700"
HP-9845T start
YODAC scanning
T-003 = 394.0 °C, T-1011d = 692.6 °C, P-103 = 0.016 m/s
HP-9845T stop
Ruan 37(25)8-010 (No. 187, #14420)
Pump power down (~0.8 1l/min)
| step | Fower | Heat flux | F-103 | I-003 | T-1011K | Hold | gore

11:40
12:04

12:05
12:06

12:08
12:08

12:10
12:11

13:00
13:01

13:02
13:02
13:38

13:38
13:40

13:42
13:45
13:45

13:46

13:47
13:47
13:55

No. (kW) (W/ cm?) (/) °c) °c) time

1 6.38 2.78 0.017 v senss canas

BP-9845T start
YODAC scanning
T-003 = 373.7 °¢, T-10114 = 725.9 °¢, F-103 = 0.016 m/s
HP-9845T stop
FPL power dowm & off

Circulation & cooling opration

Pump of§
Valve setting

VE=101 | VA-107 { VM-103 | VB-104 | VA~100 | VA-110 |
100 %Z | opem | 1007 | 100 % | 100 £ | 100 % |

Pump on (~150 1/min)

Re-getting of the preheater power controller
(changed from 450 #25 °C to 250 #25 °C)

Pump off

Valve setting

| VE-101 | va-102 | yM-103 | VB-10% | VBE-109 | vB-110
[_I00% | open | 100 % | 100 % | 100 % | 0%

Pump on (~150 1/min)
FPL main air coeler on
FPL main air cooler off

Flow-meter & thermocouple calibration runs

Bun 37(0)CAL-0-144—E (No. 188, #14421)

Pump off
Valve setting

VH-101 | VA-102 [ "¥%-103 | VA-104 | vB-109 | VB-110 |
100 £ | close | 0% | 0% | 0Z] 100 % |

HP-9845T start
HP-9845T stop
YODAC scanning
T-003 = 295.2 °C, T-1011M = 315.8 °C, F-103 = —0.008 m/s

Run 37(0)CAL~05-144-C (No. 189, #14422)

Valve setting

VE-101 | VA-102 | vi-103 | Vi-104 | VE-109 | VH-110
100 % | close | 3% | 0] 0% [ 1007

Pump on (~5 1/min)
HP-9845T start
HP-9845T start
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13:535

13:58

14:00
14:03

14:04

" 14:06

14:07
14:13
14:13

14:15

14116
14:21
14:21

14:23

14:28
14:28

14:29

YODAC scanning

T-003 = 295.0 °C, T-101liM = 313.0 °cC, ¥-103 = 0.071 n/s

Heat balance check runs (continued)

Run 37(25)E-101 (No. 190, #14423)

FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011lM

Hold

Note
No. | ¢y | (wiem?y | (m/s) | (°C) (°c) time
1 0.08 0.04 rever | aeaes ceaes 5"
2 6.89 3.00 0.079 1 293.4 | ..... 8'00"
HP~9845T start
YODAC scanning
T-003 = 293.4 °C, T-101lM = 383.3 °C, F-103 = 0.078 afs
HP-9845T stop
Run 37(25)E-102 (No. 191, #14424)
Pump power dewm {~3 1/min)
Step | Power | Heet flux | F-103 | T-003 | T-1011M Hold Note
No. | (x® | (wem?) | (wfs) [ (") (°cy time
1 6.54 2.85 0.048 | 290.7 reess 9700"
HP-9845T start
HP=9845T stop
YODAC scanning
T-003 = 290.7 °C, T-1011M = 414.1 °C, F-103 = 0.047 n/s
Run 37(25)H-103 (No. 192, #14425)
Pump power down (~1 1/min)
Step | Power | Heat flux | ¥-~103 | T-003 | T~10L1IM Hold Note
No. (kW) (W/cal) (n/5) (°C) (°C) time

1 6.30 2.74 0.022 | 289.8 tanes

HP-9845T start
HP-9845T stop
YODAC scanning

T-003 = 289.8 °C, T-1011M = 484.5 °C, F-103 = 0.01l6 /s

FPL power down & off

LOF controller test runs

Pump of{
Valve setting

VE-101 | VA-102 | VM-103 [ VHE-104 | VB-109 [ VE-110

100 2 | open | 100 % | 0% | 100 % | 100 %

Pump on (~40 1/ain)

15:25

15:30

15:40

16:21
16:26

19:10

.

Pump of £

Circulation & mixing operation

Valve setting

VH-101 | VA=-102
100 Z open

VM-103
100 %

VH-104
100 %

VH-109
100 %

VH-110
100 %

Pump on (~150 L/min)

Pump of f

Sodivm drain

Preheater power off
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Record of the 145th speration

1980.4.8

8:30

Preheater power on
(aiming temperature level = 250 #25 °C)

14:37 Sodium charge
(sodium level = EL-9100 mm)
Cireuletion & purification operation
15:20 Valve setting
|_¥E=101 | Va-102 [ V¥-103 | VE—104 | VB-109 | VA-110 |
|_100 X | opem | 100 2 | 100 % | 100 % [T1o0 % |
15:23 Pump on (~150 l/min)
Circuiation & heat-up operation
22:40 Auxiliary heater power on
(temperature level change from 250 +25 °C to 450 %25 °G)
1980.4.9
8:00 Re-setting of the preheater power controller
(changed from 250 *25 °C to 450 #25 °C)
9:00 Operation check of the ges injection systenm
9:45 Auxilfary heater power off
Gas release test operatiom
9:45 Puap off
9:46 Valve setting
|_vB-101 | VA~102 | V103 | VE-i04 | VA-109 ] VH-110
| 100 % | close | 3% 0% | 0% [6.25%
9:48 VA-150 open
(gas injection from inlet piping)
Gag plenum pressure = ..,.,. MPa, F=103 = .,... n/s
Gas release rate = ..... g/5 (steady)
10:20 VA-150 close
(stop gas injection)
10:22 ETK gas purge from VA-207 & VA-208 valves
Flow-nmeter & thermocouple calibration runs
Run 37(0)CAL-05-145-A (No. 193, #14501)
10:54 Pump on (~3 1/min)
10:59 YODAC scanning

11:
:01

1l

11

11:
11:

11:
11:

11:

11:
11:

11

11:
11:

11:
11:
11:

Q00

102
11:
11:

07
a7

09
10
10

22
24

126
11:

27

38
38

49
49
50

T-003 = 430.9 °C, T-1011M = 410.8 °C, F-103 = 0.063 m/s
HP-2116C start
HP-2116C stop

Run 37(0)CAL-0-145-A (No. 194, #14502)

HP-9845T start
Pump of £
Valve setting

VE-101 | VA-102 | VH-103_| VB-104 | VE-105 | VE-110
I60% [ close | 0% | O%| ©G&%]6.95%

YOPAC scanning
T-003 = 397.4 °C, T-10114 = 410.9 °C, F-103 = 0.000 w/s
HP-2116C start
HP-9845T stop
HP-2116C stop

Low-heat-flux- boiling runs; seriea {3)
(examination of the effect of gas release on the coolability)

Run 37 (26 )LHF-260 (power increase and flow decrease method;
No. 195, #14503)

Valve setting

VE-101 | VA-102 | VM-103 | VB-1G4 | VB-109 | VE-110
W00 % | close | 2.5 & | [IF 0% | 6.25%

Pump on (~2 1/min)
SBL & FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-101iM Hold Note
Ho. | (kW) | (W/em2) | (wfs) | (°C) (>e) time
Total FPL/SBL
1 0.10 | 0.05/ 0.03] ..... reees . 30"
2 4.88 | 2,10/ 1.71] 0.024 | ..... craes 2'30"

HPF=-9845T start
SBL & FPL powar up

|3 _110.60 | 4.517 4.02] 0.023 | 394.2 | .+eee [ 237007 ]

HP-9845T stop
TODAC scanning
T-003 = 394.2 ¢, T-1011M = 730.7 °C, F-103 = 0.024 m/s
HP-2116C start
HP-98457 start
SBL & FPL power up

4 19.02 | 7.97/7.90T 0.023 [ ..... weins 17277

5 26,79 [11.20/11.29| 0.025 | +euu. cesne 1'40" | 1B
6 33.19 [13.92/13.75( 0.032 | ..... venna 2'00” | B

7 39.45 116.53/16.41] 0.035 | ..... venen 1'40" | B
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11:57

12:00

12:03

12:06
12:07
12:07
12:08

12:10
12:10

12:15
12:15
13:00

13:11
13:13
13:13

13:15

VA-150 open
(start of gas injection frem inlet piping)
Gags plenum pressure = ..... MPa
Gas release rate = ..... gfs

| 8 [39.70 116.63/16.51] 0.035 | ..... [ ..... ] 3700" | B

Increase gas pressure

Gas plenum pressure = «.... Mea
Gap release rate = ..... gls
| 5 | 38.83 [16.27/16.15] 0.031 [ seces | ..... [ 300" [ B

Increase gas pressure
Gas plenum pPressure = ..... MPa
Cas release rate = ...+ g/5

[T16 ] 39.37 [16.50716.38] 0031 | <cvs: | veee. I _3'00" | B

P=201 = 0.0991 MPa, Tgay = +ss:x °C
SBL & FPL power down & off
HP-2116C stop
HP=-9845T stop
VA—-150 close
(stop gas injection)

Circulation & mixipg operation

Pump off
Valve setting

| VE-101 | VA-102 | V¥-103 | VE-104 | VE-109 | VB-110
| 100 Z { open | 100 % | 100 % | 100 % | 100 %

Pump on (~150 1/min)
Auxiliary heater power on
Auxiliary heater power off

Flow-meter calibracion rum

. Run 37(0)CAL=0-145=B {Noa <ovy Foueus)

HP-9845T gtart
Pump off
Valve setting

{ VA-I01 | VA-102 | VM-103 [ VH-104 | VH-109 | VE-110 |
| 100 X 1 c¢lose | 0% 1 0% | 0% | 6-25 % |

HP-9845T stop

Low=heat-flux boiling runs; series (3) (continued)

Run 37(26)LHF-261 (power increase method; No. 196, {#14504)

13:16

13:17
13:19
13:19

13:23
13:30

13:40
13:462

13:43
13:43
13:44

13:49

13:49
13:51
13:53
sk gk
fok K

14:286

14:27

14:27
14:28
14:31

Valve settiog

VB-101 | VA-102 | VM-103 | VB-104 | VA-109 ] VA-110
100 Z | close | 1.5% | 0% | 0% | 6.25%

Pump on (~3 1/ain)
HP-9845T start
Pump off
(confirmation of zero—flow offset of F-103)
Pump on {~1 1/min)
SBL & FPL power on

Step | Power | Heat flux | F-103 | T-Q03 | T-LOllM Hold

Not
No. (kW) W/ em?y {mfs) {°C) {°C) time ©
Total FPL/SBL
1 0.08 | 0.03/ 0.02]| 0.010 veues veres [5
2 9.14 | 3.81/ 3.89| 0.009 vress vaess 14'00"
HP-9845T stop
YODAC scanning
T=003 = 479.6 °C, T-1011M = 812.0 °C, F=-103 = 0.039% o/s
HP-9845T start
HP-2116C start
SBL & FPL power up
3 18.24 | 7.63) 7.64] 0.010 | +osss veves 1712 | 1B
4 28.53 |12.00/11.62] 0.014 cspas | wmaas 144" | B
s | 37.45 [15.74/15.33| 0.015 | ..... cenas 1742 | B(D)
& 38.37 [15.74/17.83 " ceene | een=s 6" | B(D)
P-201 = 0.0991 MPa, Tgar © sese. °C
High temperature alarm with no auto—scram
(trigger signal = T-311M)
SBL & FPL power manual-scram
HP-2116C stop
HP=-9845T stop
Pin failures are found (#416 & #417 pins)
Separation of falled pins from power supplies
Run 37(24)}LHF=-262 (power increase and flow reduction method;
No. 197, #14503)
Pump off
Valve setting
VH-101 | VA-102 [ VM-103 | VH-104 | VBE-109 | VE-110 |
100 % | close | 2 % | 0% | 0% [ 6.25 % |
Pump on (~1 Lfmdn)
HP-9845T start
SBL & FPL power on
Step | Power | Heat flux | F-103 | T-003 | T-L0liM Hold Note

No. (kW) (W/em) (m/8) (°c) (°c) time
Total FPL/SBL
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)3 0.08 0.04/ 0.03 0.027 | ..... caean 1ozt 16:29 HP-9B45T stop ]
2 4.57 | 2.12/1.55 0.018 | ceeae | aean. 2'08" 16:30 YODAC scanning % :.
3 7.69 | 3.49/ 3.417 0.014 [ ..... snann 157307 T-003 = 390.2 °C, T-1011M = 826.0 °C, F~103 = 0.016 w/s *
16:40 EP-9845T start o)) |
14:47 HP-9B45T stop 16:41 HP=-2116C start %
14:49 YODAC scanning 16:42 FPL power up I~
T-003 = 429.9 °C, T-1011M = 761.6 °C, F-103 = 0.024 m/s =
L4:49 HP-2116C start 4 16.34 &.89 0.025 | vev.s tense 46"
14:49 SBL & FPL power up 5 20.88 11.36 0.019 | <ouee vense 156" a
3] 24.95 13.57 0.016 | weues PN 1'37" | 1B | |
|- & T12.95 [5.927 5.59] 0,014 | ... ceses | 27047 T IB | 7 30.55 16.62 0.028 seses cnaas 2'18" | B '5': |
14:50 HP-9845T start 16:49 VA-150 open
14:51 SBL & FPL power up (start of gas injection from inlet piping)
X Gas plenum pressure = ..... MPa
5 18.95 | 8.59/ g8.68] 0.014 [ ..... rrens 1'34" | B Gas release rate = ..... gf3
6 25.06 [11.38/11.23] 0.0L5 | evene | aases 207" | B
7 29.79 |13.52/13.44] 0.014 seeas renan 1'33" | B | 8 T30.93 ] 16.72 [0.035 [ .evss | 4se-n | 1'35° | B |
14:57 VA-150 open 16:50 Pump power down
: (start of gas injection from Inlet piping)
Gas plepum pressure = ..... MPa 9 29.91 16.28 G016 | +euee . 1755 [ B
Gas release rate = ..... els 10 29.34 15.96 0.0L0 | suvue feeaa i'32" i B
11 28.97 15.76 0.008 | ...an eeen 134" | B
|8 [ 29.79 Ti3.52/13.441 0.012 | .--ex | weses | 3'10" [ B | 12 23.52 15.52 0.005 T Caeen 1'14" | B(D)
15:00 Pump power down P=201 = 0.0991 MPa, Tgat = +euas °c ‘
16:57 FPL power auto—scram ..... high temperature i
9 28.80 [13.07712.99[ 0.009 | ..... eeve 2t07" | B(D) (trigger signal = T~-2022M)
10 28.36 [12.90/12.45} 0.004 | ..... revea 2'04" | B(D) 16:58 HP-9845T stop }
1l 27.91 [12.70/12.25] 0.001 enavs | weess 25" | B(D) 16:59 Pump power up (~4 1/min) !
17:00 Pump power up (~10 1/min) |
P-201 = 0.0991 MPa, Tgap = +vner °C 17:01 HP-2116C stop [
15:04 SBL & FPL power auto-scran ..... high temperature 17:02 VA-150 close |
(trigger signal = T-305M) (stop gas injection) ‘
15:05 Pump power up (~4 1/min)
15:05 VA-150 close Circulation & purification operation
(stop gas injection)
15:05 HP-9845T atop 17:09 Pump off
15:07 ®WP-2116C stop * 17:10 Valve setting
#¥%:%% Pin fajlures are found (#203 & #305, #407 & #408)
*%:%% Separation of failed pins from power suppliers VA-101 | VA-102 [ VM-103 [ VB-104 | VB-109 [ VH-110

100 £ | open | 100 £ | 100 £ [ 100 % | 100 %

Bun 37(20)LHF-263 (power increase and flow reduction method; :
No. 198, #14506) 17:13 Pump on {~150 1/min)

17:14 Re—setting of the preheater power controller ;
16:05 Pump power adjust {~l l/min} (changed from 450 #25 °C to 250 %25 °Q) i
16:05 HP-9845T start '
16:07 FPL power oa {no pin iz connected to the $BL power supply) LOF controller check runa
Step | Pewar | Heat flux | F-103 | T-003 | T-1011M Hold Hote . 19:15 Pump off
No. (kW) (W/emd) {mfs) (°C) {°C) time : :
1 .07 0.04 0.018 | acenn cever | sesss H :
2 7.53 4.09 0,012 | 4vu.a reuas gt27" 20:38 Pump on (~150 1/min)
16:16:45 3 9.18 5.00 0.012 | «cuwa [ aenns 25'52"




— 9.1 —

1980.4.10

Circulation & heat-up operation

Auxiliary heater power on

Re-setting of the preheater power comtroller
(changed from 250 *25 °C to 450 *25 °C)

Auxiliary heater power off

Thermoceuple calibration run

Run 37(0)CAL-0260-145 (No. 199, #14507)

Pump of £

Valve setting
VH-101 | VA-102 [ Y103 | VH-104 [ vH=-109 [ VH-110
100 X | close 100 % 100 % 0% [

Pump on {~260 1/min)
YODAC scamning
T-003 = 498.0 °C, T-1011M = 497.6 °C, ¥-103 = 4.476 m/s
HP-2116C start
HP-2116C stop

LOF controller check runs

Run 37(0)FC-100 (Mos -auy Fucaas 3

Presetting of the pump comtroller (*?BO 1fmin)
Test of pump power decay (V = V et » IVR = 4 B)
Pump power adjust (~260 1/min)

Run 37(0)FC-10) (MNo. ..., #.....)

Presetting of the pump controller E‘?BO 1/umin)
Test of pump power decay (V = Voe" ! , IVR = 10 s)
Pump power adjust (~260 1/wmin)

LOF boiling runs’
Run 37(20)FC-102 (Ho. 200, #14508)

FPL power on

Step | Power | Heat flux | F-103 | T-003 | T-1011lM Hold Note
No. [ {W/cm?) (o/s) (°C) (°C) time
1 0.06 G.03
2 9.76 5.31
3 18.44 16.03
& 0 0
FFL power auto=scraAm ..... OVer current

Change of the trigger current level
FPL power on

10:

10:
10:

10:
10:

10:
10:

11:

11:
11:

11

i1

23

24
25

26
27

30
39

02

02
0z

102

04
11:
11:

04
05

18.30 9.96
33.95 1B.47
45.48 24.75
71.57 38.94
92.22 50.18
10 (127.32 69.27
11 |154.26 83.93
12 {176.00 95.76

W00~ hen

13 [185.75 101.07
14 1191.75 104.33 464 520
15 1198.99 108.27

Presetting of the pump power controller {~260 1/min)
YOPAC scanning
T-003 = 458.7 °C, T=1011M = 506.5 °C, F-103 = 4,761 n/s
HP-2116C start
Start of pump power decay (V = Voe—r’”, IR = 4 s)

t_16 T [ I [ [ [ 18
P-201 = 0.1059 MPa, Tgay = °C, &gy = °c
FPL power down and off
HP-2116C stop
Run 37(20)FC-103 (No. 201, #14509)
Pump power on (~260 1l/min)
FPL power on
Step | Power | Heat flux | F-103 | T-003 | T-1011M Hold Note
Ne. | (wW) | (Wlew?) | (mfs) [ (0 e time
1 0.07 0.04
2 38.86 21.15
3 74.01 40.27
4 1110.26 59.99
5 |143.50 78.08
6 1178.19 96.95
7 191.44 104.16
fresetting of the pump power controller (~280 1/min}
YODAC scanning .
T-003 = 473.0 °C, T-1011Y = 527.9 °C, F-103 = 4.980 o/s
HP-9845T start
HP-2116C start
Start of pump power decay (V = Voe-tja, IVR = 4 s8)
|8 1 I [ 1 | [ [ I
P-201 = MPa, Tgar = °C, ATgy = °c

FPL power down and off
HP-9845T stop
HP-2116C stop

Run 37(20)FC-104 (No. 202, #14510)
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11:07 Pump power on (~260 1/oin)

11:10

11:25

11:25
11:25
11:25

11:28
11:28
11:29

11:30
11:31

11:47

11:48
11:48
11:49

11:51
11:52
11:52

FPL power on
Step | Power | Heat flux | F-103 | T-003 | T-10I1M Hold Note
No. | (ki) | (W/em?y | (mis) | (°®) ) time
1 0.06 0.04
2 37.86 20,60
3 74,04 40.29
4 109.04 59.33
5 |145.99 79.43
6 [176.06 95.80
7 [192.76 104 .83
Presetting of the pump power controller (~280 1/min)
YODAC scannirg
T-003 = 486.2 °C, T-1011M = 543.3 °C, F-103 = 5.027 m/s
HP-9B845T start
HP-2116C start
Start of pump power decay (V = Voe‘tllu, IVR = 4 s)
8 T [ [ i [ [ [ I8
P-201 = MPa, Tgar = °C, ATgy = °c
FPL power down and off
HP-9845T stop
HP-2116C stop
Run 37(20)FC-105 (No. 203, #14511)
Pump power om {~26Q 1fmin)
FPL power on
Step | Power | Heat flux | F-103 | T-003 | I-1011H | Hold | more
No. | (W) | (wew?) | twisy | (o) (°c time
1 0.06 0.03
2 36.99 20.13
3 66.35 36.10
4 1107.36 58.41
5 {139.81 76.07
6 {173.69 94 .50
7 _{198.65 108.0%
Presetting of the pump power controller (~280 1/min)
YODAC scanning
T-003 = 474.6 °C, T-1011M = 516.1 °C, F-103 = 4.902 mw/s
HP-9845T start
HP-2116C start
Start of pump power decay (V = Voe'tls, IVR = 4 3)
{8 1 [ [ [ [ [ 1B
P-201 = MPa, Tgay = °c, 4Tgy = °c

FPL power down and off
HP-9845T stop
HP-2116C stop

11:54
11:55

11:56
11:56
13:03

13:04
13:05

13:24

13:26
13:26
13:26

13:28
13:29
13:30

13:32
13:42

Circulation & mixing operation

Pump off
Valve setting

VH-101 | VA-102 | VM=-103 | VH-104 | VB-109 | VH-110
100 2 | open | 100 % | 100 % | 100 % | 100 %

Pump on {~150 1/min}
Auxiliary heater power on
Auxiliary heater power off

LOF beiling runs (continued)

Run 37(20)FC-106 (No. 204, #14512)

Punp power up (~260 1/min)
FPL power on

Step f Power | Heat flux | F-103 | T-003 | T-101IM told Note
No. | (ki) [ (Wem?) | (wfa) | (°C) (°c) time
1 0.06 0.03
2 33.24 18.09
3 63.51 34.55
4 [102.42 55.73
5 ]144.29 78.51
6 [179.40 97.61
7 150,39 103.59
Presetting of the pump power controller (~280 1/min)
YODAC scanning
T-003 = 495.5 °¢c, T-101iM = 552.7 °C, F-103 = 4.855 o/fs
HP-9845T start
HP~2116C gtart
Start of pump power decay (V = Voe—g/20, IVR = 4 35)
8 _1 | i | [ ! | 18
pP-201 = MPa, Tgay = °C, ATgy = °c
FPL power down and off
HP-9845T stop
HP-2116C stop
Run 37(20)FC-107 (No. 205, #14513)
Pump power up {(~260 1/min)
FPL power omn
Step | Power | Heat flux | F-103 [ T-003 | T~10L11M Hold Note
No . (kW) (W/ew?) (m/s) (°c) {°c) time
1 0.06 0.03
2 35.74 19.44
3 65.81 35.81
4 |106.00 57.68
5 |149.67 81.43
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13:59
14:00

14:00
14:00

14:01

14:02
14:02

| kkykk

Hok p ko

14:05
F4:42

15:01

15:03
15:03
15:03

15:05
15:06
15:06

6 |179.73 97.79
7 |214.00 116.44
8 |249.47 135.74
9 |275.38 149.84
10 [288.93 157.21

Presetting of the pump power comntroller (~280 l/min)
YORAC scanming
=003 = 475.0 °C, T-1011M = 559.0 °C, F-103 = 4.980 n/s
HP-9845T start
HP-2116C start
Start of pump power decay (V = Voe_tIT, IVR = 4 g)

| 1 | [ [ | | (15
P-201 = MPa, Tgar = °C, 4Tgg = °c
FPL power auto=SCIam «sss«= high temperature
(trigger signals = T-2022M & T-201M)
AP-9845T stop
HP-2116C stop
Pin failuree are found (#202 & #303, #302 & {403 pins)
Separation of failed pins from power supply
Run 37(16)FC-108 (¥No. 206, #14514)
Pump power up (~260 I/min)
FPL power on
Step | Power Heat flux F-103 T-003 T-1011M Hold Note
No. | () | wer?) | (afs) | (°O) °c) time
1 0.05 0.04
2 33.57 22.83
3 60.52 41.16
4 89.74 61.03
5 |123.67 84.11
6 {149.59 101.73
7 |178.03 121.08
8 |205.73 139.92
9 [229.70 156.22
Presetting of the pump power controller (~280 1Lfmin)
TODAC scanning
003 = 478.6 °C, T-1011lM = 566.5 °C, F-103 = 4.957 mfs
HP-9845T start
HP-2116C start
Start of pump power decay (V = Voe_tls, IVR = 4 3)
|01 | [ I [ [ |
P-201 = MPa, Tgay = °C, ATgy = . °g -

FPL power down and off
HP-9845T stop
HP-2116C stap

Run 37(16)FC-109 (No. 207, #14515)

15:10
15:14

15:27

15:28
15:28
15:29

15:32
15:33
15:33
15:34

15:36
17:05
17:07

17:11

17:43
17:49

19:10

Pump power up {~260 1/min)
FPL power on

Step | Power | Heat flux | F-103

T-003

T-1011M Hold

Note
No. | (k) | (Wem?®) | (w/s) | (°©) {°c) time
1 0.05 0.03
b4 32.66 22.21
3 55.90 38.02
4 82.70 56.24
5 1109.26 74.31
6 {135.14 91.91
7 {174.08 118.39
8 204 .33 138.97
9 230.37 156 .67
Pregetting of the pump power controller {~280 1/min)
YODAC scanning
T-003 = 485.1 °c, T~101lM = 561.0 °C, F=103 = 4.871 m/s
HP-9845T start
HP-2116C start -
Start of pump power decay (V = Voe—tIZO)
[0 ] i | ] [ ]
P=201 = MPa, Tgap = °C, iTgy = °c
FPL power down and off
HP-9845T stop
HP-2116C stop
Pump off
Circulation & mixing operation
Pump on {~150 1/min)
Pump of £
Valve setting
|vn-101 VA-102 [ YM-103 | VH-104 | VH-109 | VH-110
100 % open 100 Y 1060 Z 100 % 100 % |

Pump ot (~150 1/min)

Pump off
Sodium drain

Preheatex power off
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Record of the 146th operation 10:30

10:45
1980.5.7
8:25 Preheater power on
(aiming temperature Level = 250 %25 °C)
14:30 Sodium charge
(sodiun level = EL-9100 mm) 10:50
Circulation & purification operation
15:29 Valve setting
VB-101 | vA-102 | VM-103 | VH-10& | VB-109 | V=110 [
100 % | open | 300 % | 100 ¥ j %00 % | 100 Z |
15:35 Pump on (~150 1/min)
Circulation & heat-up operation
22:39 Auxiliary heater power on
22:45 Re-setting of the preheater power controller
(changed from 250 %25 °C to 450 25 °¢)
11:28
1980.5.8 11:29
Flow-meter & thermocouple calibration runs wh A
dk g hk
Run 37(0)CAL—-0150-146=A (No. 208, £14601)
8:21 YODAC scauning
003 = 527.9 °c, T-1011M = 529.1 °C, ¥-103 = 0.573 mfs 11:45
A% 1%%  Qecurrence of a trouble in MT device of EP-2116C system 11:45
10:00 Tentative recovery of the trouble
Bun 37(0)CAL-0-146 (No. +es, f.....)
10:24 Punp off 11:46
10:24 Valva getting 11:46
13:39
VE-101 | ¥4-102 | ¥M-103 | VH-104 | VB-109 | VB-110 ] 13139
100 X [ clogse | 0% 1002 [ 02 | 13:40
10:25 HP-9845T start
10:28 HP-9B45T stop
Run 37(0)CAL-0260-146 (No. 209, #14602) . 13:40
’ 13:40
10:29 Valve getting 14:35

VH-~101 ] VA-102 | V=103 | vBE-104 | VB-109 ] VH~-110
100 % { close | 100% | 100%Z] 0% 0%

Pump on (~260 1/min)

TODAC scanning -
T-003 = ..... °C, T-1011M = 500.4 *C, F-103 = 4.635 n/a
(T-003 is failed)

LOF boiling run, (centinued)

Run 37(19)FC-110 (No. 210, #..... }

FPL power on

Step | Power | Heat fiux | F-103 | T-003 | T-L01iH0 Hold Note
No. (ki) (W/em?) (n/s) ¢°c) &) time
1 0.05 0.03
2 7.81 447
3 | 16.14 9.24
4 | 53.71 30.76
5 | 88.88 50.91
6 {134.57 77.08
7 [180.23 | 103.23
8 213.88 122.50
9 |256.86 | 147.12
10 |265.47 | 152.05

Presetting of the pump power controller (~280 1/min}
YODAC scanning
T-003 = ,,... °C, T-1011M = 574.7 °C, F-103 = 4.619 u/s
FPL power auto-scram ..... high temperature, over cuxrent
(occurrence of a pin trouble)
Pin failures are found (#101, #201 & #301, #205 & #309, #203, #311 & #418)
Separation of failed pins from power supply

Circulation & mixing operation

Pump off
Valve setting

| YB-I01 [ VA-102 | vs-103 [ VE-104 | VE-109 ] VE-110 ]
| _100% ] open | 100% | 0% | 100% | 100% |

Pump on (~150 1/min)
Auxiliary heater power on
Auxiliary heater power off
Pump off

Valve gectting

| ¥E=101 [ vA-102 | ve-103 | VE-104 | VE-109 [ vE-110
{_100Z [ open | 1002 | 100 % | 300 2 | 0z

Pump on {~150 1/min}
Auxiliary heater power on
Auxiliary heater power off

LOF boiling run {continued)
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14:36
14:38

14:40
14341

14:59

15:01
15:01
15:02

15:02
15:02

15:03

15:04
15:04
kg kk

15:09

15:10
15:14
15:16

Run 37{11)FC-111 (No. 211, #14603) Circulation & mixing operation

Pump off 15:18 Punp off
Valve setting ) 15:18 Valve setting
| VE-101 | VA-102 T W+103 | VE-104 | VB-109 | VB-110 | VA-101 | VA-102 | Vi 103 | VH-104 | VA-109 | VH-110
| T1I00% | eloge | 100 % | 100 % | 0% | 0% | 100 £ | open | 100 % | 160 % | 100 % [ 100 %
Pump on (~260 1fmin) 15:20 Pump on (~150 1/min)
FPL power on

17:05 Pump off

Step | Power | Heat flux | F-103 | T-003 | T-10llM Hold Note 17:15 Sodivm drain
No. | (kW | (Wewm®) | (mfs) | (°¢) (°cy time
1 0.03 0.02 18:40 Preheater power off
2 26.12 25.84
3 49.39 48.86
4 81.13 80.26
5 98.46 97.40
6 [123.31 121.99
7 147.32 155.74
8 [|155.97 154.31

Presetting of the pump power controller (~280 1/min)
IOPAC scanning
T=003 = ..... °C, T-1011M = 519.6 °C, F-103 = 4.737 w/s
HP-9845T start
HEP-2116C start
Start of the pump power controller (V = Vge_pfy, IVR = 4 =)

|5 1 | | I I ]

Pump power off
Valve cliose (VM~103: 100 Z + 0 %)

|10 1 [ [ | I I [ 18(D) |

P-201 = MPa, Tgar = °C, ATgy = °c
FPL power auto-scram ..... high temperature, over current

(trigger signals = T-2022M, T-3022M, T-308M, T-3031M & T-3091M)
HP=-9845T stop
HP-2116C stop
Pin failure are found {#303 & #403, {308 & $#412)

Thermacouple calibration run

Run 37(0)CAL-0150-146~B (No. ..., #146604)

Valve cpen

VE-101 | VA-102 [ VM-103 | VH-104 | VH-109 | VE-110
100 X close 100 % 100 % 0 0 %

Pump on (~150 1/min)
HP-2116C start
HP-2116C stop
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Appendix G: Data of Individual Runs

In the following, the typical signals were plotted to see the differences
of all low-heat-flux boiling rums.
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RUN NAME: 37¢a7IXLHF-280

SUMPLENE RATE @
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TENPERATURE
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¥

RUN NAME: 37C37 AHF-291
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37(37)LH-201
8.482 H/S
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RUR NAME  37(37LHF-282
UELOCITY 8.078 M/5
HEAT FLUX 3.03 N/CH2
INLET TEMP. 477.4 C
AXTAL 8.8 Mn
TINE 16,008 SEC.

RUN NAME  37¢37)LHF-282
UELOCITY 8.674 M/S
HEAT FLUX 6.43 W/CH2
INLET TEMP. 462.3 C
AxIaL 6.6 1N
TINE 199,608 SEC.

RUN NAHE  32(37)LHF-282
UELOCTTY 8.882 M/S
HEAT FLUX 6.43 W/CH2
INLET TEMP.  438.6 C
AXTAL 8.6
TINE 289.683 SEC.
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PNC SN941 85-56

RUN NAME  32(37)LHF-283
UELOCITY B.838 M/5
HEAT FLUX 7.82 U/CH2
INLET TEMP, 413.2 €
AXIAL 0.8 1
TIME 16.864 SEC.

RUN MAME  37(37)LHF-203
VELQEITY 8.698 N/S
HEAT FLUX 12.84 W/CH2
INLET TEMP. 06,7 €
AXIAL a.2 i
TIME 224,008 SEC.

RUN NAME  37(37)LHF-283
YELOCITY 8.121 N/S
HEAT FLUX 12.44 W/CNH2
INLET TEMP.  484.8 C
AXIAL 8.8 N
TIME 425.688 SEC.
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RUN NAME: 37C37LHF-210

== HEATED SECTION =====
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PNC SN941 85-56

RUN NaME  37(37)LHF-218
VELOCITY 8.633 N/5
HEAT FLUX . 3.38 W/enz
INLET TEHP, 436.1 C
axXIAL 8.8 NN
TINE 16.e84 SEC.

RUN NANE  37¢37)LHF-218
VELOCITY 8,831 M/5
HEAT FLUX 4.47 U/CN2
INLET TEMP.  431.4 C
AXIAL 8.0 N
TInE 129.688 SEC.

RUN NATE  37(37)LHF-218
VELOCITY ., 8.016 M/S
HEAT FLUX 4.91 W/Cn2
INLET TEMP, 42.9 C
AXIAL e.a m -
TIME 360,608 SEC.
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RUN NAME: 37C37 ALHF-211
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RUN NAME  32¢37)HF-211

‘ VELOCITY 8.831 N/S
HEAT FLUX 3.36 W/Ch2
INLET TEMP, 487.5 C
AXIAL 0.8 N
TIME 16.688 SEC.

RUN NAME  37¢37)LHF-211
VELOCITY 8.827 /S
HEAT FLUX 4.88 W/CH2
INLET TEMP. q64.7 C
AXTAL 8.8
TINE 179,788 SEC.

RUN NAME 32037 LHF-211
VELOCITY 8.039 N/S
HEAT FLUX 6.43 W/CH2
INLET TERP. 399.9 C
AXIAL 8.8 M
TIME 486,608 SEC.




PNC SN941 85-56

RUN MAME: 37{37 N HF-212
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RUN NAME  37C37)LHF-212
VELOCTTY 8.878 H/5
HEAT FLUX 6.64 U/CH2
INLET TEMP, 484.6 C
AXIAL a.8 m
TINE 16,068 SEC.

RUN NAME  37(37)LHF-212
VELOCITY B.878 M/S
HEAT FLUX 8.39 Wnz
INLET TEMP. 483.7 C
AXInL 6.8 m
TITE 164,608 SEC.

RUN NAME  37(37 LHF-212

VELOCITY 8.699 N/S
HEAT FLUX 8.9 W/Cn2
INLET TEMP. 3}/.3 C
AXIAL 8.8 M
TIME 399,268 SEC.
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PNC SN941 85-56

RUN NAME  37(37)LHF-213
VELOCETY 8.1686 11/5
HEAT FEUX 6.88 H/CH2
INLET TEMP, 445.6 C
AXIAL 8.6 M
TINE 16,088 SEC.

RUN NAME 37(37)LHF-213
VELGCITY 0.898 N/S
HEAT FLUX 18.81 W/CH2
INLET TEMP, 43.1 C
AXIAL 8.4
TIHE 278,488 SEC.

RUN NAME  37(37)LHF-213
VELOCITY a.161 N/S
HEAT FLUX 12.34 U/CH2
INLET TEMP.  440.8 C
AXIAL 8.8 M
TIME 480.088 SEC.
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PNC SN941 85-56

RUN NaME  37(37)LHF-214
MELOCITY 8.117 M/5
HEAT FLUX 9.32 U/Cn2
INLET TEMP. 44.2 C
AXTAL 8.8 1
TINE 16.608 SEC.

RUN NAME  37¢37)LHF-214
VELOCITY B.114 N/5
HEAT FLUX 11.41 U/CH2
INLET TEMP.  423.2 C
AXIAL 8.8 N
TIME 320,888 SEC.

RUN NAHE 3737 )HF-214
VELOCITY 8.114 #/5
HEAT FLUX 11.41 WsCn2
INLET TEMP.  4A.1 €
AXIAL 8.8 I
TIHE 419.208 SEC.




PNC SN941 85-56

RUN NAME! S7C87 JLHF-215 SUMPLING RATE :  B.416@ SEC.
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PNC SN941 85-56

RUN NAME  37(37)LHF-213
VELOCITY 8,123 H/5
HEAT FLUX 1t.49 H/CN2
INLET TEfIP. 442.4 C
AXIAL 6.0 M
TINE 16,868 SEC.

RUN NAME  37¢37)LHF-213
VELOCTTY 8.137 /5
HEAT FLUX 13.42 U/TH2
INLET TE#P. 446.1 C
AXIAL 6.4 m
TIME 130,468 SEC.

RUN NAHE  32(37)LHF-215
VELOCITY 8.161 #/5
HEAT FLUX 14.38 W/CH2
INLET TEHP, 436.7 C
axIaL 6.8 M
FIME 360.808 SEC.
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PNC SN941 85-56

RUN NAHE: 3737 LHF-216
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PNC SM941 B85-56

RUN NafE  37(37)LHF-216
VELOCITY 8.188 n/s
HEAT FLUX 14.68 W/CH2
INLET TE#P. 466.2 C
AXIAL 8.@
TIME 16.8e8 SET.

RUN NAIE  37(37)LHF-216
VELOCITY 8.184 M/§

: HEAT FLUX 17.28 W/CH2
INLET TEMP. 470.8 C
AXTAL 6.6 m
TIHE 148,888 SEC.

RUN NAME  37¢37)LHF-216
VELOCTTY 8.219 n/5
HEAT FLUX 18.36 W/CH2
INLET TEMP.  473.7 C
AxIAL 0.8 mn
TIrE 339,480 SEC.




PNC SN941 85-56
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PNC SN941 85-56

RUN NAME  37(37)LHF-217

y
VELOCITY . 6,268 MN/S
: HEAT FLUX 12.63 HsCH2
| INLET TEMP.  477.1 C
AXTAL 8.8 M

TINE 16.988 SEC.

ala,

RUN NAME  37(37)LHF-217
VELOCTFY B.136 /5

' HEAT FLEMX 18.67 W/CH2
INLET TEMP,  483.7 C
AXIAL 6.0 T
TINE 234,468 SEC.

RUN NAME  37(37 )LHF-217
VELOCITY 0.251 /8
HEAT FLUX 2.5 W/CHz2
INLET TEMP.  488.4 C
AxIAL 8.8 M
TIHE 460,868 SEC.




ENC SN941 85-56
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PNC S5N941 85-56

RUN NAME  37(37)LHF-218
VELOCTTY 0.223 N/5
HEAT FLUX 14.66 W/CH2
INLET TEMP. 498.7 €
AXTAL 6.0 mt
TIME i6.088 SEC.

RUN NAME  37(37)LHF-218
UELBCITY 8,223 Nn/5
HEAT FLUX 19.93 UW/CH2
INLET TERP.  495.9 C
AXTAL 6.8
TINE 148.888 SEC.

RUN MAME  37(37)LHF-218
VELOCITY 8.231 H/5
HEAT FLUX 20.78 W/CH2
INLET TEMP.  493.1 C
axIaL 8.8
TIME 369,000 SELC.




PNC SN941 85-56
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PNC SN941 85-56
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PNC SN941 85-56

RUN NAME! I7C3SLHF-220
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PNC SN941 85-56

RUN NANME  37¢33)LH-220
UELOCITY 8.8 /5
HEAT FLUX 4.81 W/Cn2
INLET TEMP. 441.8 €
AXIAL 8.4 I
TINE 16.608 SEC.

RUN NAHE  37(33)HF-220
VELOCTTY 8.8 H/S

‘ HEAT FLUX 4.81 #/CH2
INLET TEMP. 440.9 C
AXTAL 8.6 i
TIME 132,888 SEC.

RUN NAME  37¢33)LHF-228
VELOCITY 2.8 /S
HEAT FLUX 4.81 W/Cn2
INLET TEMP. 432.4 ¢
AXTAL 8.8 TN
TIME 334,408 SEC.




PNC SN941 85-56

RUN NAKE: 37CISOLHF-22t SUMPLING RATE 1 ©.9988 SEC.
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PNC SN941 85-56

RUN NAME  37¢33)LHF-221
VELOCITY 8.6 n/s
HEAT FLUX 7.88 L/CH2
- TMLET TEFP. 42,7 C
AXIAL a.4 1
TIME 16,888 SEC.

RUN NAME  37C33)LHF-221
VELOCITY B.8 NS
HEAT FLUX 10.87  W/CH2
[NLET TErMP. 417.1 €
AX1AL 8.6 #in
TINE 158,468 SEL.

RUN NAME  37(33)LHF-221

VELOCTTY 8.8 H/S
HEAT FLUX L2.08 W/CiH2
INLET TERP. 409,35 C
ax1aL 6.8 1
TINE 360,089 SEC.
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PNC SN941 85-56

RUN NAME: 37¢3TILHF-222
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PNC SN941 85-56

RUN NAME  37(30)LHF-222

VELQEITY 8.8 N/S
HEAT FLUX 9.14 /Ch2
INLET TEMP.  465.8 C
AXIAL 8.6 M
TINE 16.088 SEC.

AXIAL 9.8 M
TIME 00,808 SEC.

RUN NAME  37(33)LHF-222
UELOCTTY 8.8 N/S
HEAT FLUX 9.23 W/Cn2
IMLET TEMP.  438.4 C

RUN NAME  37(33)LHF-222
UELOCITY 8.2 /5
HEAT FLUX 9.88 W/CH2
INLET TEWP.  453.7 C
AXIAL 2.8 m
TIME 280.000 SEC.
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PNC SN941 85-56

1289

RUN NAME! 3F¢391HF-223

SUHPLINE RATE * 8.27280 SEC.

11e8 -

g8

B839.648

B46. 860

T-10111

T T T T

857,844

g

g

Co

749.285

753,291

T-811

TENPERATURE
o
8
:

g §

B12.719

B817.378

T-81E

¢ 2
-
g

)

[
o
B
T

ADR-1

ELECTRIC CURRENT IMLET TEHP.
e
(%]
8

FRESSURE
CX1BIPAECAL )

I R T

1,162

h I

1.219

1.134

u > mi}!mmmubiﬂ

@ -

8,023

F-183

1
@
an

T

FLBW VELOCITY
€ MG )
@

-1.8

8.812 \ﬂ

B -

30,8

128.8 138,
RELATIVE TIME

TEHP. <'C>
1200

AX1AL TEMPERATURE DISTRIBUTTON

NACRO-GANL78|
RO

YODAC==)
HP ==) 3 35)LHF-223

1158

1198

1050

1908

958

Jae

380

750

760

6549

€98

550

S8e

+30

460

350

308

=== HEATED SECTIO

oo

AXIAL LOCATION

— 216 —




PNC SN941 85-56

RUN NAME  37(33)LHF-223
VELDCIFY 8.853 N/S
HEAT FLUX 6.72 W/CHM2
INLET FEMP.  410.8 C
AXIAL 8.6 1N
TIRE 16.608 SEC,

1]
‘ . @ ' RUN NAME  37(35)LHF-223
UELOCITY 8,651 n/s
HEAT FLUX 6.68 U/CH2
INLEF TEMP. 410.8 C
AXIAL 6.6 MM
TINE 84.809 SEC.

RUN NAME  37(33)LHF-223
VELOCITY 0.678 M/8
HEAT FLUX 6.68 W/Ch2
) INLET TEMP,  487.1 C
AXIAL 8.8 1
TINE 174,488 SEC.




PNC SN941 85-56
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our

— 218 —




PNC SN941 85-56

RUN NANE  37(35)LHF-224
UELOCITY 8.6 N/S
HEAT FLUX 11.58 W/CH2
INLET TEMP.  449,2 C
AXIAL 8.6 MM

TINE 16,608 SEC.

RUN NAME  37(30)LHF-224
VELOCITY 8.8 H/5
HEAT FLUX 11.38 W/CH2
INLET TEMP,  430.1 C
AXIAL 8.0 M
TINE 78.488 SEC.

RUN NAME  37(33)LHF-224
UELOCITY 8.6 H/S
HEAT FLUX 11.23 U/Ci2
INLET TEMP.  445.4 C
AXIAL 8.8
TIME 284.888 SEC.




PNC SN941 85-56
RUN NAKE: 37(350LHF-225 SWHPLING RATE *  ©,4320 SEC.
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PNC SN941 85-56

RUN NAME  37¢33)HF-223
VELQCITY 8.6 /S
HEAT FLUX 13.62 W/CM2
©INLET TEMP, 434.9 C
AXIAL 8.8 i
TIME 16.088 SEC.

RUN NAME  37(35)LHF-223
. VELOCITY 6.0 H/s
HEAT FLUX 18.99 W/CH2
INLET TERP.  458.2 C
AX1AL 8.4

TIME 190.46@ SEC.

] 1
O O@ @ O RUN NAME  37(33)LHF-223
VELQCITY 8.8 N4
HEAT FLUX 20.77 W/CiH2
INLET TENP. 437.9 C
AXIAL 9.8 i

TIME 395.288 SEC.




PNC SN941 85-56

RUN BAHME! B7(35 )L HF-225 SUMPLING RATE :  ©.4160 SEC,
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PNC SN941 85-56

RUN NAME  37(33)LHF-226
VELOCTTY 8.6 H/S

HEAT FLUX 18.92 U/Cn2
INLET TEMP. 427.8 C
AXIAL 8.8 1
TIME 16.664 SEC.

RUN NANME  37(33)LHF-226
VELOCTTY g0 N/s
HHHHHHHHHH .74 H/CN2

INLET TEMP. 430.8 C
AXTAL 6.8 T
177.568 SEC.

UUUUUUUU

INLET TEMP.  428.9 C
AXTAL a.g
TINE 382,489 SEC.




PNC SN941 85-56
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PNC SN941 85-56

"\\‘} SV,
(AT e scspgn
) VA Bk g

AXIAL 4.4 1M
TINE 16.888 SEC.

RUN NAME  37¢35)LHF-227
UELOCITY 8 NS
HE /CH2

AT FLLX 30.69 U
INLET TEMP.  434.7 (
AXIAL 6.8 i
TINE 91,208 SEC.

RUN NAME  37¢33)HF-227
VELOCITY 0.8 N/S
HEAT FLUX 32.83 U/CNH2
INLET TEMP.  457.6 C
AXIAL 8.0
TIME 308,888 SEC.
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PNC SN941 85-56
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PNC SN941 85-56

gy i gl
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PNC SN941 85-56

RUN NamE: 37(36)LHF-230

SUNPLINS RATE !
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PNC SN941 85-56
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)
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RUN NAME  32(36)LHF-238

VELOCTTY 8.827 M/5
HEAT FLUX 2.18 U/Cin2
INLET TEMP, 418.4 C
AxIaL 8.6 M
TINE 8.0 SEC.
RUN NAME  37¢36)LHF-230
VELOCTTY 6.812 /8
HEAT FLUX 2.92 W/CH2
INLET TEMP. Mg ¢
AXTAL 2.0 1M
TIME ul.28@ SEC.

RUN NAME  32(36)LHF-230
VELOCITY 8.012 N/3
HEAT FLUX 13.51 W/CH2
INLET TEMP.,  482.9 C
AXIAL 8.
TIHE 385,668 SEC.



PNC SN941 85-56
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PNC SN941 85-56
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PNC SN941 85-56

RUN NAMECT 37( 35 HF-232
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PNC SN941 85-56
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PNC SN941 85-56
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PNC SN941 85-56

RUN NAME  37(343LHF-233
UELOCITY 0.843 M/S
HEAT FLUX 14.36 W/CH2
INLET TEMP. 460.9 C
axlaL 8.6
TINE 16.008 SEC.

RUN NaME  37(34)LHF-233
UELOCITY 8.243 N/S
HEAT FLUX 24.67 UsCn2
INLET TEMP. 436.2 C
AXIAL 8.8 M
TINE 91.ze@ SEC.

RUN NAHE  32(34)LHF-233
VELOCITY 8,843 11/9
HEAT FLUX 92.57 W/Cn2
INLET TEMP. 442.1 C
AXIaL 8.6 m
TINE 809.608 SEC.




PNC SN941 85-56

RUN NARE:
1388 T T T T T

FPC34LHF 234

SUHPLING RATE :

B8.8640 SEC,

e

963.285

[ ]

TEHPERRTURE

T T T T T T T T T T T T T T T T

437.37°4

g

-C

il

)

C AP

—1e8 1 1 L 1 s

ELECTRIC CURRENT INLET TEMP.

PRESSURE
{R1B3FRECAL )
—wRENR ©

U O ao000oad®@

= =

@

-0.5

€ N5 2

FLO4 VELOCITY

el
%\ 9.8e8
.

-1.8

L N -
i L e e e

1 i : 1
2 59.963.090.8 159.8

1 1
210.8 270.8

L 1 1
£30.0 €39.8 750.9

L L
a16.8 8808.4

TEMP, C'C3
1289

roro

]

AXIARL TEFIFERATURE DISTRIGUTTON FEERE

YoDAC==}
HP =

37434 ML HF-234

HACRO-QANL 28,

1158

1180

1e58

1288

930

fea

| p—

T ——
[e—

83a

]

860

758

kCE f
7

£50 L

11

330

sae

480

50

380

HEATED SECTION =

WX

K auTt

AXIAL LOCATION

- 236 —




PNC SN941 85-56

RUN NAWE 37C34)LHF-234
VELOCITY B.833 /5
HEAT FLUX 4.17 U/CH2
INLET TEMP. 460.6 C
AXIAL 8.8 HN
TIHE 16.668@ SEC.

RUN NAME 37034 5LHF-234
UELGCITY 0.833 M/5
HEAT FLUX 8.8d L/sCM2
INLET TEHP. 460.8 C
axial 8.8 m
TIME 89.688 SEC.

RUN NANE  37¢34)LH-234
VELOCITY 0.827 Nh/S
HEAT FLUX 19.63 W/CH2
INLET TEMP, 439.3 C
AXIAL 8.8 1
TIHE 712,889 SEC.




PNC SN941 85-56
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PNC SN941 85-56

RUN NAME  3734)LHF-235

UELOCITY 8,835 WS
HEAT FLUX 4.93 U/CH2
INLET TERP. 44.4 C
AXIAL 8.8 m
TIME 6.8 SEC.

RUN NAME  37(34)LHF-230
UELOCITY 8,812 N/5
HEAT FLUX 11.73 W/Ch2
INLET TEMP. 45.8 C
AXTAL 8.8 M
TIME 428.868 SEC.

RUN NAME  37¢34)|HF-233
VELQCITY 0.812 H/S
HEAT FLUX 11.73  W/CH2
INLET TEMP. 444,35 (
AXTAL 8.8 N
TIME 665.668 SEC.




PNC SN941 85-56
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1288 T T
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PNC SN941 85-56
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TR 1y

= k\\v

D \\\\“\x\\\\ﬁ""

2y
-'%“‘

1oE,
OGN |
QO \l\\\ i 2 P
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134,488 SEC.
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HHHHHHHH 8.97 W/CH2
INLET TEMP.  452.2 C
AxTAL 8.4 M
I .68d SEC.




PNC SN941 85-56

RUN NaME:
1288 T T T

74 0LMF 237

SINPLING RATE ¢ 1.
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g

(-c >

TENFERATURE

848.852 T-i1@11n

{c 2

)
g

ADR-1

¢ AHP.
g

ELECTRIC CURREMT INLET TEHP.
w
8

PRESSURE
€ X185PASCAL )

8.839 BBBd

F-103

-8.5

\ e\ o \ wo \_soo\ s

FLOW VELOCITY
¢ NS

1.8 L 2 y

-122 459 ﬂ
F\'ELATIUE TIHE (SEC.)

?99

849

9% SGB IBZB

1 \
1% 1156

: yoDac
He 1
TERP. <'C) i
1208 i H 3

ropQ

ERFK
16,989 SEC.

69,589 SEC.
10889. 98 SEC.

AXIAL TEHPERATURE O1STRIBUTION

REREF

37(34LHF-237

HACRO-QANHL7E

1159

1188

13950

1089

30D

438

™
e

ae

T

—
%

%50

e

G50

155 £

359

Sea

+58 9—1

408

35e

= HEATED SECTION =

HX

ki

AXIAL LOCATION

out

— 242 —




PNC SN941 85-56
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PNC SN941 85-56

RUN NAME:
t2e8 T T

P4 H-239

SUMPLING RATE : B8.3700 SEC.
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PNC SN941 85-56

RUN MAME  37(34)LHF-238
VELOCITY 6.831 /5
HEAT FLUX 16.37 W/CH2
INLET TEMP.  449.2 C

AXIAL 8.4
TIHE 8.8 SEC.

RUN NAME 37(34)LHF-238
VELOCITY 8.843 N/
HHHHHHHH 16.83 W/CH2
IMLET TERMP.  448.9 C
AXIAL 8.8 M
TIHE 420,809 SEC.

RUN NAME  37(34)LHF-23B
UELQCTITY 8,839 H/5

HEAT FLUX 18.73 W/CH2
INLET TEMP. 445,95 C
AXIAL 8.8 1M
TIHE 780,808 SEC.




PNC SN941 85-56

RUN NatE: 37{342LHF-239 SUMPLING RATE : B.9448 SEC,
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PNC SN941 85-56

RUN NAHE  37(34)LHF-239

' VELOCITY 8.835 M/5
HEAT FLUX 3.42 U/CH2
INLET TEMP. 469.49 C
AXIAL 8.6 N
TINME 32,008 SEC.

)
e

N

S .\,,!\

= SN

RUN NAME  37(34)LHF-239
VELOCITY B.674 N/S

\ HEAT FLUX 6.4 U/CN2
‘\ INLET TEMP.  45L.5 C
i axIAL 0.8 it

RUN NARE  32(34)LHF-233

HEAT FLUX 16.93 U/CH2
INLET TEMP.  433.3 C
AXIAL 9.6 1
TIME 849.908 SEC.

TINE 129,688 SEC.

UELOCITY -.  0.823 M/S



PNC SN941 85-56

RUN Hate:
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PNC SN941 85-56

RUN NAME  37(33)LHF-248
VELOCITY 8.843 /S
HEAT FLUX 4.4 U/CH2

INLET TEMP.,  479.2 C
AXTAL 8.8 MM
TINE 8.8 SEC.

RUN NAHE  32(33)LHF-240
VELOCTTY 8.833 1/S
HEAT FLUX 9.86 UsCH2
INLET TEMP.  477.3 C
AXTAL 6.8 M
TIME 360,608 SEC.

RUN NAME  37¢33)LHF-240
UELOCITY 0.084 N/s
HEAT FLUX 9.56 W/CHz

INLET TEMP.  435,7 C
AaxIAL 8.8 m
TIME 780,868 SEC.




PNC SN941 85-56
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PNC SN941 85-56

t\ \1» 0%
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@m ll» \9 ¢) (

'8 W/CH2

INET TEMP.  454.8 C
xmL aa r1r1
89. C.

RUN NﬁNE 3?(33)LHF 241
S

LU l ? /CH2
[NLET TEMP.  430.2 C
AXIAL. @.l il
TIHE 969,608 SEC.




PNC SN%1 85-56

RUN NaME: 37(33AHF-242

SUHPLING RATE * 8.2560) SEC.
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PNC SN941 85-56

RUN NAME 37(33)LHF-242
’ VELOCITY 8.831 H/S
HHHHHHHH 2.69 U/CH2

INLET TEMP.  433.3 C
AxIAL 8.0 I
TINE © 16.66@ SEC.

S
S llllq'(@

AN

ol “
= ‘;ﬁ"{ll“\\\\\\ !,A
Tkl =
@ 4 \. mmwi RUN Nﬂ?g 3733

ILHF-242
UUUUUU 8,827 -1/5
SN 3 HEAT FLUX 5.78 U/CH2
) ‘ \ INLET TEMP.  451.4 C
AxIAL 0.6 M
TINE 59.709 SEC.

RUN NAME  37(33)LHF-242
VELOCITY. 8.eed4 N/S
HHHHHHHH 8.52 W/CH2
INLET TEMP.  442.9 C
AXIAL @.4 m
TIME 222.4e@ SEC.




PNC SN941 85-56

1208

RUKN NaME: 37(33:A1F-243

SUNPLING RATE *

@.2480

SEC.

1104
1808

T T

813.284 T-piE

[ ]

TEHMFERATURE

729:899 T-1911H

T T

861,532

g

c>

442. 1585

N
8
=

ELECTRIC CURAENT INLEY TEHP.
]

T
sl

1.9F
L.af
8.5

PRESSURE
< X185PASCAL >

1.673

1.685

1.8

9.3

F-1@3

0.5}
-1.8

FLOW VELOCITY
C KBS
]

a.823

r

\__9.831

9.819

a

8.9

h

.8 1
RELATIL.

!

N :] 138.0
TINE <SEC. ?

L
1ga.a 210.8

2¢4.6

TERP. C'ED
1209

varo
pred
o

AXIAL TENPERATURE PISTRIBUTION

FEREE

VORI

C==>
HP  ==) 3723330 HF-243%

NACRO-GANL7E)

1158

1180

o058

1e88

33Q

960

358

200

750

’i/

Nl Y
Pl
oyl

7ea

258

-{:1:]

538

[ g CcC 1 €

FGHIJKLMNORPUKRS

= HEATED SECTION =====

[3]

AXIAL LOCATION

I

— 254 —



PNC SN941 85-56

AW /S
SISO

8,047 H/5
3.82 W/CH2
INLET TEMP. 446.8 C
AXTal. 8.8 N

IV
SN
YO o
) @ Jiin @ﬂj%@ 4
Newee /i
O "1’!}1{{!!{(((?,» o sprse

7 T
Q .“' C lllmllbi\‘ ETFUC s o
’ AXIAL 8.9 m
TIME 192.688 SEC.
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PNC SN941 85-56

RUN NAME:
1zo0 T T T T

I7CIZUHF-244
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&.7288 SEC.
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PNC SN941 85-56

RUN MAME  37C33)LHF-244
VELGCITY 8.843 H/S
HEAT FLUX 4.29 u/CH2

INLET TEMP. 463.3 C
AxIAL 2.8 Mo
TINE 16.888 SEC.

RUN NARE  37(33)LHF-244
VELQCITY 8,833 N/
HEAT FLUX 6.88 L/CH2

INLET TEMF.  468.6 C

AXTAL 0.¢ 1
TINE 89.689 SEC.

JLl

RUN NAME  37(33)LHF-244
VELOCITY - 8.023 /S
HEAT FLUX 11.58 W/CH2
INLET TEMP.,  448.4 C

AXTAL 8.8 Hn
TIME 675,288 SEC.




PNC SN941 85-56

RUN HAME: 37(33>LHF-245 SUNMPLING RATE : 1.1288 SEC.
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PNC SN941 85-56

W
IR,
| \

216\

\

(“ RUN NAME  37(33)LHF-745
) VELOCITY 9.633 N/S

AT
INLET TEMP. 447.6 C
AXTAL e.a
TIME 16.86@ SEC,

RUN NAHE  37¢33)LHF-243
VELOCITY 9.833 /5
HHHHHH 6.3¢ W/CH2

UX
INLET TEMP. 448.4 C
AXIAL 8.8 N
TIME 120.898 SEC.

RUN NAHE  37¢33)LHF-245
UELQCHTY -6.684 M/5
HEAT FLUX 19.08 UW/CH2
INLET TEMP. 416.8 €

AXIAL 6.8
TIHE 1129.688 SEC.




PNC

SN941 85-56
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PNC SN941 85-56
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g\)) \\\\\,\,‘1 ‘:(l,/// < X

RUN NAME  37(33)LHF-246
VELGCITY 8,833 [/5
HEAT FLUX 2.91 W/CH2
INLET TEMF, 447.1 C
AXIAL 8.8 M1
TINE 16.086 SEC.

\ﬁwm,

AN """fff/‘ 0;:; %
S %

1Y |
ﬂ%?&W%%

.
= ”""%

RUN MNAME  37(33)LHF-246
UELOCITY B.6G3L /S
HEAT FLUX 6.67 W/CNh2
IMLET TEHP.  443.3 C
AXIAL 8.0 M
TIHE 126.eea SEC.

RUN NAME 37(33)LHF-246
VELOCITY 0.843 U/S
HEAT FLUX 6.67 U/CH2
INLET TEMP. 442.4 C
axlaL 8.8 T
TINE 145,608 SEC.




PNC SN941 85-56

RUN NAME: 3733 HF-247
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PNC SN941 85-56

Qi )
e 9

i\w :

RUN NAME  37(33)LHF-247
VELOCITY 8.813 /5
HEAT FLUX 3.63 1/CH2
INLET TEMP. 443.4 C
AXTAL 6.9 TN
THIE 16,988 SEC.

RUN NAME  37¢33)LHF-247
UELOCITY 8,819 N/S

HEAT FLUX 6.67 W/CN2
INLET TEMP.  437.7 C
AX1AL 0.6 N
TINE 136.88@ SEC.

RUN NAME  37C33)LHF-247
VELDCITY 8,834 /S

HEAT FLUX 8.99 U/CH2
INLET TEMP. 416.9 C
AXIAL 8.8 nn
TIHE g7e.409 SEC.




PNC SN941 85-56

FPCITAHF-248
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PNC SN941 85-56

RUN NaME  37¢33)LHF-248
VELOCIFY 8.031 /S
HEAT FLUX 3.92 W/Cm2
INLET TEMP. 4746 C
AXIAL 8.8 m
TINE 16.088 SECC.

O
\ &L\mwr« X
&

<) O

- é\\‘ Sihg . 8.6
\ 4 ,
\ \\\\‘\a . RUN NAME  37(33)LHF-248
WARNET UELOCITY 9.031 1/S
' AR HEAT FLUX 7.79 /02
’ ‘ INLET TEMP,  472.7 C
AXIAL 0.0 i
i

ME 112,808 SEC.

RUN NAME  37(33)LHF-248
UELOCITY 9.084 N/S
HEAT FLUX 23.38 H/CM2
INLET TEMP. 4433 €
AXIAL 6.8 M
TIHE 720,088 SEC.




PNC SN941 85-56
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BT 29N HF-250

SUNPLENG RATE =

B8.9768 SEC,

1108 -
1600

TEMPERATURE

>
W B oW D N W o
E8E8Y8 8
——

g

926.319

T T L

925,275 _

>

tC

3

¢ AMP,

RDR-1

b uBTED wekeaws
FoEEERE BIREBER

1 1 1 ‘ + L

FRESSURE ELECTRIC CURRENT INLET TEHP.

CHIBIPASTRL )

R~ 0O

¥

11

7 T

F-lesg

lllllsll

FEE I

mml' ,Ill ‘ I |

1 1 )

;-'I O OCEIOEAS ¢

o -

-0.5
~1.8

FLGW VELOCITY
(G PE
[}

B8.843

.

a.831

“___0.827

S B.812 g

8.0

i
1z29.9

1 1
t9d.9  290.8

) 1
720.8 739.8

L L
848.8 980.0 9845

TENP. (*T>
1209

ro-0

15. 609
91.2
9€9. 463

Ex

SEC.
08 SEC.
SEC,

AXIAL TEMPERATURE DISTRIBUTION ke

YODAC==3%
==% IA29)LHF-250

HP

MACRO-QANL7E

1159

1188

1a58

gee

359

o8

80

h-,,iki 3 y )

=
o

N

i

8ep

LY
/
/

=
=
hY

750

7ae

N

658

/

€88

330

S¢0

EE)

488

350

3ge

208

B C

ji] E
HEATED SECTION

FEHIJKLAND

|

aur

AXIAL LOCATION

- 266 —




PNC SN941 85-56

RUN NAME  37(29)LHF-258
VELOCITY 8.812 N/S
HHHHHHHH 3.64 U/CH2
INLET TEMP.  438.2 C
6.9 m

axIaL
TIHE 16,888 SEC.

5
HHHHHHHH cn2

RUN NAME  37C290HF-230
VELOCITY 8.833 N/5
HEAT FLUX 12,39 W/CH2
INLET TEMP.  423.6 L
AXIAL . 9.8 fin
TIKE 968,006 SCC.




PNC SN941 85-56

1289

RUN NAME: 37(28X.HF-251

SUMPLING RATE ¢ 1.1288 SEC,

1183y
lgea |-

oc

TEMPERATURE

T g T T

861.118 T-1p11In

T T T

921.829

¢co
s
g

>
2
8

L ANP.

RADR-1

!
Bak

i . 1 ! i

ELECTRIC CURRENT INLET TENP,
L)
A
8

&

PRESSURE

TR LT T

¢ X105PASCAL >

T 4 T ¥ T

1.822 p-jgp

i
1
ﬂ.

A

“ll.l‘u.lilllll

U @ SOOS000 u

© =

L]

CHS
i
&
u
T

FLOW VELOCITY

-1.8

T T

T T
8.87a 8. 027

L I|||L!

A AL N e

L L "
LLAC D DI B e\ ¢

F-183 d,a831

+ L )

=

%] E68
IHE ¢SEC.»

.
sea ) tez2a 1888 1141

TEMP. (G2
1289

ARIAL TEMPERATURE DISTRIBUTION FEEkx

HACRO-(4$IL 70

1158

1109

1950

1a89

ase

2ea

338

209

15

758

el
PR

Y

7esa

558

My

:1:1:]

o368

X,

589

450

489

350

Jea

23a

200

A B C D

===== HEATED SECTIOM

ouT

AXIAL LOCATEGN

~ 268 —




PNC SN941 85-56

ealel)
aeele
X RN

" e HEAT FLU X 4.50 W/CH2
) ‘ INLET TEMP.  417.4 C
/ AXTAL 9.8 M

TINE 16,608 SEC.

OO
@J‘)ﬁ)\m&(‘“. ' L NIE ST

@SV Ca 1

TINE 120,828 SEC.

RUN NAME  37¢29)LHF-231
VELOCITY 0.833 /5
HEAT FLUX 12.22 w2
[NLET TEWP,  424.1 C
AXIAL 8.8
TIME 1118.498 SEC.




PNC SN941 85-56

AUN NAME: 3720 HF-252
1208 T T T T T T — T T

SUHPLING RATE ¢
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PNC SN941 85-56

P .‘ t'il‘ t .. > 5
> o -
‘,/ .) ‘( . RUN NAME  37(29)LHF-252
<7 N ) VELOCITY 0.855 /S
\ HEAT FLUX 2.83 U/CN2
‘ ‘ INLFT TEMP.  488.1 C
\ AXIAL 8.8 i

TINE 16.608 SEC.

RUN NAME  37(29)LHF-232
UELOCITY 6.963 M/5

/ ' - HEAT FLUX 4.8 W/
/ ‘ INET TEMP.  486.2 C
T 0.0 I

TIME 39,268 SEC.

D Ee
)

8%
I
)

\;\‘{\ 1

— 271 —

RUN NAME  37(29)LHF-252
VELOCITY 8,678 N/S
HEAT FLUX 12.42 W/CH2
INLET TEMP. 460.8 C
AXIAL 6.8
TIHE 9668.e20 SEC.




PNC SN941 85-56

1202

RUN MAHE® 37¢29)0HF-253
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PNC SN941 85-56

RUN MAME  37(29)LHF-233
UELOCITY 8.eed N/s
HEAT FLUX 3.09 UsCh2
INLET TEMP. 412.8 C
AXIAL a.a w1
TIME 16.688 SEC.

RUN NAME  37(29)LHF-233
LELOCITY 8.812 N/S
HEAT FLUX 5.43 WEH2
INLET TEMP. 413.9 C
axlaL 8.8 m
TINE 39.208 SEC.

RUN NAME  37(29)LHF-23
UELOCITY 8.084 N/5
HEAT FLUX 12.43  W/CH2
INLET TEMP. 487.1 C
AXIAL 2.8 M
TIME 990,486 SEC.




PNC SN941 85-56

RUN RAME: 37(ZBLHF-280

SUNPLING RATE

8.94+48 SEC.
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PNC SN941 85-56

RUN NAME  37(26)LHF-260
VELOCITY 6,923 N/3

HEAT FLUX 4.44 W/CHZ
INLET TEMP.  381.7 C
AXIAL 8.8 MM
TIME 16.009 SEC.

)
¢ =
" llﬁlll‘l:f jl/%

///I/ - 2 ’ :=fu
) . @ RUN NAME,  37¢26 }LHF-268
i ' VELOCITY 8.823 M/5
) . HEAT FLUX 11.21 WEn2
\ INLET TEMP.  387.9 C
AxlaL 6.4 i
TIME

148,800 SEC.

QUN NAME  37(26)LHF-260
VELOCITY 8,833 N/5
HEAT FLUX 16.48 H/CH2
INLET TEMP.  383.1 C
AXIAL 8.0 1
TIME 9@6.868 SEC.




PNC SN941 85-56

. RUN HAME! 37({76 ) HF-25]

SUNPLING RATE :
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PNC SN941 85-56
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PNC SN941 85-56

RUN NAME* 37(24)LHF-262

TEMPERATURE
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PNC SN941 85-56
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RUN NAME  37(24)LHF-262

VELOCITY 9.831 N/5
HEAT FLUX 3.49 W/CH2
INLET TEMP. 439.2 C
AXTAL 8.8
TINE 16,088 SEC.

RUN NAME 37(24)LHF-262

VELOCITY 6.e8d4 M/S

HEAT FLUX 8.5 U/EN2
INLET TEMP.  422.4 C
AXIAL 0.8
TIME 179,268 SEC.

RUN NANE  37(24)LHF-262
VELOCITY 8,016 N/S

HEAT FLUX 12.66 W/EH2
IMLET TEMP. 431.1 C
AXTAL 6.4 1
TIHE 939.208 SEC.



PNC SN941 85-56

RUN NAMET 37¢28LHF-263 SWHPLING RATE ¢  ©.9200 SEC.
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PNC SN941 85-56

RUW MAME  37(28)1HF-263
VELOCITY 8.92¢ /s
HEAT -FLUX 5.8 W/CH2

INLET TEMP.  388.8 C
ALLAL 8.8 WM
TIME 16,088 SEC.

4
= e
i /"—\

o
L A
L 676 \ﬁwk,

// \
W
>
= 'lll k 'ﬂ RUN NATE  37C28)LHF-263
N { ‘ ECH Dy i
’ A ILET TIP. %79 €

L

RUN NANE 37(28)LHF-263
VELOCTTY 8,819 H/S
HEAT FLUX 15.52 U/CH2
INLET TESP. 3841 C
AXIAL 8.8 1N
TINE 889.69@ SEC.






