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No literatures and experimental results have been published so
far prediction of heat transfer coefficients under one-sided heating
conditions. It is a recent concern whether or not existing
correlations developed for uniform heating conditions, 1. e., Thoem
and/of Shah(Jens-Lottes)correlations, are applicable to one-sided
heating conditions. Furthermore, they predict differet values as large
as twece even if the identical calculation condition is applied. This
reason is attributable mainly to lack of database and wide
extrapolation at high superheat region.

In the cooling channel of the divertor plates, partial nucleate
boiling will be expected due to high heat flux, resulting in the
diffeculty on the design such as the evaluation of the surface
temperature of plasma facing components. Therefore, JAERI has carried
out heat trasfer experiments on two different test samples to
systematically evaluate heat transfer phenomena under one-sided

heating conditions. In the experiments, temperature profile along the

* office of Planning
** Department of High Temperature Engineering

* (On leave from Science University of Tokyo

(L



JAERI-Tech 95-022

circumference of the test sample were measured at a condition for the
inlet water temprerature from 20 to 80T, the local water pressure
from 0.5 to 1.5 Mpa, the flow velocity from 4 to 1ém/s, and the peak
surface heat flux ranged from 2 MW/ to burnout . Simple copmparisons
between the experimental data and the existing heat transfer
correlations were also done to investigate the applicability of use
of the existing correlation to one-sided heating conditions. As a
result of the comparison, the existing correlations are applicable to
one-sided heating conditions at non-boiling region, but can not
predict to the experimental results at partial nucleate boiling
region with high superheat. As a first step to determine heat tranfer
correlations, an inverse analysis code of heat conduction problems

was developed.

Keywords : Divertor Plate, High Heat Flux, One-sided Heating

Conditions, Nucleate Boiling, Superheat, Heat Transfer.
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1. INTRODUCTION

The plasma facing component is exposed to severe heat loads on its plasma
facing side. In particular, the surface heat flux to the divertor plate was expected
to be 15 to 30 MW/m? in ITER-CDA [1]. To reduce the surface heat flux on the
divertor plate, some ideas have been proposed [2-4]. In ITER-EDA, a dynamic gas
target concept is considered [4]. When this concept effectively works, the heat
flux on the divertor plate can be reduced down to around 5 MW/m2. However
feasibility of this concept is still uncertain, we have to develop the divertor plate
which withstands steady state heat flux more than 15 MW/m?Z.

To design the divertor plate for ITER, it is important to evaluate heat transfer
coefficients under one-sided heating conditions. Up to now, studies on heat
transfer evaluation at uniform heating conditions have been done in the world [5
- 10]. Based on the existing heat transfer correlation, Schlosser et al {11] proposed
a heat transfer correlation under one-sided heating conditions. However, he also
informed that further efforts for developing the precise heat transfer correlation
should be neccessary due to lack of data bases for his correlation. Therefore, heat
transfer experiments of smooth circular tube and swirl tube have been performed
under one sided heating conditions at JAERI ion beam test facility. The
experimental data have been compared with the existing heat transfer
correlations to investigate the applicability of their correlations to one-sided
heating conditions. In this report, experimental set-up describes in section 2.
Experiments and experimental results are presented in section 3 and 4,

respectively.
2. EXPERIMENTAL SET-UP

In the experiments, Particle Beam Engineering Test Facility {12], namely PBEF,
was used. PBEF, which consists of vacuum chambers, an ion source, high voltage
power supply system, cooling water system, vacuum pumping system, control
system, and data acquisition system as shown in Fig. 2-1, can deliver an intense

hydrogen ion beams up to 5 MW for durations from 0.01 to 10 s.

2.1 Vacuum Chamber

Figure 2-2 shows a schematic of the PBEF vacuum chamber. This chamber
made of stainless steel has many ports for installing the measuring equipment

and data acquisition system. Major dimensions of the vacuum chamber are 1.5 m

diameter and 5.0 m high. At the top of the chamber, a muiti-pole magnetic cusp
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diameter and 5.0 m high. At the top of the chamber, a multi-pole magnetic cusp
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ion source is mounted. In the chamber, there are three test sections, i. e., two test
sections with forced cooling lines and one test bed with a remotely handled
system. At the bottom of the chamber, a passively cooled ion dump which consists
of many array of copper blocks with cooling tubes is installed to stop whole
particle beams. In the heat transfer experiments, an additional ion dump, an
actively cooled ion dump which consists of 16 array of swirl tubes with an
external fin, is also installed from the side port of the chamber as shown in Fig. 2-
2 in order to handle steady state intense hydrogen ion beams because an area of

the intense ion beams is much wide compared with the test sample size.

2.2 Ion Source

This ion source have originally been developed for neutral beam injectors of
JT-60. As seen in Fig. 2-3, the ion source consists of a source plasma generator and
acceleration grid system. At the plasma generator which is multipole magnetic
cusp bucket source, hydrogen source plasma is produced by arc discharge process
using hair-pin-shaped tungsten filaments. Only hydrogen ions are extracted by
the acceleration grid system, which has four grids, i. e., a plasma grid, a gradient
grid, an electron suppression grid and an exit grid (ground grid). A transparency
efficiency of the acceleration grid system is around 40 %. This ifon source can
stably be extracted the intense hydrogen ion beams at a beam energy from 30 to
100 keV with current up to 50 A which corresponds to a current density of up to
400 mA/cm? for durations from 0.01 to 10 s. Other feature of the ion source is high

proton yield around 90 %. Major performances of the ion source are as follows;

s Acceleration Voltage, kV ;30 to 100
e Acceleration Current, A ;up to 50
e Arc Power Supply System :30to 120V, up to 2000 A x 2
sFilament :5to12V,upto400Ax?2
eHydrogen Gas Feed, Pa-1/s yup to 2700
eBeam Divergence, degree ;0910 1.2
s(Operating Gas Pressure, Pa ; 0.05
eArea of the Acceleration Grid, mm 1120 x 270
sTransparency, % + 40
¢ Heated Area at the Test Sample : 160 x 200 mm
(e-folding width)
sDuration upto 10 s
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2.3 High Voltage Power Supply System

The overall description of the PBEF facility can be found elsewhere. Figure 2-
4 and Table 2-1 are a schematic diagram and fundamental specifications of the
power supply system, respectively. In the following subsections, the accel power
supply, the plasma generator and suppresser grid power supplies, and the time

sequence are described.
2.3-1 The accel power supply [13]

In order to supply gradient grid voltage, a tube-resistor divider was selected
because it affords to feed the high current required in the beam initiation phase
and thus is capable of voltage control even during purveyance mismatched beam
initiation from the underdense side. The beam initiation from the underdense
side makes laborious adjustments of timing or waveforms unnecessary and, as a
result, permits the use .of a GTO (gate turn-off) valve. Furthermore, the tube-
resistor divider also has the ability to change the ratio of gradient grid voltage to
accel voltage during the pulse.

The GTO valve is composed of GTAS and GTAR. A 100 series element GTO stack
(GTAS) is dedicated to switch on and off the DC current only, while a 20 series
element stack, each provided with a parallel non-linear resistor (GTAR) serves the
role of holding the overcharged voltage and each GTO independently becomes
conducting as the voltage decreases when the beam initiates. The limiting voltage
of each non-linear resistor used in GTAR is about 1 kV. The specifications of the
GTO's used are listed in Table 2-2. The voltage safety factor based on the maximum
rated voltage of 100 kV is 2.5. The regulator/switch tube has been replaced by a
set of the GTO valve and a L-R-Diode element connected to the output side of the
GTO valve (see Fig. 2-4), while a crowbar switch to protect the tube was eliminated.
The function of the L-R-Diode element is to limit the surge current during source
breakdowns. The accel voltage is roughly set by a transformer with tap-changer.
Fine control of the accel voltage is made by phase-control of the AC thyrister
switch, QSWA, which has a hybrid feedback loop of both the DC output voltage and
the DC output current to achieve fast regulation.

Since stray capacitance and its countermeasure have a definite role of the
performance in PBEF power supply system, the accel voltage is supplied to the
plasma grid through an air insulated cable duct with the electrical power to the
plasma generator. The gradient grid voitage is fed through a coaxial cable whose
outer conductor is connected to the accel voltage. In this system, stray

capacitance can be grouped into two sets. One, which is charged up to the accel

_37
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voltage, is the sum of the stray capacitance in the isolation transformer of the
plasma generators and the distributed capacitance of the cable duct. This is
estimated to be as much as 24,000 pF. The other, which is charged up to the accel
voltage minus the gradient grid voltage, is distributed in the gradient grid's
coaxial cable, and is about 7,000 pF. A ferrite core of 30 mH, +0.02 - 0.02 Vs with a
resistor of 12.5 W in the secondary winding is present for surge protection.
Although the original function of the diode D1 is to suppress the back swing of the
accel voltage after source breakdown, the resistor located at the anode of the diode
also absorbs the surge energy. It should be noted that stray capacitance atfects

the initiation characteristics of the accel and gradient grid voltages.

2.3-2 The power supplies for the plasma generators and the

suppresser grids

A 5 parallel element GTO stack is also used in each arc power supply. The GTO
stacks were first connected in parallel to the loads and the arc currents were
snubbed for a short time just before the accel voltage was supplied. In this case,
the current rise of the arc after the snub was too fast to keep the accel voltage
constant and overshoot of the arc current was inevitable. These two effects made
the source condition overdense and in turn were apt to cause an electrical
instability characterized by a sudden transition to a sate in which the gradient
grid voltage is almost equal to the accel voltage. The GTO stacks were then
connected in series to the loads as sown in Fig. 2-4 and the beam initiation from
the underdense side was adopted, eliminating this instability. The GTO valves in
the arc power supplies also have the function of cutting off the output currents to
the filament when filament arcing is detected. Arcing is detected by monitoring
the unbalance of arc currents flowing through each filament.

Fach filament power supply is composed of 8 sets of DC output, one for each
filament. The negative arc terminal is connected to each positive terminal of the
filament power supply in order to reduce inequality of the total current over each

filament. A vacuum tube is used as a regulator/switch valve in the suppresser

grid power supply.
2.4 Water Cooling System

PBEF water cooling system consists of deionized water cooling loops at a
pressure of up to 1.5 MPa and a heat exhausting loop. As shown in Fig. 2-1, one

4_4k
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deionized water cooling loop is for cooling all beamline components such as the
ion source, ion dumps and test sections and the other loop is for cooling the power
supply system. In the cooling loop for the beamline, deionized water is pumped up
at a pressure up to 1.5 MPa with a circulating pump and cools the beamline
components. In particular, high pressurized water up to 2.0 MPa at the pump out
put point is availabie for the actively cooled ion dump and the test sections using
an additional pump unit. Deionized water is produced with an ion purification
system to keep its electric resistance more than 1 MQ«<m. To supply low
temperature water to the beamline components, deionized water is also cooled with
a heat exchanger unit as shown in Fig. 2-1. Deionized water with temperatures up
to 100 °C is also temporarily possibie to be supplied in the test sample in order to
evaluate an effect of heat transfer on different subcoolings. In this case, inlet
water pressure was limited to be up to 1 MPa due to adding temporal cooling
system.

At the inlet point of the test sample, maximum pressure and flow rate (flow
velocity) were 1.6 MPa and 75 [/min (up to 16 m/s), respectively, because of high
pressure drop in the cooling system. Major performance of the cooling system is

as follows;

{1)Water Circulating Pump

Type RPK 150 - 400
ePermissible Flow Rate 250 m3/h
sHead . 150 mm

(2)High Pressurizing Pump

*Type RPK 80 - 315
ePermissible Flow Rate 60 m3/h
sHead 100 mm

(3)Water Storage Tank
sVolume 6 m?3

{4)Heat Exchanger

eType Plate, UX-426 - HP - 100
s apacity 3.8 TW/C
eFlow Rate 250 m3/h

2.5 Vacuum Pumping System
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PBEF vacuum pumping system consists of three turbo molecular pump units,
four mechanical booster pump units with oil cold trappings, and four rotary pump
units as shown in Fig. 2-1. One mechanical booster pump and rotary pump unit
are used for vacuum pumping at back of the turbo molecular pump. One set, a
mechanical booster pump unit and a rotary pump unit, is used for vacuum
pumping from the atmospheric pressure to around 10-1 Pa. During the operation,
the chamber can be kept a pressure around 0.05 Pa for steady state gas feed. Major

performances are as follows;

{1)Rotary Pump

e Type OV -K1500 11
sPumping Speed 1500 1/min
eNumber 4

(2)Mechanical Booster Pump

*Type OV-RD600
sPumping Speed 600 m3/hr
sNumber 4

(3)Turbo Molecular Pump

*Type TPH 2001
ePumping Speed 2000 I/sec for hyvdrogen gas
sNumber 3

2.6 Control System

Control system mainly controls high voltage power supply system. In this
section, time sequence describes. A typical timing chart of the PBEF facility is
shown in figure 2-5. The most notable point is the relation between the initiation
of the are and accel power supply outputs. Perveance matched beam initiation
has long been understand to be an ideal way of avoiding breakdown during beam
initiation phase. This initiation method requires fine timing adjustments and also
accurate control of the arc power and accel voltage waveforms and, practically,
operating without manual adjustment does not seem achievable for various
operating conditions. Judging from our experience of both perveance matched
and mismatched beam initiations, however, we believe that source plasma build up
in the presence of a constant accel voltage induces less frequent breakdowns. In
this mode of operation, the accel voltage is applied first and after it reaches a

steady state, the arc current is switched on with a comparatively slow rise time.

— 6 —
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With this method, a fraction of the ion beam hits the accelerator grids and
hardens the periphery of extraction apertures. We believe this process
contributes to the elimination of breakdowns at high voltages and at deviated
conditions. This may be true in circular hole accelerator like our sources but not
in slot-type aperture accelerators because slots form stronger electrostatic lenses
than circular holes do and it seems that at the beam initiation phase too much

beam strikes the electrodes to avoid producing breakdowns.

2.7 Data Acquisition System

PBEF has many data acquisition systems, For heat transfer experiments, data
logging system which has a sampling speed as fast as 1.0 ms/32 channel, and an
infrared camera which has a sampling speed of 30 ms/image were mainly used as
shown in Figs. 2-1 and 2-2. In particular, the data logging system consists of two
parts, i. e., a data logging part with 32-channel high speed amplifiers for various
types of the thermocouples, strain gages, signals with a voltage from + 10V - 10 V
and data analyzing part. In the data analyzing equipments, all data are recorded

in its hard disk memory and are analyzed using original software developed for

this experiment.

3. EXPERIMENTS

Heat transfer experiments for two different test samples have been carried
out at JAERI particle beam engineering facility. This section describes test

samples, experimental conditions, and surface heat flux measurements.

3.1 Test Samples

To investigate heat transfer under one-sided heating conditions, it is essential
to measure surface and inside wall temperature distributions along the
circumference of the tube. For measurement of the surface temperature with the
infrared camera, this method would be applicable to only measure temperature at
the top flat region of the test sample, however it has less accuracy to determine
the temperature distribution because of the circular shape and different
emissivities. It is also difficult to attach thermocouples along the circumference of
the tube wall. Therefore, we determined that temperature distribution at the
selected points along the circumference in the tube are measured instead of the

temperature measurements on the surface and the wall of the tube. Based on

— 7 —
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temperature distributions at the selected points for different surface heat fluxes
measured, wall temperatures and their distributions can be analyzed by applying
the inverse analysis of heat conduction problems.

Figures 3-1 and 3-2 show a schematic of the test samples, i. e., circular smooth

and circular swirl tubes. Major dimensions of the test samples are as follows;

Quter diameter 115 mm

Inner diameter 10 mm

Length : 474 mm

test section : 400 mm

Thermocouple position +13.0 mm, pitch circle diameter

Number of thermocouples:
at top surface : 5 in-line

along the circumference 113

Many thermocouples are brazed in the tube along the flow direction and the
circumferential direction, respectively. The specification of each thermocouple is
high quality class K-type sheathed with outer diameter of 0.5 mm made of stainless
steel ($$316L), which has a response time of several ms and accuracy of 0.4 % for
full scale. For the purpose of this experiment, the accuracy is the most important
matter and the response time is enough fast for the temperature measurement
even if burnout would occur. However permissible maximum temperature of this
thermocouple at steady sate is limited to be around 500 °C, transient temperature
measurements up to 700 °C is possibie.

Since heat transfer experiments on their test samples are carried out at a
hydrogen ion beam test facility in JAERI which can not extract flat beams,
measurement of heat flux profile at the test sample position is very important.
Five thermocouples positioned along the flow direction are used for monitoring
them during the experiment. On the other hand, thermocouple position for
temperature measurement along the circumference of the test sample was
determined from the results on the previous critical heat flux experiments [9].
From zero to 180 ° from the top of the test sample, thermocouples are bonded into
the test sample with every angle of 22.5 © as shown in Fig. 3-3. On the other side,
thermocouples are also bonded into the test sample with every 22.5 ° from 11.25°
to 78.75 ° in order to interpolate temperature data at heating side.

The test samples were made of oxygen free high conductivity copper {OFHC-
Cu) because its thermal and mechanical properties are well-known. Table 3.1
shows major properties of OFHC-Cu used. A silver brazing filler metal with a
melting temperature around 720 °C which consists of 44 - 46 % silver, 29 - 31 %

48__
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copper and 23 - 27 % zinc was used in order to match the thermal properties of
OFHC-Cu bulk material.

Since these test samples are exposed to high heat loads from single side, large
thermal deformations would be expected. If the test sample would be deformed due
to one-sided heating conditrions, water flow direction has different angles from
the original direction according the heat flux level, resulting different heat
transfer phenomenon. To minimize the thermal deformation during heating, a
plate made of OFHC-Cu with thickness of 4.8 mm and depth of 15 mm was brazed to
the test sample at rear side (bottom of the tube) as shown in Figs. 3-1 and 3-2.

For swirl tube, a thin tape with a thickness of 0.5 mm made of Inconnel-625
was twisted, and then this twisted tape was inserted and fixed to a smooth tube
inner wall made of OFHC-Cu by cold working process. A tape twist ratio is defined
as a number of internal diameters for 180° of twist. In this experiment, a tape
twist ratio of 3.0 was selected from the previous results of critical heat flux
experiments [8]. In the swirl tube, the binding force between a twisted tape and
an inside wali of the tube, which is amount of the tensile force divided by the tape
insertion length, was more than 600 N/m at temperatures in the range 20 to 400
°C. This value is enough to be fit for a water pressure of up to 4 MPa.
Furthermore, even if the binding force is reduced, sleeves which protrude from
the inside wall at both ends of the tube will prevent the twisted tape from slipping
off. After fabricating the swirl tube, 0.5 mm diameter thermocouples were bonded
at the identical positions as the smooth tube.

Since heat transfer experiments of the test samples described above under
one-sided heating conditions was planned to carry out at a hydrogen ion beam test
facility at JAERI, easy mechanical joints between the test sample and a
connections for pressurized water supply line in the vacuum chamber were used
in order to turnaround the experiment. This mechanical joint, CAJON joint, which
is made of stainless steel 316, has performances that water leakage rate is as low as
less than 1 x10-9 cc/s at a water pressure of up to 15 MPa and that permissible
maximum temperature is around 200 °C because of o-ring seal.

It is also very important to measure inlet and outlet water pressures for the
determination of the subcooling and pressure drop. Figure 3-4 shows a test sample
manifold with pressure measurement ports. This manifold set at both ends of the
test sample. For the measurement of the water pressure, sensors with a
diaphragm were used. This sensor has specifications that permissible measurable
pressure and temperature ranges are from O to 5 MPa within an error of 3 % with
respect to the full scale and from 0 to 200 °C, respectively.
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Test sample was set in the vacuum chamber as shown in Fig. 2-2 to form a
horizontal flow configuration. All thermocouples were connected to the data

logging system through a vacuum multi-junction terminal.

3.2 Experimental Conditions

Two experimental conditions are basically selected. One is to determine heat
transfer coefficients in non-boiling to nucleate boiling regions under one-sided
heating conditions, and the other is to evaluate an effect of heat transfer on

different subcoolings. These experimental conditions are summarized as follows;

Condition 1 :

s Flow velocity, m/s :4.2t016

¢ Local pressure, MPa ;05t01.3

e Surface heat flux, MW/m? : 2.0 to burnout
e Inlet water temperature, “C ; up to 30

* Beam duration, s ;up to 2.0

Condition 2 :

* Flow velocity, m/s ;5.5
s Local pressure, MPa ; 0.6
» Surface heat flux, MW/m? :2.0to 10
s [nlet water temperature, °C ;20 to 80
e Beam duration, s ;up to 2.0

The experimental procedure is as follows; at first, flow velocity and local
pressure were adjusted by inlet and outlet slot valves. Keeping these flow
conditions, hydrogen ion beams were exposed to the test sample till all
thermocouples bonded in the test sample were reached to steady state condition.
Subsequently, surface heat flux increases with a small step around 2 MW/m? up to
burnout. As the preliminary experiment, it was confirmed that beam duration up
to 1.0 s was enough to obtain steady state condition. Detail will be discussed in the
next section. Therefore, the duration was fixed to 1.0 s.

Comparing cooling conditions between this experiment and the design value
in ITER, there are some differences, in particular inlet water temperature and
local water pressure. From thermal-hydraulic point of view, we believe that
influences of the pressure and/or inlet water temperature on heat transfer
should be simulated by changing the subcocling and by monitoring the local
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water temperature due to relatively wide beam heating in this experiment

compared with the ITER relevant heating conditions.
3.3 Surface Heat Flux Measurements [14]

For measuring surface heat flux at the test sample position, two different
calorimetries are applied. One is a multi-channel calorimeter, and the other is a
water calorimetry. Figure 3-5 shows a schematic of a multi-channel calorimeter
which consists of 11 cylindrical copper chips with each surface area of 2 ¢cm? for
volume of 1 cm3. One high grade K-type thermocouple with a sheath diameter of
1.0 mm is bonded to each coplﬁer chip in the rear side with a depth of 2.0 mm. To
obtain almost adiabatic temperature rise of the cylindrical copper chip during
heating, each copper chip is fixed by a small cylindrical stud bolt made of
stainless steel with a diameter of 3 mm. Therefore, heat loss through the bolt can
be minimized due to its low thermal conductivity compared with copper and be
expected to be several percents (up to 3 %) of the total deposited power. From
adiabatic temperature rises of 11 copper chips in line, surface heat fluxes and a

beam profile can be calculated by the following equation;

OBEAM, i = g(L{P(Tz, )*Cp(T2, 1) - p(T1,)°Cp(T1, 0}, (1 =1,2, 25 11) eee=(3-1)

tz,i-t4,1)

where,

GREAM ; Surface heat ﬂux,- W/m?2

Y : Volume of calorimeter chip, (= 1 cm3)

S . Heated surface area, (= 2 cm?)

p ; Density, kg/m3

Cp ; Specific Heat, J/kg/K

t, 6, ; Heating duration, s

T, T, ; Average temperature ascending of calorimeter chip att; andt,, °C
i : Number of calorimeter chip, (=11)

Figure 3-6 shows typical surface heat flux distributions measured with the
multi-channel calorimeter for different beam conditions. The abscissa is the
position along the flow direction where position zero corresponds to the center of
the test sample. Each symbol ,0, O, O, A, + and X in the figure shows surface heat
flux at different beam conditions. Heat flux profile in the flow direction is almost
Gaussian with a full width at half maximum of around 160 mm for all beam

extraction conditions because of purveyance matching operation. On the other
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hand, deposited heat flux distributions in the cross sectional direction of the test
sample have been measured and confirmed to be almost flat within a width of £20
mm where is much wider than the width of the test sample. In the experiment,
surface heat flux distribution along the circumference of the test sample is
assumed to be cosine profile because of its circular surface and of few reflection
loss (up to 2 %).

The other calorimetry, water calorimetry, has been carried out in order to
make a cross checking for multi-channel calorimetry described above. From the
water calorimetry, only total deposited power into the water is measured. Since
surface heat flux distribution is already obtained by the multi-channel
calorimetry, total deposited power into water should be given as a sum of the
deposited heat fluxes in the test sample. Therefore, surface heat flux can be

predicted by the following equation;

D.f qeeamdL = Cp°p°V-AT cessessrssscscsese  (3-7)
where,

dzzaM ; Surface Heat Flux, W/m?

D ; Outer Diameter of the Test Sample, m

L ; Length in the Flow Direction, m

Cp ; Specific Heat of Water, J/kg/K

o : Density of Water, kg/m3

\% ; Flow Rate, m3/s

AT ; Temperature Rise, K.

Surface heat fluxes measured by water calorimetry are compared with those
measured by multi-channel calorimetry. As seen in Fig. 3-7, their relationship

shows linear dependence, resulting the promising heat flux measurement in the

experiment.

4. EXPERIMENTAL RESULTS

4.1 Pressure Drop

Figure 4-1 shows pressure drop of each test sample. In the smooth tube test

sample, pressure drop can be predicted by the following equation;
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hand, deposited heat flux distributions in the cross sectional direction of the test
sample have been measured and confirmed to be almost flat within a width of £20
mm where is much wider than the width of the test sample. In the experiment,
surface heat flux distribution along the circumference of the test sample is
assumed to be cosine profile because of its circular surface and of few reflection
loss (up to 2 %).

The other calorimetry, water calorimetry, has been carried out in order to
make a cross checking for multi-channel calorimetry described above. From the
water calorimetry, only total deposited power into the water is measured. Since
surface heat flux distribution is already obtained by the multi-channel
calorimetry, total deposited power into water should be given as a sum of the
deposited heat fluxes in the test sample. Therefore, surface heat flux can be

predicted by the following equation;

D.f geeamdlL = Cp°p°V-AT cssesvsssesscasees  (3-2)
where,

GeaM : Surface Heat Flux, W/m?

D ; Quter Diameter of the Test Sample, m

L ; Length in the Flow Direction, m

Cp : Specific Heat of Water, ]J/kg/K

p : Density of Water, kg/m?3

v ; Flow Rate, m3/s

AT : Temperature Rise, K.

Surface heat fluxes measured by water calorimetry are compared with those
measured by multi-channel calorimetry. As seen in Fig. 3-7, their relationship

shows linear dependence, resulting the promising heat flux measurement in the

experiment,

4. EXPERIMENTAL RESULTS

4.1 Pressure Drop

Figure 4-1 shows pressure drop of each test sample. In the smooth tube test

sample, pressure drop can be predicted by the following equation;
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k‘p'Vaz L
AP —3 A4.—-.—l_ y SOSPOR RO ORESRERES 4—1
59 D (4-1)
where,

AP : Pressure Drop, MPa

A : Friction Factor

p : Bulk Coolant Density, kg/m3

vV, : Superficial Axial coolant Velocity, m/s

L ; Axial Tube Length, m

D, ; Inside Diameter, m

A : Conversion Factor, (=1.0197 x 103 MPa/kg/m?)

g : Gravitational Acceleration, m/s?

On the other hand, it is also confirmed that pressure drop of the swirl tube test
sample can roughly be predicted by the existing pressure drop correlation

proposed by Gambill correlation as follows;

p'Va2 L
AP = A 'f — Yy 4..2
°%2g D (4-2)
fa = O_OOS?-y*OG.DI"‘Z SENNEERANRENIRR RS (4—3)
where,

) - Tape Twist Ratio, Internal Diameters/180-deg Twist Length.

Ac  ; Conversion Factor, (= 6.895 x 103 MPa/psi).

4,2 Experimental Data

To accelerate turnaround the experiments, pulse heating experiments have
been done. A pulse duration of 1 s was selected to reach steady state heating
condition. Figure 4-2 shows a typical temperature responses measured with
thermocouples bonded in the test sample. From Fig. 4-2(a), it is clearly seen that
all temperature signals from the thermocouples reach to steady state temperatures
at a pulse duration of up to 1.0 s. A temperature distribution along the
circumference of the test sample after 1.0 s beam on is shown in Fig. 4-2(b). At
the surface heat flux of 12.8 MW/m2, which nucleate boiling is formed in a region
from top around £ 60 °, temperature difference between the top and the bottom of

the smooth tube test sample reaches to about 200 K.
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Figure 4-3 shows the temperature distribution in the flow direction measured
with thermocouples bonded in the test sample at the identical heating and cooling
conditions in Fig. 4-2. The abscissa is thermocouple position in the flow direction.
It is confirmed that a fraction of heat deposited in the test sample at a position of
TP4 where 13 thermocouples are bonded along the circumference slightly move to
flow direction. However this fraction of the deposited heat is much smaliler than
3.5 % compared with heat conduction to the circumference. Therefore, the
fraction of heat loss in the flow direction is not considered in the analyses
described in next section.

Experimental data for both of the test samples are listed in appendix as Tables
4-1 and 4-2. In the table, (3, V, and P are a coolant flow rate in 1/min, a coolant
axial velocity in m/s, and a coolant pressure at center of the test sample (local

pressure) in MPa, respectively.

5. HEAT TRANSFER EVALUATIONS

Since temperature distributions are obtained from the experiments, heat
transfer coefficients should be estimated from them. Figure 5-1 shows the
evaluation procedure for the prediction of heat transfer coefficients under one
sided heating conditions. It is two parts as follows; 1) finite element thermal
analyses using the existing heat transfer correlations are performed under the
experimental conditions. From the analyses, temperatures in the test sample and
inside heat flux and heat transfer coefficient can be obtained. Subsequently,
temperature distribution at the thermocouple position is compared with the
experimental results to evaluate the applicability on the existing correlations to
one side heating conditions. 2) based on the experimental data, inverse analyses
in thermal conduction problems are done to predict inside distributions in heat
flux, temperature, and in heat transfer coefficient, since all boundary conditions
such as the surface heat flux distribution and the temperature distribution at the

thermocouple position are given.

5.1 Comparison Between the Existing Correlations and the
Experimental Data [11]

In general, the following existing heat transfer correlations which were

obtained under uniform heating condition are used,

(1) at non-boiling,



JAERI-Tech $5-022
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with thermocouples bonded in the test sample at the identical heating and cooling
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It is confirmed that a fraction of heat deposited in the test sample at a position of
TP4 where 13 thermocouples are bonded along the circumference slightly move to
flow direction. However this fraction of the deposited heat is much smaliler than
3.5 % compared with heat conduction to the circumference. Therefore, the
fraction of heat loss in the flow direction is not considered in the analyses
described in next section.

Experimental data for both of the test samples are listed in appendix as Tables
4-1 and 4-2. 1In the table, Q, V, and P are a coolant flow rate in 1/min, a coolant
axial velocity in m/s, and a coolant pressure at center of the test sample (local

pressure) in MPa, respectively.

5. HEAT TRANSFER EVALUATIONS

Since temperature distributions are obtained from the experiments, heat
transfer coefficients should be estimated from them. Figure 5-1 shows the
evaluation procedure for the prediction of heat transfer coefficients under one
sided heating conditions. It is two parts as follows; 1) finite element thermal
analyses using the existing heat transfer correlations are performed under the
experimental conditions. From the analyses, temperatures in the test sample and
inside heat flux and heat transfer coefficient can be obtained. Subsequently,
temperature distribution at the thermocouple position is compared with the
experimental results to evaluate the applicability on the existing correlations to
one side heating conditions. 2) based on the experimental data, inverse analyses
in thermal conduction problems are done to predict inside distributions in heat
flux, temperature, and in heat transfer coefficient, since ail boundary conditions

such as the surface heat flux distribution and the temperature distribution at the

thermocouple position are given.

5.1 Comparison Between the Existing Correlations and the
Experimental Data [11]

In general, the following existing heat transfer correlations which were

obtained under uniform heating condition are used,

(1) at non-boiling,
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Nua = (0.023+Re0-8.pr0-4 Dittus-Boelter equation cesssns(5-1)

NuW = NU.a'(]J/].LW)Ol4 nnuuuouuu--(S-Z)

for swirl flow, the following additional heat transfer enhancement factor

introduced by Gambill is appliéd,

Nug = 2.18Nu,/y0-09 Gambill equation seessenserasenn(5-3)

Nusw = Nus'(l-l/llw)o'l4 ..".-, . . -----n(5~4)
(2) at transient to nucleate boiling,

q ___[ {C]Doil _ Qb }2]”2 _ - ceenen(5-
Gcon 1+ Qeon 1 qbo”) ’ Bergles-Rohsenow equation (5-5)

{3) at nucleate boiling,
the following three heat transfer correlations are available,

Twall - Tsat = 0.022.q1/2/exp(p/8.6) Thom correlation sesessase(5-6)
Twall - Tsat = 0.79.q1/4/exp(p/6.2), Jens-Lottes equation Coeseens(5-7)
Ty = {(1.0«(TgaT- TOHAhDYTL Shah correlation seesereess(5-8)

¥ = 230.06q/(GHg))0-5 .

where,

Nu : Nusselt number (-},
Nu : Nusselt Number for swirl flow (-},

s
Re :Reynolds Number (-),

Pr :Prandtl Number (-},

p :Dynamic viscosity of liquid (Pa-s),

i, :Dynamic viscosity of liquid at wall temperature (Pass),
y : Tape twist ratio ( =L180/Dj),

g :Total heat flux (MWem?2),

Qeon  : Heat flux predicted at forced convection flow (MW-m2),

Qpey  : Heat flux for boiling (MWe-m?),

qy; : Fully developed boiling heat flux at incipient boiling (MWem-2),
wan - Wall temperature (X),

: Saturation temperature (K),

sat

p :Local water pressure (MPa),



JAERI-Tech 85-022

T, : Mixed-mean temperature of liquid (K},

h, :Heat transfer coefficient at non-boiling region (Wem=-K'1),
G :Mass flow rate (kgs!),

H_ :Latent heat of vaporization (J*K1).

At the first step, 2-dimensional finite element analysis using ADINA has been
performed applying the experimental conditions to predict the temperature
distributions at the thermocouple positions and has been compared with the
experiments. Typical results in the tube without a twisted tape are shown in Figs.
5-2, 5-3 and 5-4. Figure 5-2 shows an example of temperature distributions at the
thermocouple positions for different surface heat fluxes ranged from non boiling
to nucleate boiling close to burnout. The abscissa shows the angle from the top of
the tube. This figure also shows analytical results predicted by Thom and Shah
correlations. At forced convection cooling {(none boiling) region, analytical
results show relatively good agreement with the experimental results. On the
other hand, at transition to boiling and partial nucleate boiling regions it is found
that experimental data have positioned among lines predicted by their
correlations within an error of -10 % to + 30 % as shown in Fig. 5-2, where Thom
correlation overpredicts the temperatures, while Shah correlation underpredicts.
It means that experimental data can roughly be predicted within a band between
their predicted lines. Based on these results, temperature distributions at the tube
inner wall and heat transfer coefficients are analyzed as shown in Figs. 5-3 and 5-
4, respectively. In particular the calculated heat transfer coefficients for both
predictions are deviated, resulting the difficulty of the applications for the
prediction of heat transfer coefficients under one-sided heating conditions. To
determine the actual heat transfer coefficients, further evaluations such as
inverse analyses of heat conduction are necessary.

For the tube with a twisted tape inserted, similar evaluation procedure has
been applied to predict heat transfer coefficients under one-sided heating
conditions. In this case, large heat transfer enhancement is expected due to
vortex flow. At the first step for the evaluations, Gambill correlation [4] for heat
transfer enhancement factor at non boiling region has simply been applied for
all regions. Figure 5-5 shows a comparison of experimental and analytical
temperature distributions at the thermocouple positions for different incident
heat fluxes. Experimental data have also roughly positioned among the predicted
lines as the similar to the results of the tube without a twisted tape, leading us to
similar results to the smooth tube.

However existing heat transfer correlations would be available for predicting

heat transfer coefficients under one-sided heating conditions within an accuracy
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of + 30%, new correlation under one side heating would be required to perform

the promising design of the ITER plasma facing components.

5.2 Inverse Analyses of Heat Conduction Problems

To determine heat transfer coefficient under one-sided heating conditions, 2-
dimensional inverse analyses of heat conduction problems have been done using
the experimental data. Analytical procedure and model are shown in figures 5-6

and 5-7, respectively. From the analyses, inside heat flux and temperature are

calculated.

5.2.1 Integral equation for inverse problems of heat conduction

Figure 53-8 shows a conceptual diagram of inverse analysis of heat conduction
problems. To analyze inverse problems of heat conduction, boundary element
| method (BEM) was applied [12]. This analytical method is to solve linear integral
1 equations obtained by the following process; 1) at first, a partial differential
| equation of the boundary problem which has solution is translated into integral
equation on the boundary applying Green theorem, 2) the boundary is divided to

boundary elements which are defined by linear equations.
In x-y plane, a temperature at a finite region D where are closed with each
smoothen simple closed curve can be assumed to be obtained as a position-
dependent derivative of the second order partial differential equation.

Therefore, the following equation can be given,

9 1 1 9Taye . vevesesesranasassssansassansans( 5o
L[TQ anQ‘Iano) Ir:rpQ ano]ds_ anTp (5-9)

a = 1, if point P is on the boundary,
a = 2, when point P is in the boundary.

where subscripts P and Q mean a point in an arbitrary region, a point on an
arbitrary boundary, and rpg = | PQI, respectively.

To divide Eq. (5-9) to boundary elements, boundary C is separated to n-
elements which has Q with a subscript of j, {j = 1, 2, 3, weeeees, n) and P with a
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subscript of i, (i =1, 2, ssessess, N). Subsequently, the following equation can be

given,

S:;sz -nTpl (PE C) (i=1, 2, ses, n) u-----n--unnnnnnou."(5_10)

1] n
D1 WirTgi- 3 q Vi —=
=1 j=1 Q

IQJ; _onTp (PeD) (i=1, 2, soe, N) coressevserersorsssssaserennsan(5-11)

1 WirTai- 21 Vi
= = ang;

where,
Wi = i(In1—)ds
] J ano rPIQ ’

Vj={ In1ds
J j eiQ

5.2.2 Process of the analysis

- To determine the inside temperature and heat flux, 2-dimensional analysis
code has been developed. This code based on the inverse analysis of heat

conduction problems consists of two parts as follows,

Part 1: as seen in Fig. 5-8 (1), all boundaries are given, e. g., heat fluxes on the
outside of the test sample (C1) and on both edge regions due to symmetrical
structure, temperature on inside region where corresponds to the thermocouple
position along the circumference (C2) by interpolating the experimental data.
Therefore, normal heat conduction problem can be applied to calculate
temperatures in the test sample which is closed with above boundaries. In the
heat conduction analysis, the following equation is given by arranging known

terms in left side and unknown terms in right side,

nt ni+n2 ni ni+n2
=t j=nt+1 = i+

(PEC]_) ( ]_ = 1,2,";1’11 ) .ouu...u.uun--.-..-.u---(5_12)

ni+n2 ni+n2

ni ni
Y1 WiTg- Yo Virdai= X1 Virdai- o WirTo-nTe

=1 j=n1+1 =1 j=n1+1

(PGCZ) ( i= nl.;,l,nl_;_z,u-,ﬁ) covessearssrnnese(5-13)
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Therefore, these simultaneous equations can be solved applying Gauss
formula, and have solutions which correspond to temperatures Tpi in the

boundary as follows,

1 [ : ni+n2 n1n2 \
Tpi=-5- ):1 WipTg; - 21 Vijraq) + 22 WirTq; - 22 Virqaj
2n 1 =1 j=ni+1 j=n1+1 I

(PED) ( i = 1’2’00; N ) uuuunuunuuuu-o-uu(s_l4)

Part 2: using the calculation results obtained in Eq. (5-14), inverse analysis of
heat conduction problems is performed to predict temperatures and heat fluxes on
a new boundary where is defined at inside of the previous boundary C2Z with an
infinitely small distance, DR, as shown in Fig. 5-8 (2). However new boundary is

not defined in this process, it can be given by the following equations,

ni+n2 ni+n2 ni n
Yo WpTg- Yo Virgg=-Y1 WyTo+ Yq Visag-Te,
j=n1+1 j=n1+1 j=1 =1

(PEC].) ( j_ = 1’2’"; n2 ) --uuu---n"n--nonoo(s_]_5)

ni+n2 ni+n2

Yo WipTg- Yo Vieqg-aTei= 21 Wi Tq) + 21 Viaq; »
j=n1+1 En1+1 j=1 =1

(PE CZ) ( 1 = 1,2,00: n]_) oc|oonnlouo.oon.oot.o.lonoollo(5—16)

ni+n2 ni+n2
22 WIJ‘TOj 22 Vipdaj =- Z‘[ WIJ.TQJ + 21 VU'QQJ 2n Ty .
j=n1+d j=n1+1 =1 1

(PED) ( i= 1’2 eoy N ) seersesercersecessessenssarsres(5-17)

From Egs. (5-15), (5-16), and (5-17), (n + N) numbers of simultaneous
equations for the boundary with n-unknown values, AX = y, are obtained. Since
these simultaneous equations have many solutions, therefore a solution on X
which corresponds to the boundary condition is determined by a least squares
method. In the preliminary investigation, it was confirmed that a number of
simultaneous equations is required to be at least twice of a number of unknown
values to obtain reasonable solution. By iterating these processes which the
boundary condition obtained by part 2) is used as an input condition, the
boundary condition can consequently be converged and determined. These
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processes are iterated till the inside wall of the test sample. Subsequently, the
inside temperature and the heat flux can finally be determined.

Although an infinitely small distance, DR, as shown in Fig. 5-8 (2} can
arbitrarily be defined, it should be optimized to obtain accurate solution. With
decreasing distance DR, accurate solution by the inverse analysis of heat
conduction problems in part 2) would be obtained, however, a number of the
iteration process also increases, resulting increase of sum of errors induced by
processes of inverse analyses of heat conduction problems. On the other hand,
with increasing a number of fine boundaries, accurate solution by normal heat
conduction analysis would also be obtained, while a number of unknown values
also increases. Subsequently, sum of errors induced by processes of inverse
analyses of heat conduction problems should increase. After optimizing, in the
analyses a distance DR and a number of fine boundaries were selected to be 0.1

mm, 64 for boundary along the circumference, and 16 in radial, respectively.

6. CONCLUSIONS

1) Heat transfer experiments for the smooth tube and the swirl tube have been
performed under conditions that the flow rate, the local pressure, and the
subcooling ranged from 4 to 16 m/s, 0.3 to 1.4 MPa, and 80 to 170 K,

respectively, at the surface heat fluxes from 2 MW/m? to burnout.

2) The inverse analysis code of heat conduction problems was developed to

determine heat transfer coefficient under one sided heating conditions.

3) In the simple comparisons between the experimental data and the existing
correlations for heat transfer in non-boiling region under one-sided heating
conditions, the existing heat transfer correlations proposed by Dittus-Boelter
and Gambill applying a friction factor can be applied for both tube

configurations.

4) In the subcooled partial nucleate boiling region, existing heat transfer
correlations proposed by Thom, Shah, and Jens-Lottes were roughly
applicable for the heat transfer prediction under one sided heating conditions
with an accuracy of £ 30 %, although a small discrepancy between the

experiments and the analyses was found.
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determine heat transfer coefficient under one sided heating conditions.

3) In the simple comparisons between the experimental data and the existing
correlations for heat transfer in non-boiling region under one-sided heating
conditions, the existing heat transfer correlations proposed by Dittus-Boelter
and Gambill applying a friction factor can be applied for both tube

configurations.

4) In the subcooled partial nucleate boiling region, existing heat transfer
correlations proposed by Thom, Shah, and Jens-Lottes were roughly
applicable for the heat transfer prediction under one sided heating conditions
with an accuracy of £ 30 %, although a small discrepancy between the

experiments and the analyses was found.
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5) To determine the heat transfer coefficients under one sided heating
conditions, we will develop a new heat transfer correlation which can cover

from non-boiling to the subcooled partial nucleate boiling regions.
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Table2-1 Fundamental Specifications of PBEF Power

Voltage
Accel P.S,
plasma grid 20-100 kv
gradient grid 20-90 kv
Suppressor Grid P.S. -(.5-3) kV
Arc P.S, 120 v
or 180 V
Filament P.S. 12 v

Current

80 A

-2 - +2 A

22 A

2000 Ax 2

1000 Ax 2

400 Ax8x 2

Duration

10 s

10 s

10 s

10.5 s

Duty

1/30

1/30
1/30

Table2-2 Specifications of the Gate Turn Off Thyristors.

Type

Voltage Range (V)

Ly (RUS) ®)
*

L16q (A)
*% o

Irgm (a)

g (us)
gq

Accel P.S.

SG600EX21 (Toshiba)

2500

£20

600

6000

20

* turn off current

L. L.

=% gurge on current

*%%  turn off time
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Table3-1 Thermal and Mechanical Properties of

-022

QFHC — Cu.
Density at RT, kg/m® :8.9x10°
Elastic Modulus, GPa
at 20°C 82.4
at 100°C 78.5
at 200°C 73.5
at 500°C 65.7
at 800°C 58.8
Yield Strength, MPa
at 20°C 441, 0.2%
103.0, 4.0%
at 400°C 34.3, 0.2%
66.7, 4.0%
Ultimate Strength, MPa
at RT 245.0
Poisson Ratio 0.33
Thermal Conductivity, W/m-K
at 27°C 398.0
at 400°C 383.0
at 527°C 371.0
at 727°C 357.0
at 927°C 342.0
Thermal Expansion Coefficients, x10°/K
at 27°C 15.0
at 300°C 16.6
at 400°C 18.3
at 500°C 19.1
at 600°C 20.0
at 800°C 21.6
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Figure2-2 Schematic of JAERI Particle Beam

Engineering Facility.
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Figure3-6 Surface Heat Flux Distributions at the

Test Sample Position.
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(beam profile at the sample position)

Figure3-7 Comparison of deposited power with different

measurement method.
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1.00 JAERI/PBEF/DP-003
—0— Smobth Tube

%0 IDA0 p

0. —— Swirl Tube /
ID/10, y/3.0 £
0.60 //5
0.40 ,/ |
/ o ©
0.20 = s |
0.00° *-
2 4 6 8 10 12 14 16 18

Axial Flow Velocity, m/s

Figure4-1 Pressure Drops of Smooth and Swirl tubes.

All data were measured at temperature around 20 °C.
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Figured4d-3 Temperature Distribution in the Flow Direction.
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Experimental Data
(surface, OD, |D', Vel

g=q(8), Given

T T(8)
At Ro
T(o), T(11.25), ..T(180) | Tw? To=To(8)
- Given

_0-5
l =0 q(e)

HEAT CONDUCTION ANALYSIS

Boundary Conditions

OUTPUT
Ri= Ri- AR qi(6), Ti(8)

'

INVERSE ANALYSIS OF HEAT CONDUCTION
{ I
Ri = Rw 6q

Yes A

Tw(e), qw(e)! h(e)

raT + TbQl = xc

Figure5-6 Conceptual Diagram of Inverse Analysis of

Heat Conduction Problems.
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Two-Dimensional STeady State
Analysis with Boundary Eiement
Method

Number of Mesh Points

along the circumference: 64
at radius direction 116

Well-Known Boundary Region

Figureb-7 Analytical Model.

Outside:
Boundary C1
(surafec heat flux,given) g

Inside:
Predicted Boundary C2
(assumed temperature
distribution)

R2 = R2 - DR
ﬁ

(IIIIIIIIIIIIIIIIIII

(1) (2)

Inverse Analysis of Heat Conduction Problem

) Temperature Well-known Region

Figure5-8 Conceptual Diagram of Inverse Analysis of

Heat Conduction Problems.
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APPENDIX: Experimental Data

Table 4-1. Temperature data for smooth tube test sample.
Notation:

Q; flow rate, I/min

V; flow velocity, m/s

P; local pressure, MPa

Vacc; acceleration voltage, kV

lacc; acceleration current, A

q; peak surface heat flux on the test sample, MW/m?
TO; inlet water temperature, °C

Tbulk; local water temperature, °C

Tsat; saturation temperature at the local pressure, °C

In the table, only thermocouple channel numbers and temperatures indicate. Each
channel corresponds to the position described in Fig. 3-3.
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ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-1.)

920625

920625011Q=65.0 V=13.8 P=1.03 Tsat=181.17

NC. Vacc(kv) [lacc(A) a{MW/m2} |10{°C) Thulk(°C} It{sec)
1[H45 30.0 3.0 0.77 21.5 22.5 1.0
2|H48 ) 4.8 2.04 21.5 23.5 1.0
3[H47 6.9 6.96 21.5 25.5 1.0
4|H48 11.5 12.80 20.5 26.5 1.0
5|H48 34.0 13.8 18.20 21.5 30.5 1.0
6[{H50 36.0 15.3 21.20 21.0 31.0 1.0
7 |H51 38.0 17.0 24.50 21.0 33.0 1.0
8|H52 39.0 17.5 26.20 22.0 36.0 0.5

92062502|Q=60.63 V=129 P=1.05 Tsat=182.01

NO. vacc(kv) |lacc{A) q(MW/m2) |TO(°C} Tbulk(°C}) lt(sec)
1{H53 30.0 3.0 0.77 22.0 23.0 1.0
21H54 5.0 2.35 21.0 23.0 1.0
JIH55 6.0 4.40 21.0 24.0 1.0
4|H56 7.0 7.29 21.0 26.0 1.0
5|H57 11.3 12.80 22.0 30.0 1.0
6|{H58 32.0 12.5 15.40 21.0 31.0 1.0
7|H58 34.0 14.4 18.20 21.0 33.0 1.0
8[HB60 36.0 15.3 21.20¢ 21.0 35.0 1.0
9 [H&1 ; 37.0 16.3 22.90 22.0 38.0 1.0

1(HHE2 38.0 1€.6 24.50 22.G 39.0 0.5
92062503|Q=55.63 V=11.81 P=1.08 Tsat=183.25

NO. vacc{kv} {lacc{A) a{Mw/m2) |To(°C) Thuik{°C) |[t{sec)
1[H63 30.0 3.0 0.77 22.0 23.0 1.0
2]H64 4.8 2.04 22.0 24.0 1.0
3|H65 6.0 4.40 22.0 25.0 1.0
41H66 7.0 7.29 22.0 27.0 1.0
5|H67 11.0 12.80 22.0 29.0 1.C
6[HE68 32.0 12.5 15.40 22.0 31.0 1.0
7[HE9 34.0 14.3 18.20 21.0 32.0 1.0
8|H70 36.0 15.3 21.20 20.0 33.0 1.0
g[(H71 37.0 16.3 22.90] | 22.0 38.0 1.0

92062504|Q=47.0 V=8.97 P=1.16 Tsat=185.43

NOL Vacc(kv) [lacc{A) q(MW/m2) {TO(°C) Tbulk(°C} |t(sec)
1|H72 30.0 2.8 0.77 21.5 22.5 1.0
2|H73 6.0 4.40 22.0 26.0 1.0
3|H74 6.8 6.65 21.5 26.5 1.0
41H75 : 11.0 12.80 22.0 31.0 1.0
5|H76 5.0 2.35 20.5 22.5 1.0
6|H77 8.9 11.00 20.5 27.5 1.0
7IH78 32.0 12.6 15.40 21.5 32.5 1.0
g|H7% 34.0 14.3 i8.2 20.5 32.5 1.0
9|H80 36.0 15.6 21.2 20.0 34.0 1.0

1 0[H81 37.0 16.2 22.9 20.0 35.0 0.5




JAERI-Tech 95-022

Continue (Table 4-1.)

ITER TASK/JB-DPI-3/JAPAN

92062601|Q=40.6 V=8.62 P=1.14 Tsat=185.5 _

NO. Vacclky) [lacc{A) a{MW/m2} |T0{*C) Toulk{°C) |t(sec) B
1|H82 30.0 3.0 0.77 23.5 24.5 1.6
2|H83 5.0 2.35 22.0 24.0 1.0
3|Ha4 6.2 4.91 22.5 25.5 1.6}
4|H85 7.0 7.29 23.5 28.5 1.04
5[H86 8.0 9.50 23.0 31.0 1.0
6|H87 11.3 12.80 23.5 32.5 1.0
7|H88 32.0 12.6 15.40 23.5 34.5 1.0
8|H89 34.0 14.3 18.20 24.0 37.0 1.0
g|Hao 36.0 14.8 21.20 24.0 39.0 0.7

g206260210=31.0 V=6.58 P=1.18 Tsat=187.2 l

NO. Vacc(kv} [lace(A) g{MW/m2) |Te(°C) Thulk(°C) [t{sec) !
1[Hg1 30.0 3.2 0.78 23.0 24.0 1.0
2{Hg2 5.0 2.35 23.5 25.5 1.t}
3[H93 6.0 4.40 24.0 27.0 1.0,
4|H94 7.0 7.29 23.5 28.5 1.0
5|H95 8.2 9.87 22.0 29.0 1.0
§{HY6 11.3 12.80 22.0 31.0 1.0
7|HS7 32.0 12.5 15.40 22.0 33.0 1.1}
8{Has 34.0 14.0 18.20 24.0 37.0 1.6
9lHg9 35.0 15.0 19.70 23.5 37.5 0.8

]
92062603{Q=20.25 {V=4.3 P=1.19 Tsat=187.58

NO. Vacc(kv) [lacc{A) qfMWim2) [T0(°C) Tbulk(°C} |t{sec)
1100 30.0 3.1 0.77 22.0 23.0 1.0
2lio1 53 2.87 22.0 24.0 1.0}
3llo2 6.0 4.40 23.5 26.5 1.6}
4103 7.0 7.29 23.5 28.5 1.6
5{l04 11.0 12.75 22.0 29.0 1.0,
6{105 32.0 12.6 15.40 22.5 31.5 1.6
7106 33.0 13.0 16.70 23.5 33.5 p.8

92062604/0=55.38 [v=11.76 [P=0.8 Tsat=170.41

NOL Vacc(kv)  [lacc({A} q{MwW/m2) |T0(°C) Tbulk(°C} |t{sec)
1lio7 30.0 3.0 0.77 22.5 23.5 5.0l
2lios 5.0 2.35 22.5 24.5 1.0
3liog 7.0 7.28 22,5 25.5 1.0
4l110 5.2 4,91 22.5 27.5 1.0
5[111 7.8 9.31 22.5 29.5 1.0
g[112 9.2 11.40 22.5 31.5 1.0
7113 §1.2 12.80 21.5 32.5 1.0
8{l14 32.0 126 15.4 21.0 33.0 1.0
gli15 34.0 13.7 18.2 21.5 34.5 1.0

10|16 36.0 15.3 21.2 22.0 36.0 1.6
110117 37.0 16.1 22.9 20.5 35.5| 0.98{1.0) :
92062605/Q0=47.5 V=10.08 [P1=11.25 [P2=58 P=8.525 |Tsat=172.25

N, Vacc{kv) Hacc(A) g(MW/m2) |TO(°C) Thulk{°C} |t({sec)
illi8 30.0 3.0 0.78] 22.0 23.0 1.0
2119 5.0 2.35 21.5 23.5 1.0
3(120 6.0 4.40 22.0 24.0 1.0°
4121 7.1 7.28 20.5 25.6 1.6
5{i22 g.2 11.40 21.0 28.0 1.0
6{123 11.0 12.80 22.0 31.0 i
7]iz4 32.0 12.5 15.40 21.5 32.5 160
8lizs 34.0 13.8 18.20 22.0 35.0 1.5
glizs 35.0 14.6 19.70 22.0 36.0 1.4

10127 36.0 15.0 21.2 21.5 36.5 .2l
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ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-1.)

92062901[{Q=41.25 V=875 P=0.851 Tsat=172.94
NO. Vacc(kv) tHacc(A}  |g(MW/m2) |TO{*C) Thulk{°C) [t(sec)
1{128 30.0 3.0 0.77 25.0 26.0 1.0
2{Ho1 5.0 2.35 25.0 27.0 1.0
3[HO2 7.0 . 7.29 24.5 30.5 1.0
41HQ3 6.0 4.40 24.0 28.0 1.0
51H04 8.0 9.50 24.0 32.0 1.0
61HOS 11.3 12.80 24.0 34.0 1.0
7|H06 3z2.0 12.8 15.40 24.0 36.5 1.0
81H07 34.0 14.2 16.70 24.5 36.7 1.0
91HO8 35.0 14.7 18.70 24.7 39.0 1.0
10|H09 36.0 14.8 21.20 26.0 - 37.7] 0.62{(1.0)
92062902(Q=32.13 V=6.82 P=0.8388 Tsat=175.21
NO. Vacc({kv] |lacc({A) q(MW/m2) {TG{°C) Tbulk(°C) {t(sec)
1{H10 30.0 2.9 0.77 25.2 26.2 1.0
21H11 5.0 2.35 25.0 27.0 1.0
3|H12 6.0 4.40 25.0 28.0 1.0
4iH13 7.0 7.29 25.5 30.5 1.0
5|H14 10.9 12.72 26.0 33.0 1.0
6|H15 32.0 12.2 15.40 26.0 35.0 1.0
7|H16 33.0 13.2 16.70 26.0 37.0 1.0
8|H17 34.0 13.8 18.20 25.0 38.0 1.0
92062903|Q=20.38 V=4.32 P=0.912 Tsat=175.92
NO. vacc(kv) |lacc{A) q{MW/m2) |T0{°C) Tbutk{*C} [t{sec)
1{H18 30.0 3.0 0.77 26.0 27.0 1.0
21419 5.2 2.69 25.5 29.5 1.0
3|H20 ] 4.0 1.14 25.5 27.5 1.0
41H21 6.0 4.40 25.5 31.5 1.0
51422 7.0 7.29 25.0 33.0 1.0
6{H23 11.3 12.80 25.5 35.5 1.0
7|H24 32.0 12.3 15.40 26.0 38.0 1.0
8|H25 33.0 13.3 16.70 25.5 39.5 0.8
3208630
92063001|Q=41.6 V=8.83 P=0.345 Tsat=138.37
NO, Vacc(kv) lacc({A) g(MW/m2) |TO(°C) Thulk{*C) it{sec)
1{H26 30.0 11.4 12.80 22.5 30.5 1.0
2|H27 3.0 0.77 24.0 25.0 1.0
3/H28 5.0 2.35 22.5 24.5 1.0
41H29 6.0 4.40 22.5 26.5 1.0
51H30 7.0 7.29 24.0 30.0 1.0
6[H31 32.0 12.4 15.40 23.0 33.0 1.0
7{H32 34.0 13.7 18.20 24.0 36.0 1.0
81H33 36.0 15.5 21.20 22.0 36.0 0.8
9|34 36.0 14.8 21.20 23.0 37.0 1.0
92063004[Q=19.5 V=414 P=0,192 Tsat=190.28
ND Vacc(kv) lacc(A) a(MW/m2) [TO{°C) Thulk{°C) [t(sec)
1|H48 30.0 3.0 0.77 22.0 23.0 1.0
2|H49 5.1 2.51 21.0 23.0 1.0
3|H50 6.1 4.65 22.0 26.0 1.0
4|H51 7.6 7.29 22.0 28.0 1.0
5[H52 11.4 12.80 22.0 30.0 1.0
B6IH53 31.0 11.8 14.00 22.0 31.0 1.0
7iH54 32.0 12.6 15.40 21.0 31.0 1.0
8[H55 33.0 13.4 16.70 22.0 33.0 1.0j
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ITER TASK/JB-DPi-3/JAPAN

Continue (Table 4-1.)

920702

892070201]Q=30.34 V=6.44 P=1.386 |Tsat=194.57

NO: Vacc(kv) |lacc(A) q{MW/m2) |T0{*C) Tbulk(*C) |[t(seg}
1{HO01 3C.0 3.0 0.77 23.5 24.0 1.0
2|H02 5.2 2.69 23.2 25.2 1.0
3|1HG3 4.0 1.14 24.3 25.3 1.0
4|HQ4 6.1 4.65 235 26.5 1.0
5|HOS 6.8 6.65 23.5 27.0 1.0
6|HO6 11.0 12.75 23.0 28.0 1.0
7|HO7 32.0 i2.6 15.40 23.0 31.0 1.0
8|HO8 33.0 13.5 16.70 23.9 33.9 1.0
91HOQ . 34.0 14.2 18.20 24.0 35.0 0.80

92070202|Q=19.5 V=414 P=1.41 Tsat=195.37

NO. vacc(kv) |lacc(A) g(MW/m2) |T0(°C}) Thulk{*C} [t{sec)
1{H10 30.0 3.0 0.77 23.5 24.0 1.0
2[Hi1 4.5 1.64 23.5 24.5 1.0
3[Hi2 5.0 2.35 25.0 27.0 1.0
4]H13 ‘ 6.3 5.18 23.5 26.5 1.0
5{H14 7.1 7.55 24.0 29.0 1.0
6i{H15 11.0 12.75 23.3 31.3 1.0
7{H16 9.3 11.53 24.2 32.2 1.0
g|Hi7 31.0 12.0 14.00 25.0 33.0 1.0
9{H18 32.0 12.3 - 15.40 25.0 35.0; 0.98(1.0)

92070203{Q=60.36 |V=12:82 P1=1.263 [Tsat=180.28

ND. Vacci(kv) [lacc(A) g(MW/m2} |TO(°C} Thulk{°C} it(sec})
1]H19 30.0 3.0 0.77 23.5 24.0 1.0
2|H20 5.0 2.35 24.0 25.0 1.0
3|H21 7.1 7.55 23.5 27.5 1.0
4|H22 : 6.2 4.91 23.5 25.5 1.0
5|H23 11.5 12.80 23.5 26.5 1.0
6|H24 31.0 12.0 14.00 24.0 30.0 1.0
7iH25 32.0 12.3 15.40 24.0 32.0 1.0
81H26 34.0 13.5 18.20 23.5 33.5 1.0
9|H27 358.0 15.0 21.20 24.3 36.3 1.0

10|H28 38.0 _16.5 24.50 23.5 37.51 0.6(0.8)
11jH29 37.0 16.5 22.90 25.0 38.0 0.8
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Continue (Table 4-1.)

920703

§2070301[Q=59.88 |V=12.71 P=0.75 Tsat=167.92
ND Vacc{kv) |lacc(A} g(MW/m2) |To{°C) Thulk(°C} |t{{sec}
11H30 30.0 3.0 0.77 . 24.0 25.0 1.0
2/H31 5.0 2.33 24.0 26.0 1.0
3]H32 7.0 7.29 24.2 28.2 1.0
4{H33 5.8 3.82 25.5 28.5 1.0
5{H34 10.8 12.69 25.6 31.6 1.0
BiH35 32.0 12.3 15.40 25.9 32.9 1.0
7[H36 34.0 141 18.20 24.2 32.2 1.0
B8lH37 36.0 15.0 2i.20 25.3 35.5 1.0
g9|H38 37.0 15.6 22.90 25.0 37.0 0.75(1.0}
92070304{Q=30.5 V=6.48 P=0.381 Tsai=141.88
NO. Vacc{kv) |lacc(A} ag(MW/m2} |T0(°C) Thulk(*C) It{sec)
1(H48 30.0 3.0 0.77 24.5 25.5 1.0
2{H4% 5.0 2.33 25.3 27.3 1.0
3{H50 6.0 4.40 26.2 29.2 1.0
4[H51 7.1 7.63 25.0 29.0 1.0
5|H52 9.0 11.14 25.8 31.8 1.¢
61HS53 11.0 12.75 25.2 33.2 1.0
7|H54 32.0 12.3 15.40 25.2 35.2 1.0
8lH55 34.0 13.8 18.20 26.2 37.2 1.0
Q[H56 33.0 12.9 16.70 26.2 38.2 1.0
92070305{Q=19.75 [V=4.19 P=0.4 Tsat=144.78
NO, Vace{kv) [lacc(A) qQ(MW/m2} {TO{°C) Tbulk(*C} li{sec)
1j{H57 30.0 3.0 Q.77 24.3 25.3 1.0
2iH58 5.0 2.33 25.0 27.0 1.0
JIH59 7.0 7.29 25.2 28.2 1.0
41HB0 6.1 4.65 24.3 29.3 1.0
5{HE1 9.2 11.40 25.0 32.5 1.0
6{H62 11.3 12.80 24.2 34.2 1.0
92070306(Q=30.13 |V=6.4 P=0.581 Tsat=157.58
NO. Vacc{kv] ilacc(A} g(MW/m2} |TG(°C) Thulk(*C} |[t{sec}
HE3 30.0 3.0 077 24.0 24.5 1.0
Ho1 5.0 2.30 25.0 26.0 1.0
Ho2 6.1 4.40 24.0 26.0 1.0
HO3 7.0 7.29 25.0 29.0 1.0
HO4 9.2 11.20 25.0 32.0 i.0
HO5 11.3 12.80 25.0 33.0 1.0
Ho6 32.0 12.5 15.40 25.0 34.0 1.0
HO7 34.0 14.1 18.20 24.0 34.0 0.5
HOB8 14.2 18.20 24.0 34.0 0.8

b2 —
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Continue (Table 4-1.)

920930
92093001|Q=20 V=424 P=0.88 Tsat=179.05
- IND. Vacc(kv) [lacc{A) a(MW/m2) |To{°C}) Thulk{°C] |t(sec)
1iH11 30.0 3.0 0.77 28.0 29.0 1.0
s 2|H12 4.0 1.14 27.6 29.1 1.0
3|H13 5.0 2.35 27.8 29.5 1.0
4|H14 6.1 4.62 27.0 29.5 1.0
5|H15 7.1 7.55 28.2 33.2 1.0
6{H16 8.0 9.50 27.8 35.3 1.0
7{H17 11.0 i12.75 27.8 38.3 1.0
8{H18 11.5 12.80 27.0 38.0 1.0
glH19 31.0 12.0 14.00 27.0 38.5 1.0
10{H20 32.0 12.5 15.40 22.5 35.5 1.0
11jH21 33.0 13.0 16.7 24.7 37.7 1.0
12|H22 34.0 14.0 18.2 24.2 1.0
921001
92100102|Q=47 v=9.99 P=0.877 |Tsat=178.85 .
NG Vacc(kv} jlacc{A) g{MW/m2) |To{C} Tbulk(°C} |t(sec)
1|H23 30.0 2.9 0.77 22.4 23.2 1.0
_ 2|H24 4.0 1.14 24.0 25.0 1.0
3|H25 5.1 2.51 24.0 25.1 1.0
4|H286 6.0 4.40 24.0 25.9 1.0
5|H27 7.0 7.29 23.0 25.8 1.0
6|H28 8.1 9.68 23.8 27.1 1.0
7|H28 11.2 12.80 23.5 28.0 1.0
8lH30 32.0 12.5 15.40 23.5 29.5 1.0
91{H31 33.0 13.0 16.70 24.0 31.0 1.0
10|H32 34.0 13.8 18.20 23.8 31.6 1.0
11]H33 36.0 15.2 21.2 23.0 31.3 1.0
12|H34 37.0 16.3 22.9 23.0 31.8] 0.51(1.0)
131H35 38.0 16.2
92100103]Q=47 V=8.99 P=1.275 |Tsat=190.72
NO, Vace{kv) [lacc(A) g(MW/m2) {T0(°C} Thulk{°C) {t(sec)
1{H36 30.0 3.0 0.77 23.8 24.6 1.0
21H37 5.0 2.4 23.2 24.4 1.0
3|H38 6.0 4.4 22.5 24.3 1.0
4|H3g 7.0 7.3 22.8 25.6 1.0
5{H40 8.0 9.5 23.0 26.3 1.0
61H41 | 11.2 12.8 24.5 29.5 1.0
7|H42 34.0 13.8 18.2 24.0 30.0 1.0
8iH43 37.0 15.9 22.9 23.0 31.5 1.0
9|H44 38.0 16.6 24.2 0.6
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ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-1.)

921002
g92100201|Q=74.5 V=15.81 P=0.98 Tsat=179.05
NO. vaccikv) [facc(A) qiMwW/m2) [To(=C}  |Tbulk{°C} |t{sec)
1{HO1 30.0 3.0 0.77 23.0 23.5 1.0
2|Ho02 4.2 1.31 24.5 25.3 1.0
3|H03 5.0 2.35 23.0 24.2 1.0
41404 6.1 4.65 24.5 26.0 1.0}
5|HOS 7.1 7.55]° 24.5 26.3 1.0
6 |HOB 8.2 9.87 23.5 25.7 1.0
7 |HO7 11.1 12.80 23.0 26.1 1.0
glHo8 34.0 14.0 18.20 23.2 27.5 1.0
91HQS 37.0 15.8 22.90 23.2 28.7 1.0
10{H10 39.0 17.5 26.20 24.5 31.5 1.0
11]H11 40.0 18.0 28.1 23.2 0.72(1.0)
92100202{Q=47.5 V=10.08 P=0.483 Tsat=151.31
NO. Vacc(kv} [lacc{A)} q(MWrm2) iT0{°C) Thulk(°C) |t{sec)
1iH12 30.0 3.0 0.77 23.5 24.0 1.0
2|H13 5.0 2.4 22.5 23.5 1.0
3|H14 6.0 4.4 24.0 25.5 1.0
41415 7.0 7.3 23.0 25.5 1.0
5|H16 7.9 9.3 23.5 27.0 1.0
6|H17 11.2 12.8 22.5 27.0 1.0
7|H18 34.0 14.0 18.2 22.5 29.5 1.0
g8{H19 36.0 15.0 21.2 23.2 31.7 1.0
g|H20 37.0 15.9 22.9 24.0 34.5 1.0
10]H21 . 38.0 16.0 24.5 23.5 0.52(1.0)
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Table 4-2. Temperature data for swirl tube test sample.
Notation:

Q; flow rate, I/min

V: axial flow velocity, m/s

P: local pressure, MPa

Vacc; acceleration voltage, kV

lacc; acceleration current, A

q; peak surface heat flux on the test sample, MW/m?
TO; inlet water temperature, °C

Tbulk; local water temperature, °C

Tsat; saturation temperature at the local pressure, °C

In the table, only thermocouple channel numbers and temperatures indicate. Each
channel corresponds to the position described in Fig. 3-3.
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920709
920709011Q=47.0 V=0.97 P=0.461 Tsat=148.81
NO. Vacc(kv) [lacc{A} a(MW/m2} |To(°C) Tbulk{°C) [t{sec}
1|H20 30.0 3.1 0.77 26.0 27.0 1.0
2|H21 5.2 2.69 24.7 26.7 1.0
3[Hz2 7.0 7.30 25.0 28.5 1.0
4|H23 11.4 12.80 26.0 33.0 1.0
5iH24 32.0 12.5 15.40 25.0 33.5 1.0
6|H25 34.0 14.2 18.20 24.4 34.4 1.0
7|H26 36.0 156.5 21.20 24.4 36.4 1.0
8|H27 38.0 16.6 24.50 26.0 39.0 1.0
g|H28 39.0 17.6 26.20 26.0 40.0 1.0
10|H29 40.0 18.5 28.10 25.8 40.8 1.0
11[H30 41.0 19.0 30.00 24.3 42.3 1.0
i2{H31 42.0 19.8 32.10 0.78(1.0)
§2070802|Q=40.38 V=857 P=0.512 [Tsat=152.74
NO. Vacc{kv) [lacG(A} q(MW/m?2) |T0{°C) Tohulk(°C) [t{sec)
1|H32 30.0 3.1 0.77 25.8 26.8 1.0
2|H33 5.2 2.69 25.5 27.5 1.0
3[H34 7.0 7.29 25.8 30.3 1.0
41H35 8.0 4,40 25.8| - 28.8 1.0
5{H38 11.5 12.80 25.0 33.0 1.0
6|H37 9.0 11.14 25.8 32.8 1.0
7[H38 32.0 12.7 15.40 25.5 35.0 1.0
8[H39 34.0 14.0 18.20 24.3(. 35.3 1.0
g[{H40 36.0 15.4 21.20 26.0 39.0 1.0
10|H4 38.0 16.5 24.50 26.0 41.0 1.0
11|H42 39.0 17.5 26.20 25.8 41.8 1.0
12|H43 40.0 18.2 28.10 25.0 42.0] 0.8(1.0)
92070803[Q=30.63 V=86.5 - P=0.56 Tsai=156.16
ND. Vaccl{kv) {lacc(A) a{MW/m2} |T0{°C) Thulk{*C) lt{sec)
1|H44 30.0 3.1 0.77 25.8 26.8 1.0
2{H45 5.1 2.51 24.5 26.5 1.0
3{H456 6.2 4.91 25.5 28.5 1.0
4|H47 7.0 7.30 25.3 29.5 1.0
5[H48 8.2 9.87 24.0 30.0 1.0
6[(H49 11.0 12.80 24.5 32.5 1.0
7IH50 32.0 12.7 15.40 24.8 34.3 1.0
g1H51 34.0 13.9 18.20 25.0 36.0 1.0
g1H52 36.0 15.4 21.20 24.2 37.2 1.0
10]H53 38.0 17.0 24.50 25.5 40.5 1.0
11{H54 39.0 17.0 26.20 25.0 41.0| 0.64(1.0)
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Continue (Table 4-2.)

920710
9207100110=20.0 V=425 P=0.582 |Tsat=157.65
NO. Vacc{kv) [lacc(A) g(MW/m2} [T0(°C} Thulk{*C} {t(sec)
1JHES 30.0 3.2 0.77 23.0 24.0 1.0
Z2|H56 5.0 2.35 22.5 24.5 1.0
3|H57 7.0 7.30 23.0 27.5 i.0
4[{H58 5.8 3.92 24.2 27.2 1.0
5|H59 11.2 12.80 23.5 31.5 1.0
6|HB0 32.0 12.4 15.40 23.2 32.7 1.0
7|H61 34.0 13.7 18.20 24.0 35.0 1.0
8{HB2 36.0 15.1 21.20 24.0 37.0 1.0
91H63 37.0 15.9 22.80 23.9 37.9 1.0
10|HB64 38.0 16.4 24.50 24.0 39.0 1.0
92071002{Q=36.88 V=7.83 P=0.321 Tsat=135.86
NO. Vacc(kv) [acce({A) q(MW/m2) {T0(°C) Thulk(°C) [t(sec)
1]HB5 30.0 2.9 0.77 24.4 25.4] 1.0
2]H66 5.0 2.35 23.8 25.8 1.0
JjHE7 7.1 7.55 23.5 28.0 1.0
4{HB8 6.4 5.45] . 24.5 27.5 1.0
5|H69 11.0 12.80 24.2 32.2 1.0
6[H70 7.9 9.31 23.0 29.0 1.0
7[H71 32.0 12.6 15.40 23.3 32.8 i.0
gjH72 34.0 14.0 18.20 24.5 35.5 1.0
9[H73 36.0 15.6 21.20 24.5 37.5 1.0
10|H74 38.0 16.7 24.50 23.5 38.5 1.0
11}H75 39.0 17.86 26.20 23.0 39.0 1.0
12|H76 40.0 i8.4 28.10 24.5 41.5 1.0
13|H77 41.0 18.5 30.00 23.0 41.0]  0.6(i.0)
92071003|Q=30.3 V=6.42 P=0.362 [Tsat=140.06
NO. vacc(kv) llacc{A} a(MW/m2) [TO(°C) Tbulk(°C) it(sec)
1[H78 306.0 3.4 .82 24.0 25.0 1.0
2[H7¢ 4.8 2.04 23.0 25.0 1.0
3IHBO 6.0 4.40 24.0 27.0 1.0
4iH81 7.1 7.55 23.6 28.1 1.0
5|H82 11.3 12.80 24.6 32.6 1.0
5]H83 32.0| . 12.6 15.40 23.5 33.0 i.0
71H84 34.0 14.1 18.20 23.9 34.9 1.0
8{H85 36.0 15.1 21.20 25.0 38.0 1.0
9{H86 38.0 16.6 24.50 23.8 38.8 1.0
10(H87 39.0 17.2 26.20 23.5 38.5 1.0
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Continue (Table 4-2.)

820713
92071301|Q=20.38 _ [V=4.33 P=0.382 |Tsat=141.97

NO. Vacefkv) [lacc(A) g(MW/m2) [To(*C) Thulk{*C} |t{sec}

Hs8 - 30.0 3.2 0.77 23.0 24.0 1.0
Hag 5.3 2.87 23.0 25.0 1.0
HI0 7.0 7.30 22.8 27.3 1.0
Ha1 6.0 4.40 22.0 25.0 1.0
Ha2 ) 11.0 12.80 22.5 30.5 1.0
HS3 32.0 12.5 15.40 23.2 32.7 1.0
H94 34.0 14.2 18.20 21.5 32.5 i.0
H95 36.0 15.2 21.20 22.0 35.0 i.0
H9e 38.0 16.0 24.50 23.2 38.2] 0.93(1.0)
H97 37.0 15.8 22.80 225 36.5 1.0

92071302|Q=70.0 V=14.86 |{P=0978 |Tsat=178.92

NO. Vacc(kv) [lacc(A) a(MW/m2) {TO(°C) Tbulk(°C} |t{sec}

Hags8 30.0 3.0 0.77 23.0 23.4 1.0
Hg9 S.1 2.51 23.8 24.5 1.0
101 5.9 4.15 23.2 24 4 1.0
102 7.0 7.30 22.2 23.7 1.0
103 11.5 12.80 23.8 26.8 1.0
104 34.0 13.9 15.40 23.5 28.0 1.0
105 36.0 15.4 18.20 23.5 29.0 1.0
106 38.0 16.8 24.50 22.2 28.2 1.0
107 40.0 18.0 28.10 23.0 31.0 1.0
108 41.0 19.0 30.00 22.2 30.7 1.0
169 42.0 19.2) 32.10 23.8 32.8 1.0
110 43.0 20.6 34.30 23.8 33.8 1.0
111 44.0 21.5 36.60 23.0 335 1.0
112 45.0 21.9 38.10 23.0 34.8 1.0
113 46.0 22.0 22.2 34.0] 0.44(1.0




JAERI-Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

920714
92071401/Q=60.5 V=12.85 P=0.98 Tsat=179.01
ND. Vacc{kv) [lacc(A) g(MW/m2) [TO(*C) Tbulk{°C) [t(sec}
11114 " 30.0 3.1 0.77 24.5 24.9 1.0
2lIt5 5.3 2.87 23.0 23.7 1.0
3116 6.2 4.91 23.0 24.3 1.0
41117 7.1 7.55 23.9 25.4 1.0
5(118 11.3 12.80 23.8 27.3 1.0
Gli19 7.9 9.31 23.0 25.0 1.0
7H20 34.0 14.0 18.20 24.0 29.0 1.0
821 36.0 15.5 21.20 24.2 30.2 1.0
gtiz2 38.0 17.¢ 24.50 23.5 31.0 1.0
10123 40.0 18.2 28.10 24.2 32.7 1.0
11124 42.0 20.3 32.10 24.5 34.5 1.0
12125 43.0 20.4 34.30 24.8 35.8 1.0
13[128 44.0 21.4 36.60 24.2 36.2| . 1.0
14[HO1 45.0 21.4 39.10 25.0 37.8| 0.44(1.0)
g2071402[0=47.88 [v=10.17 |P=0.874 |Tsat=178.74
NOL Vacc(kv) llacc(A) q{MwW/m2) |T0{*C) Thbulk(°C) |t(sec)
11HO2 30.0 3.2 0.77 25.0 25.4 1.0
2{H03 5.0 2.35 23.5 24.2 1.0
3|H04 7.1 7.55 24.2 25.9 i.0
4{H05 6.0 4.40 23.5 24.8 1.0
5{H06 11.0 12.80 25.0 28.5 1.0
6|HG7 8.2 9.87 24.8 27.8 1.0
71H08 34.0 14.2 18.20 25.0 30.4 1.0
8|HOS 38.0 16.6 24.50 24.5 32.5 1.0
g|H1i0 41.0 19.2 30.00 23.2 31.2 1.0
1Q|Hi1 42.0 19.9 32.10 23.2 34.2| 0.84(1.0)
92071403[/Q=40.63 V=8.63 P=0.98 Tsat=179.05
NO. Vacc(kv) |lacc{A) a{MW/m2} |TO(°C} Tbulk{®C) |[t{sec)
1|1H12 30.0 3.2 0.77 24.5 24.9 1.0
2|H13 5.0 2.35 24.5 25.2 1.Q
3{H14 6.2 4.1 23.5 24.8 1.0
4|H15 7.0 7.30 23.0 247 1.0
5iH16 8.0 8.50 23.5 25.6 1.0
6jH17 11.2 12.80 23.5 27.0 1.0
7iH18 34.0 14.0 18.20 24.8 32.8 1.0
81H19 38.0 16.7 24.50 24.5 36.0 1.0
9|H20 40.0 18.0 28.10 23.5 35.5 1.0
10{H21 41.0 18.6 30.00 23.0 35.2] 0.49(0.5)
11{H22 39.0 17.5 26.20 24.8 36.6 1.0




JAERI-Tech 85-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

920715
g2071501|0Q=30.0 V=6.37 P=0.989 iTsat=179.4
NO. Vace(kv) |lacc(A) gfiMW/m2} |To(°C) Tbulk(°C) [t{sec)
1|H23 30.0 3.0 0.77 23.6 24.0 1.0
2|H24 5.1 2.51 23.0 23.7 1.0
3|H25 5.9 4.15 25.0 26.7 1.0
4|H26 7.1 7.55 23.5 27.0 1.0
51H27 B.O §.50 25.2 29.0 1.0
6|H28 11.3 12.80 25.4 32.4 1.0
7|H29 34.0 13.8 18.20 24.3 34.8 1.0
8|H30 36.0 15.0 21.20 24.3 36.3 1.0
9|H31 38.0 16.8 24.50 25.0 36.5 1.0
10{H32 39.0 17.3 26.20 25.0 38.0| 0.96(1.0}
92071502(0=20.1 V=427 P=0.984 Tsat=179.18
NO. Vacclkv) llacc(A) g{MW/m2) |TO(°C) Thulk{*C) [t(sec}
1|/H33 30.0 3.0 0.77 25.3 26.3| - 1.0
2|H34 5.0 2.35 25.0 27.0 1.0
3|H35 6.2 4.91 24.2 27.2 1.0
41H36 6.9 6.96 24.2 28.7 1.0
5[H37 B.A 9.69 25.3 31.3 1.0
61H38 11.2 12.80 2.8 33.8 1.0
7IH3S 34.0 13.9 18.20 25.3 36.3 1.0
§|H40 36.0 15.2 21.20 25.0 38.0 1.0
g|H41 37.0 16.0 22.80 24.0 38.0 1.0
10]H42 38.0 16.1 24.50 26.0 41.0] 0.56(1.0)
92071503{Q=47.5 V=10.08 P=1.27 Tsat=180.54
NO. Vace(kv) [lacc(A) g(MW/m2) {T9(°C) Thulk(®*C) {t{sec)
11H43 30.0 3.0 Q.77 24.8 25.8 1.0
21H44 5.2 2.69 26.0 28.0 1.0
3{H45 . 6.1 4.65 25.0 28.0 1.0
41H46 6.9 6.86 25.0 29.5 1.0
51147 7.8 9.10 24.2 30.2 1.0
B6iH48 11.0 12.80 24.5 32.5 1.0
71H49 34.0 13.8 18.20 24.3 35.3 1.0
8[H50 38.0 16.8 24.50 25.3 40.3 1.0
g]H51 40.0 18.4 28.10 25.2 42.2 1.0
10|H52 41.0 19.0 30.00 25.3 43.3 1.0
11[H53 42.0 19.0 32.10 25.6 44.6] 0.61(1.0
92071504/Q=40.75 |V=8.65 P=1.28 Tsat=190.9
NO. Vaccikv) llacc(A) g{MW/m2) IT0(°C) Tbulk{(®C} [t{sec)
1iHS54 30.0 2.9 0.77 25.0 26.0 1.0
2IH55 5.2 2.69 24.2 26.2 1.0
3|H56 5.9 4.15 24.0 27.0 1.0
4{H57 6.9 6.96 24.3 29.8 1.0
5|H58 ' 8.0 9.50 25.0 31.0 1.0
6|H59 11.1% 12.80 24.3 32.3 1.0
7|HB0 34.0 13.9 18.20 25.0 36.0 1.0
8|HE1 38.0 16.9 24.50 25.3] 40.3 1.0
9[HB2 40.0 18.2 28.1C 25.0 42.0 1.0
1 DiHB3 41.0 18.3 30.00 25.4 43.4] 0.96(1.0)




JAERI-Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

Continug (Table 4-2.)

92071601|Q=30.0 V=6.37 P=1.27 Tsat=180.36
ND. Vacc{kv) |lacc(A) g(MW/m2} jT0(°C) Thulk{®C) t{sec)
1|HB4 ) 30.0 3.2 Q.77 23.5 24.5 1.0
21101 5.0 2.35 23.5 25.5 1.0
3{1g2 5.9 4.15 23.5 26.5 1.0
41103 ‘ 7.1 7.55 23.7 28.2 1.6
5104 7.8 9.10 23.7 29.7 1.0
6105 11.0 12.80 23.5 31.5 1.0
711086 34.0 13.8 18.20 25.2 36.2 1.0
8107 36.0 15.0 21.20 25.0 38.0 1.0
9[i08 38.0 16.8 24.50 25.2 40.2 1.0
10]109 39.0 17.3 26.20 24.5 40.5 1.0
11110 40.0 17.7 28.10 25.0 42.0{ 0.52{1.0)
92071602|Q=20G.0 V=42 P=1.28 Tsat=190.82
NO Vacci{kv] {lacc(A) alMW/m2) |To(°C) Thulk(°C) [t{sec]
11011 30.0 3.2 - 0.77 25.3 26.3 1.0
2{l12 5.0 2.35 25.3 27.3 1.0
3{113 5.8 3.92 24.0 27.0 1.0
41114 6.8 6.65 25.3 29.3 1.0
5[115 7.9 9.31 25.5 31.0] - 1.0
6li16 1.4 12.80 253 32.8 1.0
7H17 34.0 13.8 18.20 25.4 35.4 1.0
§jl18 35.0 14.2 19.70 25.2 37.2 1.0
g9[i19 36.0 15.1 21.20 23.5 36.5 1.0
101120 37.0 15.4 22.80 24.8 38.0] 0.6{1.0)
92071603[Q=40.25 |V=8.45 P=0.981 Tsat=179.05
NOL Vace{kv) |lacc{A) g(MW/m2) |T0{°C) Tbulk(°C} {t{sec}
121 30.0 3.0 0.77 25.0 26.0 1.0
21122 N 5.0 2.35 27.2 29.2 1.0
323 6.1 4.65 24.0 27.0 1.0
41124 7.3 8.02 23.9 28.4 1.0
5(125 8.1 9.568 23.5 23.5 1.0
6li26 11.4 12.80 24.5 32.5| 1.0
7[127 34.0 13.7 18.20 23.6 34.6 1.0
828 38.0 16.8 24.50 23.9 38.9 1.0
gllzg 40.0 18.5 28.10 24.0 41.0 1.0
10|30 41.0 19.4 30.00 25.0 43,01 0.98(1.0)
9207160410Q=30.38 1V=6.45 P=1.43 Tsat=196.1
NO. Vacc(kyv) |lage(A) q(MW/m2} {T0(°C) Thulk(°C) {t(sec)
11131 30.0 3.0 0.77 24.0 25.0 1.0
2132 5.0 2.35 23.0 25.0 1.0
3{133 6.1 4.65 23.6 26.6 1.0
4{(34 7.0 7.30 23.4 27.9 1.0
51135 8.1 9.69 24.4 30.4 1.0
6{136 11.3 12.80 24.2 32.2 1.0
7137 34.0 14.0 18.20 23.7 34.7 1.0
8[138 36.0 15.2 21.20 24.3 37.3 1.0
gl139 38.6 16.6 24.50 24.3 3%8.3 1.0
10(140 39.0 17.4 26.20 23.9 39.9 1.0
11841 40.0 17.4 28.10 23.9 40.91 0.45(1.0)
82071605|0=20.25 |V=4.3 P1=15.6 [P2=14.3 {P=14.95 1.47MPa
NO. Vacclkv) |lace(A) . la(MW/m2) |TO(°C) Tbulk(°C} |t(sec]
1142 30.0 3.1 0.77 23.9 24.9 1.0
21143 5.0 2.35 24.2 26.2 1.0
3|[44 8.1 4.65 25.1 281 1.0
44145 7.1 7.30 23.5 28.0 1.0
5{146 8.2 2.69 24.0 30.0 1.0
Bll147 11.4 12.80 24.6 3z2.6 1.0
7148 34.0 14.0 i8.20 23.7 34.7 1.0
B{149 35.0 14.6 21.20 1.0
ai{is0 36.0 15.3 24.50 2489 37.9 1.0}
101151 37.0 15.7 26.20 37.2 a7.2i 0.64(1.00




JAERI-Tech 85-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

920717
92071701|Q=60.0 V=12.74 P=0.78 Tsat=169.37
NO. Vacc(kvl (lacc{A} q{MW/m2) [TO{°C} Thulk(°C) [i{sec) 3
1]l162 30.0 3.2 Q.77 25.0 26.0 1.0
21153 5.1 2.51 23.5 25.5 1.0
3(154 6.1 6.65 23.5 26.5 1.0
4|55 7.0 7.30 24.3 28.8 1.0
511586 8.1 9.69 25.0 31.0 1.0
61157 11.3 12.80 24.2 32.2 1.0
71158 34.0 14.0 18.20 23.7 34.7 1.0
8158 38.0 16.4 24.50 24.8 39.8 1.0
g]l60 40.0 18.2 28.10 24.2 41.2 1.0
10]161 42.0 19.7 32.10 24.0 43.0 1.0
11]i62 43.0 20.6 34.30 23.5 43.5 1.0
12]163 44.0 21.5 36.60 24.8 45.8| 0.6{(1.0)
g20722
92072201|Q=47.25 V=10.03 P=0.79 Tsat=169.89
NC. vacc(kv) {lacc{A) q(MW/m2) |To{°C) Tbulk{°C) it{sec)
1|HOT 30.0 3.0 Q.77 30.6 31.4 1.0
2|HG2 5.2 2.69 30.0 31.6 1.0
3|HO3 6.3 5.18 3a.6 33.0 1.0
4|{H04 7.1 7.85 30.0 33.5 1.0
5|H05 8.1 9.68 31.0 35.3 1.0
6|HOB6 11.4 12.80 31.0 36.5 1.0
71HO7 34.0 17.0 18.20 31.0 38.5 1.0
glHO8 38.0 18.3 24.50 30.0 40.0 1.0
9{HOg 40.0 19.2 28.10 31.0 42.1 1.0
10|H10 41.0 20.0 30.00 31.0 44.5 1.0
111H11 42.0 20.0 32.10 30.1 44.1 1.0
12]{H12 ) 43.0 20.7 34.30 23.7 38.2 1.0
13{H13 44.0 21.2 36.60 30.9 45.41 0.84(1.0)
9207220210=40.5 V=8.59 P=0.785 Tsat=169.63
NO. Vacc(kv] [lacc({A} Q{MW/m2} [TOo{°C} Tbhulk(°C) it(sec}
1|H14 30.0 2.9 0.77 30.1 30.9 1.0
2{H15 4.9 2.19 30.6 31.7 1.0
3|H16 8.0 4.40 30.1 32.6 1.0
4|H17 7.1 7.55 29.9 33.1 1.0
5]H18 8.0 9.50 28.8 33.6 1.0
6|H19 11.2 12.80 30.9 36.4 1.0
7|H20 34.0 13.8 18.20 30.4 38.6 1.0
8iH21 38.0 16.7 24.50 30.9 41.9 1.0
91H22 40.0 18.0 28.10 29.9 43.4 1.0
10{H23 41.0 18.8 30.00 30.1 44.1 1.0
111H24 42.0 19.8 32.10 29.9 44.4| 0.88(1.0)




JAERI-Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

920723
92072301{Q=30 V=6.37 P=0.785 Tsat=169.63
ND. Vace(kv) llacec(A) q(MW/m2} [TO(°C) Thulk(°C) |t{sec)
1jH25 30.0 3.1 0.77 29.8 30.8 1.0
2]1H26 5.0 2.35 28.7 31.0 1.0
3|H27 5.8 3.82 29.9 32.4 1.0
4[H28 7.1 7.55 29.9 33.9 1.0
5|H29 7.8 9.10 29.0 34.2 1.0
6|H30 11.0 12.80 29.9 37.8 1.0
7{H31 34.0 14.0 18.20 29.4 40.4 1.0
8{H32 36.0 15.0 21.2¢ 30.1 43.4 1.0
g|H33 38.0 16.5 24.50 30.3 45.3 1.0
10{H34 39.0 17.5 26.20 29.4 44.9 1.0
11|H35 40.0 17.8 28.10 29.7 45.7 0.6{1.0}
92072302|Q=20.0 V=4.11 P=0.795 Tsat=170.15
NO. Vacc(kv) |lacc{A) a(MW/m2) {T0(°C) Tbulk{°C) [t(sec)

1[H36 30.0 3.1 0.77 30.0 31.0 1.0
2|H37 5.2 2.69 29.0 31.2 1.0
3iH38 5.3 5.18 29.4 31.9 1.0
41H39 6.8 6.65 30.3 35.0 1.0
5iH40 8.0 9.50 28.4 36.9 1.0
6iH41 11.4 12.80 30.4 41.8 1.0
7iH42 34.0 13.7 18.20 28.4 46.4 1.0
B{H43 36.0 15.2 21.20 30.1 49.1 1.0
91H44 37.0 15.8 22.80 29.7 49.7 i.0
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ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)
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ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

B'ESE 6 2tE §'8lE iioe 6'8.l¢ 96¢e eyl vele S601 L'9v Gdl
7001 £'L6 8'96 1’26 1’48 L'28 G'lg 9'59 [ L'6¢ gi-vdl
S'L01 £00! ¥'i6 BEE 6'88 1°58 9'ls 1’99 9'cy G'ge bi-pd L
9’801 2901 6901 9101 96 S'16 S'bS viL LA b'6¢ Ol-vdl
gecl 8et Leh L'vel 611 g'cii ¥'es 9'G8 FAS B0t 6-vdl
1’041 L'591 8291 5’851 25! a4 9'5. O+l 1’08 £'EE B-vdl
vive Z2'ZEC 9’822 l'0¢e Fhie 6’861 5001 B'6vi 694 it L-vdlL
l'gbe 8'08¢ 9'cig 9'65¢ L ¥ Ove v'&2l 6284 L'L6 y'er 9-¥dlL
Siy L'68E B'iiE 6'vvE v ETE £'e0t G'LG1 L'BEC 6611 L'8y S-¥dlL
L'06E B'¥SE L'EEE g'0lE ¢h¢ £'9.2 6951 £'82¢ E6L L8y Fdl
0 Y 0 0 0 0 0 0 0 0 ¥-#dl
0 0 0 0 0 0 0 0 0 0 E-vdl
§°00¢€ 6'}ie ¥9e v'6ve g'8te 9'see 8'vel yary ¥6 g1y e-vdl
£'86) 6581 S'egl yLLE 6041 £'291 ¥8 L6t ¢'el 'S¢ b-vdl
L'LGS 698 6 0S¢ 9¢t ¢'90E 6'€8e 9'691 }'BEE L'ET Loy edl
6’19 Trye g'eee g LiE 2'86¢ 8’642 Lévd g'82¢ Felt 'Sy gdl
c'rig §'50€ £'96¢ £'182 8142 2'65¢ 6121 §'E6l 8101 6'v¥ idl
FOH £9H ¢8H LOH 08H 65K BSH L5H 9SH SSH Yo

L0010
£6y L'5ee E0E £/8¢2 e'ele £4795¢ g'see §'g8! Sivt L'EB E'EY Sdi
4L L8 SL €2l G'88 9'v9 1'8§ E'ES 9’8y 9'9¢ £'62 gl-vdl
L'SL £¢s €9 v'EL L'69 8’59 1’85 CES S'Sy 9'8¢ £'eée Fb-bdl
L8 2’88 E'E8 £'6L 5§64 YA 8¢9 bLS S8y £'lE §'6¢ OL-vdi
S'G0L L0L} L'v0} 8001 £'86 ¢ 06 6'8L 9°68 LLS c'ey 1’08 B-vdi
2'Gvt ¥ vt virl 29¢el 6’821 02l 2'ell L'68 60 2'ls LA B-fdl
}'SE¢e £'612 802 ¢'20e 5’88l BPLl ¥l ¢ let L6 <59 ¥'SE L-¥dl
2'gse L'vie 1'85¢ 162 L'8E¢ L'E2L L'e6} G591 9'gel 1’08 8'6¢ 9-¥dl
585 9'E8t 9'ese 6°GEE L'EVE ¥6¢ vL92 v'8le 094 8001 9'vY S-¥dl
9’619 Ly E'ELE 586¢ F'vBe 6'89¢ g9'2¥e §5tle £91 1’66 ¥'EY ydl
] 0 0 Q 0 0 0 Y 0 0 0 y-pdi
0 0 0 ¢ 0 0 0 0 0 0 0 E-vdl
5718¢ b 65¢ Zhre 9'lE¢ e 1°60¢ g'vel 2191 pigl 564 98¢ cvdl
¥'902 cell L'yol L0081 §'161 E¥ ! lel vELE 1188 09 B'vE b-vdL
889 Z'E9¢ L'6ee ceie B l6e t'gLe P % 9'EEC Vvl 1°901 a4 Edl
¥'{6E LyvE S'8iE 9'60¢ 9'/l8¢ 9'eLe y'8¢2 §'012 £est L'96 L'¥y edl
B0OE 9'G0t t'gge 6L2 6'v9¢ 17162 yeie 8491 8cl ¥'88 LAd bdl
¥SH ESH g5H 16H O5H 6vH 8¥H L¥H 9vH SvH y¥H Y3

‘606040



JAERI-Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

¥ LEE ¢'e2t g'g6e g9'6l¢e ¥ 092 £'9v¢ B8t £'Sel 8L yEY §d.l
16°08 908 Uid P2l 849 €69 6°05 ger g'EE ¢'Bc gh-ydl
L'e8 908 ¥'6L 62l ¥'89 §'99 818 4 6'EE ¢’ B2 bL-vdd
L'68 Lig 3'¥8 564 B've 614 ¢SS R4 £'te '8c Ol-vdL
vl 680} £i01 B'00i LA 806 649 s 8'8E [ 6-vdl
225} g8yl S'Evt v'9EL B'l21 L'iel £'98 629 LEY 6'le B-¥dl
8'8¢¢ §'0ee 4012 E'661 198l 'vil £let 1’98 8y 6¥E Lvdl
¥ 082 8'lie £'85¢ £'9ve [ c'glé L5581 801 €48 8’8t 9-vdl
£ oy 8'68¢ LySe 8 0tt §'60¢€ 1'682 ¥°602 £ort g'es L'yvy G-vdl
9'08€E £PvE 6ELE S5'E6e £'ele S'85¢ L2028 ¥'8E|l L) L'y ydl
0 0 0 0 0 0 0 0 0 0 Povdl
0 0 0 0 0 0 0 0 0 0 £-vdi
5°69¢ £'85¢2 ¥'Sve £'cee Llle €602 ¢'est 9’601 ¥°59 ¢ 6t g-vdi
b'GLL 6691 P ol 8454 S8yl Eirl 5°901 B'2L LS 6vE b-vdd
L 06Y 8'48¢€ L'yEE 1 6'G82 5’992 6'21¢C P art LA (A £dL
6°45€ S'EPE E6le 9'g6e L'8L¢ P'E9¢ ¥'861 geet g'el y'EY cdl
£ 0LE L'662 1’e8¢2 L2 P vse S ive 1’851 PELE L'2L v bdl
LBH 98H S8H yBH EBH 28H L8H 08H 6.H giH yo
o .
< E00LL0
o
o)
©
=
[CERSS L'EFE 8ZE 2rLE £'06¢ 6'1ic 9'96¢ S y02 b'vve gLct L'¥9l 0B £'8e Sdl
gtel ¢ Ll 6Bl 74 69 LAY £09 £08 886 B'0% 9¥ §'EE vl gl-vdl
=2l 844 B'EL L'EL 8'89 $'89 £09 9'0% 685 £ 0¥ 'Sy 6¢e 8'9¢ Li-vdl
dvos 9'08 08 L'BL 6'SL yel LS ¥s 69 L'er 4 S'EE pLE Ob-¥dlL
6'50% ¥ 401 S'E0L ¢'ell £16 L'EB 2'v8 g'49 [ 6'6¥ 665 '8t 2'6¢ 6-vdl
8 6%l 6yl EEvi 8' 0¥} Vel Y921 6911 668 18714 r9 L9L B'EY 6'62 g-bdl
9'6E2 8'6c¢ L'63¢ L'¥iZ L'v0e 6'881 6'¥LL rlel ¢ ¥ol 98 oLl $'6§ £'ge L-vdL
5'96¢ A g'5.¢ ¥ 898 9'Ese 962 ¢'vee S LLL Lhie 5801 c'Evl 699 §'8¢ 9-vdl
S iyy 65y £L'868 8°8.E ive 8'2¢¢t 8682 L'8ee £¢8e yevi et 6'c8 L'BE G-vdl
8'/6C L'/9E 8'BYE 9'¢gte £L°G0E 1’982 2'89¢ £'teT 69498 ovl yiBl c'lg 6E ydl
0 0 0 0 0 Y 0 0 0 0 0 0 0 ¥P-pdl
0 0 0 ¢ 0 0 0 0 0 0 0 0 0 £vdl
9'06¢ v'élé 9'09¢ ¢'EGE 6EC p'eee §'012 2'¥91 £'861 e L0l e orl 8’69 9'vE 2-pdl
B'8LI 9'ELl L£'991 L'¥81 8'LG1 1 ¥'6eEl 6111 bl (XA 6'96 505 L'LE L-pdl
¢'58% 66€ V'ELE ¢'EGE g'See B'66¢ 9'64¢8 L'Eee 6'¥9¢ yest 9'80¢ G'98 6'8¢€ Edl
¢’ ¥8E L'/9E ¢'cSe G'8ee £'ele L'268 £'vic 6°6¢¢ 9'08¢ 2’81 L1181 6L 6'BE edi
8'92¢ ¥ 61E 89°90¢ L1168 §i8¢d ¥'89¢ L4628 L'E6} c'6e2 6'ELL ) SEL i idl
LiH 94H GlIH YiH ELH ¢iH beH 044 68H 89H L9HH 99H S9H yo

200120




JAERI-Tech $5-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

8'ESy [L6ly {EE0y {2'06€ |Z°6/E |8'8BE |B8'9SE |E'¥EE  |¥'60E (v EBE {¥'6le (£G¢l |B'GE 8'99 L'se Sdl

L'88 I'E9 9°09 £'09 65 9's§ 6'ES ¢ 0§ ¥ 8% 9'9¢ 44 S'eE 50t ¢'6¢ v'Ge ¢i-pdl

L'8S L'E9 €19 g8'09 L6868 ¢'9§ c'es PLS 4 A 9'ct S'ee 6'6c $'8¢ ¥'Se bl-#dl

2’59 vid 89 LATA:] 9'69 L19 §5'e9 898 B'ES 8'0S £'0% SE bie £6c ¥'5¢ 01-pdl

6'¥6 £'66 8'66 1'¥6 116 ] 7' ¥8 Lid €L £'89 845 4 99t 9'Le £'ge 6-¥dl

PLSE (E'€S5L  [9°8¥1L  1Z'P¥L [6'BEL  [EEL ¥'8gl |9°Z1L |8'BOL [L'86 c' 18 L4 9'cy Z2LE ¢ le 8-¥dl

4292 |6/92 [£'982 [g'6ve [L0ve |S'4e2 |L'gle 16°9BL |2'8LL |18} L1'g2l 1864 615 £ 9% '6¢ Lvdl

G'6S€ |28t [9'8EE  [/'BEE |€'BLE {9°/0E |p'SE2 19'692 [i¥ve |5'8lE [l g'e0t |¢'ed 9¢ 4 9-vdl

¥S5§ ¥'2e5 15005 [B'I8Y [|89¢ 615t |9'¢t¥ {P'96E [6°09E |B'IEE [L'9¥E |9°Gv} |E°G6 tL 8'5¢€ G-¥dl

LyBY LGt g'ley 8BSl |L'v0v |E¥EE  (POBE  [6'EGE  (e£°/2E [B'S62 |§'8€¢ |9BEL (216 B9 [4:1> rdd

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 p-vdl

0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 g-vdl

¢ve L'2Et |6°/1€ (9'80E 600t [8'6Be 9242 |v'vSe ([BAE2 (6'602 iS¥SL (P LOL [869 b'vS 8’0t evdl

?'S81  19'88F |Ei8l |9/} LAV (B89 |4eSE (2iirl [PSEL P'SEL (piDL (989 6'6% a4 5'8¢ b-¥dl

£'365 |98y |E'g9¥ [8'SvP  [¥'82y [E'Ely [6'B6E |ELLE [L'SYE [¥'9lE jevye |9'eS) €86 e'el 2’5t Edl

6'v8F 1695 [v'GEvy [v'EE¥ [E2iF [L'BEE  [2'PBE |6'BSC |9'CEE [L'POE [v'CEZ  |6'GCL  [9°06 5§49 }'GE Zdi

P LBE  |PBE 9'6.E (v'ELE |B'ZYE ({B'EST |IL¥E £'8lE [l'gge 18'952 (8102 |9'LLL |¥'6L E'e9 Gve bdl

E11 cilf- LI Okl 601 80l 201 801 501 y0I £0l [44 FOI 56H 86H Yo
20ELL0

£'€¢E L'iye g§'80¢ 8'08¢ 1'G9¢ L'6¥c 5961 €86} £'801 6Ly Gdl

(A 586 526 c'lg 6'vE E'64 8'vS S'E9 £y 1’62 gl-vdl

P86 9°66 L 7’88 5'o8 118 c'¥s L'y9 154 I'62 Li-pdd

P'501 9.0} B'00L G856 £'y6 8'88 £°9% 6'89 6'vy L'62 0t-vdl

¥ LC) g9'lel L'221 gl ¢t 6'80% 1’89 c'EB LS S'ie 6-vdl

8181 66581 6561 £°061 Pov! c'6E! L'v8 F'504 808 6'EE 8-vdl

5922 yeve £'6le 2'60¢ 6202 S'061 9'cht £ iyl B'9L 9.t L-vdlL

9'Lie §20¢ £'eee 1'8¥¢ §'6tc 5922 L'yl §'6L1 2'56 ey 9-vdl

I8E 9'908 £°0SE 192¢ g0t §'98¢ L6} 1'0ce Ll ¥ 0s S-vdl

£'8FE L'E98 6'vee £6¢ L'LL2 8092 S'BLL 9'lie Ay 0§ . vdl

0 ¢ 0 Y Y 0 0 0 0 0 P-vdl

0 0 0 0 0 0 0 0 0 0 £-vdl

9'692 B'69¢t 16¢ 6'6E¢ £'43¢ Evie 6'6E1 §191 ¥6 [ ¢-vdl

6841 8'0ie £ell ¥'991 §'29l S'ESL vEot 8’81l 14 iE L-vd.L

9'0L8 9'Z8s E'vyE £'50¢e 1062 1’892 L4l ¢'0ce £l 8'6¥ edl

9°LEE L'¥5¢E §'1eg B'06¢ £182 G99¢ 9°891 £0ie g0t 9 edl

568 L'SOE 6'v82 v'69¢ 1°09¢ §'6ve £'6E1 'S8} 286 L'9¥ Idl

LBH 96H S6H yBH E6H ¢6H 16H 06H 68H 88H Y2

1OELLO



JAERI-Tech 85-022

ITER TASK/JB-DPI-3/JAPAN

Z76E 6 60 6 66¢ 1 20t 16} G662 2901 St 9oL 36¢ GdL

860 269 669 ¥ 85 av €28 F'GE iy 362 vie Zipdl

£ 02 Wi 599 0% TS g ge 90 962 v ic R

862 P §EL 1G9 205 6.5 €9 eV 8 0¢C v iz Or-vdl

g0 8¥01 576 668 £19 g2l ver S §¥E IX:F 6vdL

S 7151 9 0%+ 8021 S8 2004 5% §89 £6E 66 B-vdl

S8ve 6¥¥e Stee 5781 Zier Tv5+ 507 1 86 L6v £2¢ ZvdL

Ve BEIE £06e 152 L' BGY 5502 168 S8zt v°65 8¢ 9vdl

9" 18t 6'9td 6'86E S'a%e L9l £°68¢ y'eLE YA 8'9/ 9°6¢€ G-vdL

0S¥y L'G6% 6'6G¢E €91t 8'802 £'ele gvil 1891 L'gl 9'6E vdl

0 0 0 0 4] 0 0 v} o} 0 pbdl

0 0 0 0 Y 0 0 0 0 0 e-vdl

S LIE £°L62 £'vic '9EC £'991 ¥'002 .98 §'621 1'8% $'GE a-rdl

yegl zg L'89% Livl £'204 P iel g9 ¥'v8 8'vy 1'LE b-vdL

£'698 L'¥ey G 1.E A §'¢ee £'¢8e e'vet g8l 6°LL 9°6€ edl

V60V T G6E v 29¢ i"1ze gvie 56l2 B2l T 5§21 9°6€ Zdl

£GE 9'0%E g9zt 262 268} 182 696 EvEr FT) v 8 TdL

L iH oiH 60H 80H Z0H SOH SOH YOH £0H SOH o

o 209140

<t
Q
re
&

ity VELY | |6°G6E |8 6LE  |9°8BSE |2 OEE 1’81 |2cbe  |¢eth [rece |vel 516 589 I 9E GdL

o 589 899 %9 £ 68 Z 9% 2ES 708 69E T vy e £0E giz 2782 ZTvdl

Elles 69 879 b9 09 595 vG €15 286 £6b gve 5t 6172 Z0e T i-vdl

=) Y vl CRYi 570 1't9 765 955 0¥ v ov ERTS g 1E 682 162 OF-pdL

K5Es T 100 (£ 46 116 B 862 €L Z6v £€9 STy L€ §IE F 6-vdl

BvSt |6 981 |9181  l6Svr . IEZE1  [PSZT  |9ett |z e0r  |cvo 788 99§ v or 66¢ Z8e R

§92 952 8952 b vve [ZZege |€l0z |z 68t i 0ZF  [L66 £6Er |08 PN 5% 90t IvdL

§8ve "6¥C |G ¥EE |V BIE  [G20€ 108/2 |695¢ |+ 162 v Gzr  |i8} v F70r  |8'9L 5G5S €t 5-vdL

SovS  |L605 S vev [85%[8°62%  |LBE 27098 |+ EBE L PLb  |LG92  |EP) T CY? gt §vdl

9'GeY S'ery 9'¢ey 920 2'8.8 1'66¢ L'2gE LL0E 7 1288 c'Bve B'GEL 9'/6 69 g'GeE v.n:.

0 0 0 Q 0 0 0 0 0 0 0 0 0 0 p-vdl

0 0 0 0 0 0 0 0 0 ) 0 0 0 0 §-vdl

z8ec |v let '9t€ [y 00t |Z¥8c  |£92 6eve |08z |Zcer |608F v L0+ |V PL RE 8 1€ 2-vdLl

.81 6’684 981 [N A £ 491 G651 S'Syi EECt 2 0f g bt 1°89 L'2s bt £'6e l-tdt

809 [ANS ) {2 esd 8'6et 9'G6¢ 8°0.LE | AFA 4 \'g2ge 8’081 6°99¢ 6161 G901 v L4 g€ edL

JAFAY 4 Y EvYy Lley 280V 6'98¢ g'09¢ v LEE g8'lig 6481 6°852 6'6t1 6°96 S99 G'GE edL

g8t c'vee A A £'18¢ ve 6'tce L'E08 gle L'9E GiL2 S LEL G'v8 L9 §'9¢ bdL

L 0OH gci S2l el £21 2el 12l 02l 6l 81l Y gt Ry ¥il Yo

Lor1L0



JAERI- Tech 85-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

629E g VvE Z6ic "90¢ 772 S2e BLV E12} 768 FAITY Gl
€8s 258 18 Z9. 601 119 605 IEY 1'GE Tle Zr-vdl
268 £8g €¢e8 18 el 900 725 Zer 5vE §le FivdL
276 896 v 68 858 S8 269 295 Svp £ ot T2 0b-vdl
Sves Bt vt 5601 §76 808 8.9 v28 0¥ 58¢ Bvdl
€691 908t BESH vt g 061 2901 £/8 Bt 78y 806 gval
7'%5¢e '8t lce 2gre Y i81 687! et Z'58 Z 19 €EE Ivdl
V'BIE 2562 v6ie §0.¢ 6 6Ec £E6t gEGH 990t 52 9/¢ R
v vy VoY 82it €5¢ ¥'60¢ 1 €52 ¥'102 I'SEr 926 F'EY S-vdl
V8 9%9¢ 90¥¢ §61C €682 tore 1761 P PES 26 S Pdl
0 0 0 0 0 0 0 0 0 0 v-vdl
0 0 0 0 0 ) i) 0 0 0 E%dl
691¢ £ 182 9'89¢ 152 Z5ee ¥58} 6V GG0t VYL GRS Z2vdl
6161 geal ZELI E0L} 825+ Z2h Syot 511 5 92¢ I ¥di
PAELE £88¢ 5098 6628 16¢ 9192 Gige Y 206 2y EdL
8.t £zot 6 2FE 7'G2E 8162 9°05¢ 8ebi g6t 268 90y 2dL
SEEE £zt 1790t 1°96¢ 60L¢ SZ6} vIG1 TErt 88 56¢ fdl
ZEH 1EH 0EH 62H geH IeH 92H S2H veH teH 0K

LOS120
B2GE 2 20v 770.¢ v GEE E¥0E 1[92 €961 2851 Z8Il 682 P GdL
1°g7 a9 €L YA 5%9 2795 £er £v g€ 626 §9¢ T vdl
201 859 ) 62L 199 ¥°95 v av v ey TE 62¢ vie i vdl
vE8 Y'Y 518 708 V2L ¥'29 526 &6 §6¢ Ve Sle 0F-vdl
£801 666 S 703 50§ v'E6 962 T 655 99¥ 68 982 6vdl
£E5t R $1G] 7t ZOEL 2760} 568 ZL 928 T L3 8vdL
['8Ee v i8¢ Bte 2 lce 2661 Z¥91 €52, 8201 62 765 G'ee Z-vdl
$20E §ZiE I%0E i8¢ 78%5¢ FAAY £ 9ze) 666 979 £ ie 8-vdL
XY B6¥ eV I"E6E 6 Z¥E F76e Siee CZZL 682h 9°ce v §¥dl
§viE e 967 96 £ 156 g7iE L ree gvie 820 5921 g18 g0 Pdl
0 0 0 0 0 0 i 0 0 0 0 ¥-¥di
0 0 0 0 0 0 0 0 0 0 i) EvdL
782 76it 5862 1 €12 Lyye 802 19t 8'0c1 86 §59 79¢ Z-vdl
Zigt 1081 6641 i1 T Iver 1801 260 102 v 6Y vee [-vdl
6007 5965 §'Go¥ F6ZE Z 08¢ 7162 yove 6261 g LET 778 607 £dl
I 5ZE 8 eor SEBE §65E g tet ¥82 58i2 P! €62t 908 51t 2dL
Svee £ Ebe £76E §0zE £562 R St S'BET Z 80} €6 6 0¥ Tdl
ZeH ZH O2H BIH §iH ZiH §1H SIH ¥TH EIH 2iH ']

.wo¢who



JAERI-Tech 85-022

ITER TASK/JB-DPI-3/JAPAN

Continue {Table 4-2.)

9ty ' v8E 685t g'ese L'60€E §19¢ S'6L1 E'6El L'801 €8s 2’8t adl

§'0L c'eL £'lL £'48 ¥'6§ 6'LS A L'0v 9'St CEE [ eh-rdl

A L'ed Bl 8.8 565 6’18 L'ey 9'6€ £'6E 8'EE 2'Le Li-vdL

y'6L 808 9'64 L9 g9 B'9§ A Ley g9'9e L2t 6'/2 Ol-vdl

L9014 9201 L'S01 866 ¢ 58 62l 2'8§ 908 L'EY 9'LE 642 6-vdl

6851 E'$S1 19 BEPL giel 8004 LAY 9't8 €S SEv 1’62 8-¥d.l

l'gsc 6'8fc ¢ E¥e £'6eec 4’881 £S5} 9t E'16 91 ¥'Ees S'1E Lydl

v'ECE §'6lE B LLE y'66¢ ¢'¢se 2'v0¢e 9'8y 1l Bl §'68 69 §'ve 9-vdi

g'egy 6 PS5t ¥ LIEY SPiy 8’ 1LSE 9'vge G102 LSl PrALL L'6L ' 9¢€ S-bdl

C'Evy 9'90y 89'68¢€ S'LLE £'§cE 6892 1'¥61L y'est g'ELL 6L LE pdl

0 0 o 0 0 0 0 0 0 0 0 F-rdl

0 0 o 0 0 0 0 0 0 0 0 £-vdl

L'8iE 8'¥0¢g ¥ 962 9'¥8e [ 6661 LGl 29l 1'/8 [ ) £ee e-vdl

8’581 £81 508} g'eL} 6691 EEHE £'86 8'8s l'29 S'BP £0¢ b-pdlL

2’646 £ 9g¥ B'8LY §'98¢ 9'0ve 4’882 £lie 1’89} £'Eel 808 ¥'st £di

b2y 1°Goy 9°I16E P5LE T4 €Ll2 P’ 861 g'16} el v iL 9'L€ odl

§'95e 296t L 6YE S'8EE 66¢ LVYET 485} S¥ei 9'96 604 gt bdl

EGH cGH FGH 0SH 6vH 8vH L¥vH g S¥H Ladyi EvH yo
'€0S1L0

c'Eey €05t 1"IEE 9ElE y08e ALY £ 102 L2591 9'001 8'8y Sdl

£'68 68 9’66 2’86 g8 £'91 §'59 L'8% XA z'0E ei-vdl

968 B'66 901 vi6 68 ¥ 559 §¥S 6Ly 20t bl-pdl

L6 9’804 601 2501 9'¢ge g'te 1'69 bLS € EY 8'0¢e 0L-vdl

£iel 2 itt 9'iel g9'6el PEHL B2} 6'¢c8 649 0g 9'¢e 6-vdl

L1181 LL9) V' L8) 2’591 §2sl 2 0gl 8501 B'es ¥'85 g'ee 8-vdl

L'6ee ' GEZ L'eed gce 60¢ YLl Levi 6°601 8'cl L'ge LvdlL

L'ELE £'EBC 640 £'942 y'ése 6°0¢e 4081 L4881 £'88 Ly 9-vdl

9'G1§ S'06€ PRIA> §'66¢ B'2iE l'sie 0E2 SLLL AL 96y G-vdl

8'.85 c'E98 b'L¥E L4 2'6ge g8'ege 6'gee §'ii4 g'gol S6¥ rdl

0 0 0 0 0 0 0 e 0 0 ¥-vdl

Q 0 0 0 0 0 0 o 0 0 E-vdl

SISE 1’642 g'lLe 6'28¢ L'6E2 ¥ L08 e'Sil 4981 Lig L1y g-vdl

' 00e €88} CRAL S'E8l 9041 8rl c'idl 9'L01 5.9 8’9t l-bdL

4208 L'48E ¥ 0LE 9’6yt ¥ i62 e'Eie S'tve ¢ 981 §HLL 9’6y £dl

S'¥9¢€ 1'6%E 4> 5'gee véec ¢ ¥oe PE2e 6991 S'elt 9y Zdl

6'vie ¢80t S'¥0E v’ 66¢ ¥vic 6'0ve ¥'9LL 1 £é 8¢y bdl

¢¥H [3:ds O¥H 6EH BEH LEH 9£H SEH YEH EEH ys

206140



JAERI-Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

8 066 §6iE gest SEEL it 6E8¢ Y z2lt AEIT EE v GdLl

1’8z 98 158 818 67 £89 ¥ 98 715 N 9'st r'le 2h-vdl

VB L'Z8 798 T Ve §6L 80 W5 18 Iy 3 'z L-vdl

£68 556 56 216 6.8 el 29 LvS £v Z'9C Z 1 01 -Fdi

ZoL! g'gel Lies 8911 oLl V16 1S EE £05 50V 62 6-vdl

g9l 6991 6€01 2651 087 L0Er 186 £ch Fig S8v v IE 8-vdL

zese 9'8ve Zeve 1582 6122 T L'BEL EI! £1g £65 ZtE Ivdl

€91t 570 $00¢ 8e6¢ Z6lE 8eve T 08} L BvL 2e0t £7 9E 9vdL

YL V' 0Ep G 8'99¢C 7198 7918 9ice geel g'0E} £68 50¥ §-vdl

529y 16707 £ZE S6YE §'gee 2162 5 1€ v 684 6521 1’88 Civ vdl

0 0 9 5 6 0 0 0 0 0 0 vvdl

0 0 0 0 0 0 0 0 0 0 0 £-vdl

£EIE 1’20t 3'88¢ 612 L' v9e v 622 G ST v 001 204 6 9E zvdl

€61 $681 G081 ZE8l Zol1 525t 021 v2ol €2 XE 516 vdl

6765 1'95% gZ6t 608 gove 620€ 6852 S 60¢ 677E" £ v O £dl

£ ¥6E B L0t L'¥GE £4EC 00t 2ce 1Gey Zrel 58 T 2dl

8 ¥ve 2 LEC 62€ 9'tec 9'Z0¢ 9°9/%2 CELT 6251 g801 162 iy 14l

Gl 601 801 701 801 501 v 0) €07 Z0] Lol YoM 4o
109120

£ zov LTI ¢ EvE BElt Lvie 961 3T 9601 e S6C Gdl

Vil I TEL £99 75 66% v'ey 79 9'ee 8e Z1-vdl

587 9ZL 2 EL £ 09 7S 7’97 g2y 2 o¢ 126 6le F-val

V5T I'v8 v'18 6el 929 625 §5Y 586 EEt vie 01-vdl

€L h 20} 6901 gv6 664 269 I'vS vy 9'2¢ 82 6-vddl

2651 6551 5051 Iet 5601 668 8769 R vy "0t 8-vdl

1 0%¢ v Sve §yee ¢'202 591 v el 976 vel LSS 11e Z¥dL

SSIE P oLE g 10t GREL 66l¢ v 191 A 806 629 V'SE G-FdL

AT e IEy 6507 §ISE 200¢ g6le 7931 8BLL 5ve Vi §Fdl

g8y I'E68 EER 1828 982 T it CHET! Iy £t Z 0¥ vdl

0 0 0 0 0 0 0 0 b 0 vvdl

0 0 0 0 0 0 0 0 0 0 E-pdl

gZIe 8962 v'98¢ I52 §2ie 5851 Vel 1’68 1’99 IvE 2-¥dl

861 D (A 8851 v IEL 990t L] 2¥9 ¥'08 9 e 19dL

6045 L'gey 9188 9 19¢E 9’662 25t 081 Tvel £98 g0y £l

Y0v 8 06¢ 6176 6 2EE £ 16¢ vvie CHED [ z'es ¥t ZdL

WS 2 IVE BEE £E0E 6'0%e T gt 66 1’62 g.8 bdi

£9H Z9H I9H 09H 65H 85A Z5H 95H §SH vSH IS

‘¥05140



JAERI-Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

6'80v

L'18E A L'6iE £082 g'v6l L'G91 2’80} L'el 8'lE Gdi
a8l 484 L 6+v9 6°LS L'Ly 8'Gy 4'9€ L'SE £'Le el-¥dl
7 8'LL L'ye 499 B'6S gLy S'vy g'se 6°E€ v'ie Li-pdl
g9'L8 ¥'S8 cl8 92 L'vS ¥'LG Ly LA gve ¥LE OL-vdl
'yl 9Ll §'801 y'E6 618 g've 6°LS L'y '8t 1'ge 6-fdl
28l 8461 625t g'ee!l ehl 68 £'6. L'ES 62cy £'62 8-vdl
P'E6¢ y'6¥%¢ §'6E¢C £'t0¢e L'g91 9'€el £ 404 Y4 zs 8¢t L-vdl
B'61E L'PlE }'80¢E 4992 y'ece 9’8514 £'8e! 1’68 2’19 g5 8-vdL
iy ¥ oFt S ity 6'29¢ 8'20¢€ 9'ele L'vgt 6'Shi v¥L £8E G-vdl
£'62¥ SyOr L¥LlE yYEE 2’682 I'602 8Ll 4] ¢EL A ¥dl
0 0 0 0 0 0 0 0 0 0 ¥-vdl
0 0 0 0 0 0 0 0 0 0 E-vdl
L'§1E 9°L0¢€ L'26T 8’552 8gle 551 €56l AL L'09 L'vE g-vdl
668} 8'¥81 L'esgt S'091 L'8E} [ ¥'26 $'E8 £y §'oe b-vdl
6'eSS 56y S 06t §'6ve 1°60E g'LE2 ¥ i61 9'th 564 E'8E Edl
8Ly 868 8°6.LE 8'6EE B6E L2412 9'8Ll 9L} L'eL clE Zdl
Wi 6°'0SE 8'vvE B'B0E B'¥G2 eLi E'Sl g9°96 2’69 eLE bdl

0€] 621 8¢l L2l gel Sel yel £¢1 ¢cl 121 yo

‘09140

c'99¢ S'Sy¥e £'8ee ¥ 12gE L'88¢ crre §'88l vl L'68 vy Sd.l
669 166 9'86 186 1’68 E'94 €9 Vv B'6E L'0g Zl-vdl
L6 866 L'66 66 (43 '8 9'€s iy £'6E b'0E bi-vdl
4’86 1’8014 1’801 601 L'86 geg c'l9 £y S'0F z'0t 01-¥dl
§'¢Ci L 0E1L 9'0el ?vEL yech 001 C'LE £'98 biy ¢E B-vdl
igl §'981 ¥'991 el 2’951 1921 £00! 9'29 c'ES ¢'tE 8-vdl
g'cee 6'vee 9'vEe bve §'Ele 5L B'vE} 6.8 ] ¥'LE L-pdl
2162 9'v8e 6682 L'iB¢ 8662 L'9le 691 801 6'LL gy 9-vdl
6'90¢v ¥'88¢ £'6.C 9'gee 8'let 6'2.L2 L'vig 9’8l L°G6 6'Sy S-vdl
6°56E £99¢ 8°9vE LA 8'66¢ §'29e 6'2te g'gtt 2’56 e'Sy ¥dl
0 0 0 0 0 0 0 0 0 0 t-pdli
0 0 0 0 0 0 0 0 0 0 E-kdl
£'¥0E 9'ige 9'ss¢ g6le B'S¥e ¥02 Lv8l 6901 1’92 S'0v a-vdl
6064 5481 6581 jd:1) Sii B'S¥L S'0el 2'ig $'09 I'9E b-vdl
a'/8S y'eg8t biiE 9'/8¢ 9'.0¢ 6'64¢ 6'vEec A g 1'98 L'y edl
b'09E £°gst £'L¢E BEEC 9'E0E B'E£9¢ g'50¢ 8’821 06 ety Zdl
L'eee’ L'FiE L'vIE g9's0t g'ége g'gee Wi 8 2it L'es vy tdl

0zl 611 gLt L1 9l St il EtLl 1! FLL yo

209420



JAERI-Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

49¢ 2 8vE 9'rEt L'vet 8's56¢ 8'eG¢e A Sivl E'EY Sdl
E'l6 4004 £'86 9'86 1'68 2'9L 2'89 2'es |'8e Zh-vdl
£6 ¥eol L'0ct v 004 806 L'9L 2’89 60§ 1’82 Fi-vdl
1001 9’60} v'801 S0l S'RG 68 9'0L S¢S v'6C 0l-vdl
52t g'2el g'0el £'5E1 2ech 1ol L'E8 £9 g0t 6-vdi
€991 269l 891 9'sLi JATE L'0El G0} v'LL g'le g-pdl
L 'Ove G'lEC c¥ye §'vve ¥’ 912 §LLL [A3d) S'001 ¥'SE L-¥dL
1'66¢ 962 §'56¢ 414 §Ege [ gLl g'¥el 6 0% g-vdl
g'eey 6 88E 2'i18¢e 2 0LE 8'yee g'cee I'gee g'val r'er G-¥dl
294y 6v8t g'ist 6°LLE FRAY 9'LLe 5612 9'vyl v'ey rdl
0 0 0 0 Y 0 0 0 0 0 -vdl
0 0 0 0 0 ¢ 0 0 0 0 E-pdl
eele L'¥8e g'eae £08¢ Vv ove g9'1ie 904 61ct 6E 2-vdl
L'9B61 506! 8161 £'961 T4 £'051 el 1'LB eve b-fdl
58S L 10¥ S'Bly £'08€ SEiE L'v82 £9ve 8'v9l g'cy Edl
L'89¢€ 1'19¢€ L'ySE Y yve y'60€ L'6.2 Si2 Pivi L2y edl
I'1EE 6'92E g'¢ce VEALE 9'882 (314 S84l gt L'ey bdl
161 05| 1d 81 Ll hd] 'hd] j4d! E¥! (44 ya

'G091.0
g00¥% 6'06E 6'cot L HPE el §'06¢ BlZ £E0l 4024 894 ¥ OY Gdl
eld e'i8 £'58 628 87 2’89 65 6'8Y 2y £'Ee 8'8¢ ct-vdl
68 8'/8 L8 ¥8 664 6'0L 1'6S 6'8% gLy L'ee 9'le bi-¥dl
8.8 96 £'66 9’16 £'98 8l 6'E9 9'es LEY S'vE ¢ 8¢ 0L-vdl
6ELT g'eet [ 561 0 L6 2’8 L'F9 £'08 LE 8'8¢ 6-vdl
L'2gl 9491 L'E9} VE9L £'6t! £'0E!L tiol g08 g'09 vy £'le 8-¥d1l
6252 B8'¢Se 9'Eve e L'1ee 8’681 Al zetl 9'L8 ¥& £E L-vdlL
glle 6'6LE §20¢ 662 08¢ S'E¥E 9vEL 61vl L0} 8¢o ge 9-vdl
£ 09y v L8Y LGy 8'L6E §'g9e V'ele Elye 9'€8l y'8ct 8’08 ey S-¥dl
g'ee 9°S6¥ ' i8E 9'¥Se L'FEE ¢ 10¢e LAY 961 € L3l 08 cer fdl
o 0 0 Y 0 0 0 0 0 0 0 F-vdl
0 0 10 0 0 0 0 0 0 0 0 E-vdl
¢8lE L P2E §5'¢6¢ y'G8¢ ¥'L9C L'EE? P8LE z2'8c! 666 Z°E9 9'5¢ ¢-fdi
26} 9’86l 5481 L8881 [ L) £edt 886 LA L6y S'2¢ b-vdl
5109 8'6vP ¥ 90% £48¢€ g'ive 2 LIE L'L8¢ 1’8614 £LEL L'18 ey Edl
60y 1'26E yI8E ¥ E9€E LIvE ¥'S0¢ 6 Lve £6.ll1 ¥'sel 494 8'6f 2dl
9'6¥E 6'vve 8'8EE 6'62¢ g'gie 5'€8e 8161 9’8y} G'60L 804 ¥ 0y bdl
Al 0¥l 6€| BEI LE! 9¢i SE| YEI E€El[ - cEl LE] yo

FO9LLO



JAERI- Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

Ly S'ELE 9'99¢ L 19€E ' 6¥E £'vet 8482 §'gve P66} e LS} Fpel 1'98 6y Sdl
86l g'8g €4 9'vi £el §'69 9'c8 89 b'LS 8’5t L'ey £iE y'ee el-vdl
vLL 20l £rs 6'S 6'tl 5'69 2'€9 8’5 1S S'9y g'ey g9 t'ee bh-vdl
g'vB £l 4] Y] §08 €684 L'89 209 P'8s 8’8y 6'cEy Bg'LE £EE Ol-¥dl
6801 g'edl 6901 2 L0% g'v0} £46 ¥'o8 o'¥L 2’89 6'LS g 1S L'ey [ B-vdl
£'951 vivl L3l 5084 v orl g8t} 6L g'66 £'58 62 6’18 (414 g'ae 8-vdl
LNALY L'SEe ¢ LEE 8'9¢E¢ g0ee l'ele 6841 g9'irl ceZl L'201 8°C8 9'L9 £le L-vdl
LA 9°00E L'ioe 8'00€ 68162 £'vid ¥ vee L161 (AL F'iEl ¢'E01 6cs 6'0% 89-vdl
5'g6% €62y 214 '8y B 0¥ 6'vLE 6'0¢t 9°09¢ giie 174 9'tct £'06 25y S-pdl
A CTAN L'2LE S 1.6 ¢ BSE g8'9EL 6'L6¢2 give 9102 LG8l s'6zZt 88 9y ¥dl
0 0 0 0 0 0 0 0 0 o 0 0 0 b¥dl
0 0 0 0 0 0 0 0 0 0 0 0 3 £-vdl
Leek ¥'£8e £'88¢ 9'9Be €'8.2 L'¢92 6622 L'ggt 5961 otl L'20} gL Ly 2-¥di
28l 8681 c'9Ll 581 2all b igl 91l 20zl 8801 2.8 el s L'9¢ b-pdl
BFs ¥ L6E L L'l6E £'¥8g gve £'60€ E'¥92 L'pee g8'¢gl < 0r! L'26 (k4 £dl
L'ger 9'y8E L'{BE 8'E8e clt £ LvE 9's0t 09e §'Gle (YA £'eel 68 o'ty edl
B'65E 6'EPE B'EvE SEvE yEE LrE g 182 8'/¢¢ S'vil 9'0v i (1Y 108 ¥y tdl
EIH CiH LLH OLH 6H 8H ZH 9H SH YH £H ¢OH 10H 4a
‘102¢L0
8oLy 2'S6E L'lge S'¥SE S'¥et 1'06¢ S'cee 0914 g921 L'26 8'f9 LLE Gdl
L'E8 2'¥9 5'tg L 09 B'8S ¥ 0S L'9f A4 $'9¢ et 62 ¥ie ch-vdl
569 659 L'y9 AL G'6g L1s S'Sy 20y 868 g'0¢e 6¢ ¥'ie Fi-vdl
9'gL g'¥L el 249 [ g8's§ LBy 92y g8t Z2'et 6¢ yie 0l-vdlL
8'85 L0} g6 §'16 €98 el v'ee L'}S 6y 6'9¢ ele 6'L¢ 6-vdl
LVl S'1G1 A4 L'9gl g'9¢! 801 6'98 £'89 L'LS 'Sy g9t S'8e 8-vdl
£'68¢ 6°15¢ L'S¥e ¢'52e }'80¢ 9°g91 St} e 00l 4’18 g9 vy LLE Lvdl
§'9€¢E ¥'See VALE 96¢ 112 §'ged v'oLl 6621 EO} 94 §'es L'vE 9-vdi
V' LES Siy g'Esy vily G068 E'6lE §9ve 9Lt BEL c'86 1’89 git G-vdl
2'ecs SLiY 8’86t 6°29¢€ 6'6¢¥E ¥ ¥62 L '0Ee Pvol 6°0E} L'v6 E9 B LE. ydl
0 0 0 0 0 Y 0 0 0 0 0 0 F-vdl
0 0 0 0 0 0 0 0 Y 0 0 0 E:vdi
|'GEE I'01E S'00€ §'08¢ L'E9e g'6le PELL g2l 9’00l L'el PIS € ¢-pdl
S LLL 8.1 Pyl 9't8l e §iel ¢80} £8 9'89 1'es 6'6E G'0e i-vdl
€408 L 08y P9ey 6'58¢ g'59¢ g'Lle 8i¥e Syel B'Svl AT 6'6S gL £dl
LEY bogy SO¥ ¥'ele 9’85t 6'L0E L'v9e (7 S'SE1L 9'56 5't9 L'LE cdl
SLE §'sge ¥ BSE /'8EE L'6LE 9'89¢2 5'80¢ Fivt 9'chi vy 509 8'LE bdl
£9] 291 L9} 09t 651 8G1 L5 96| §G) & 13°]! [4°]! yo

LoLiL0



JAERI-Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

98t §'Gs5e iVE £'21E 1'86¢ A £'90¢ gL} B'6L1 848 Ly | Sdl
S'08 £'l8 588 g8 Ll 9°0L 2'8§ £'¥S S'vy g'8t y'ce gh-¥dl
V1B 1'68 ¢ B8 g'te 9’6 81 B85 g'6s L'Sy 1'6€ EE bi-vdl
8'88 £'96 £'66 N ,L'98 6. L'E9 585 9'Ly 60¥% g'tt 0t-vdl
9'til €611 644 Lyli §'801 £'46 69 769 E'¥S 144 g've 6-7dl
[ 6451 1'AS1 G151 Rl i¢t 16 4’88 ¥9 o0& 9t 8-fdl
B'9€e ¥'0Le 5'6e¢ L'Qze £0le §'ig} §'9E1 S'Ll G5'2cg S'19 S'8E L-yd)
g2t ¢'E82 08¢ c'Eld §'19¢ B8°62¢ t'ell Livl 201 Lyl [ 9-vdl
8'G1S £'E6E §'8LE GSE £itt }'S62 9'gce v 681 g'9¢! 8'06 S'Ly S-¥dl
LS55 L'09¢€ g'cre 9'61E 408 L'9.¢ gie 9'v8l L'Gel z2'06 S'Ly ydl
D 0 0 0 Y 0 0 0 0 0 0 y-vdl
0 0 0 0 0 0 0 0 0 0 0 E-vdl
6'9EE 1'ei2 5'89¢ ¢2'BSe ' 6¥E 0ze 691 'Badl L'66 £l L'ey Z-vdl
5.8} P rilsrl |E'GLL 9'2L} 8G9l L4 61 2'€01 L'vL 8'LS 8'LE b-¥dl
¢ 984S S'08¢ £'E9E StE F¥LE <'98¢ 6'0ve 6'20¢ g cel c'Ed ElA tdl
£iLE £'¥SE §.vE g'42¢ L'yie 1'gBe c'5ee 1281 vel ¥'88 ¥'9¥ edl
£eet £81E FLLE §'I0E ¥'062 §9°29¢ 2981 9°951 Fh 5'el oy bdl

SER YEH tEH ZEH LEH OtH 62H 8eH LeH 9cH SZH yo

"LOEZLO

£'197 2'09¢E S 6re 8'tek y'88¢ ¥y ¥se cie 6'vLl cel 98 6’5y Sdl
LLL £lL ¢'5L 82l 1’589 1'09 6'cs £'6¥ vy 9°'gt [ Zl-vdl
884 F'BL g4l S'vL 299 1°09 S'tS 6'6% LA g'ge S'2E bi-pdl
68 1’98 S'Es €'ch 5'EL B'¥9 65 £'tS 'Ly L'6E g'ee Ol-vdl
vyt F'OLL 5'80} £S04 ¥'eb 08 VL £'es L'ES EEY L'EE 6-vdl
9951 9'es1 20S1 E'EYi yyel 9’901 B'I6 08 £'59 y'6v 6vE B-vydl
E¥be L'vEC L'6ee 6Lle 2'681 ¢S5t L'eel Syl 68 L9 9'8¢ L-¥dl
P oLE ¥ E6¢ €8¢ 8°8.8 9'0ve 2'00¢ 2’69l Lyrl ERAL L'ed 9'l¥ 8-vdl
9 ¥y §L0¥ §'96¢E P HLE £'6LE L'88e g'vee 6881 eyl 248 66 S-vdl
§'80¢ G'¥9E 1°86¢ g'2cee 56¢ cse Sie 5181 £ LE1 9'98 Gy Pdl
0 0 0 0 0 0 0 0 0 0 0 v-dl
0 0 0 0 0 0 0 0 0 0 0 E-vdl
S'cee c'6le 5.8 9't9¢ 6¢¢ £561 L9 6'evi 4’801 9'0L 'Ly Z-vdl
<28l 8L 9'elt 1’8814 bivl BCl 9¢cll 6.6 84 6'vS Ll'8E b-vdl
6925 L'EBE 9'ele ¥ve 6'€0¢€ 6'L9¢ £'98¢ 2'g0e S'8vi 9’68 S'9y edl
8°L6E 1'04¢€ 1719€ 9 1pE ¢0¢ L8992 9'6g2 6161 L'O¥ ) (] g8y gdl
¢ ive L'ege g9'52¢ L'GLE 6'¥Be Llye L'L61 9'651 £iel L08 Lyy bdL

veH £eH [44a} LeH 02H 6iH 8iH LIH| SLH SiH ¥LH Uz

'20CCi0



JAERI-Tech 95-022

ITER TASK/JB-DPI-3/JAPAN

Continue (Table 4-2.)

L 0S5y 6'LEE 6'90€E £'692 §5'98¢ £'e0e L'Egsi y'etl 6'}5 Sdl
6'86 668 6'vE 4.8 VL 9’89 c'6s gLy g'Ge gh-vdl
L'004 9101 v'i6 568 64 8'69 6'6G e'ly £'ve bi-vdl
v'80} Ot 1’601 8.6 S8 S'PL 6'29 L'6¥ 6'%E 0l-vdlL
624 g lel iel S8 Feol 1’88 ere 'G5 9'8t 6-¥dl
27191 £'591 }'651 8’8yl 6'8Sl 80} 1’68 L'E9 5'8¢t 8-tdl
6'Ece §'¢ee Lle 6002 Vel g'vyl 9°LLY ¥'08 g'cy Lvdl
vie £'892 9'65¢ £'ive b'eie 9’08l S'Gvd 696 iy 9-vdl
S'E0y E/LSE b'YEE 2'v6e 1'662 8'Gee ¥ 081 8Ll 618G S-vdl
£'9cy E'IEE gyle G'eLe L' 8¥Z 8'cge 2'6Ll B LEL B'1G bdl
0 0 0 0 0 0 Y 0 0 F-tdl
G 0 0 0 0 0 0 0 0 €-vld
£'0ee 9'%9¢2 £'6¥2 £'82¢e 1'ige E'ELL gyl 4’66 8'6¥ e-bdl
L'16} L8 y'eil L'e9l a4 g9zl 6'€0} 6'EL 24 bpdl
|reiy ' tye y'See e iee G'85¢ S'cte g'e6t L'egt 6'L§ Edl
6'eee L'E2E £'90t §'8.2 £'¢se 6'cce EL Frll 0% cdl
1'oog 6'66¢ 6'98¢ v'v9e A 618} Birl NI S'6¥ bl
Lads E¥H [44ds LyH OtH 6EH gEH LEH 9tH 4

2OETLO



