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Study op Critical Heat Flux in Small Diameter Tubes

27T 5 . -
H. Nishihars, K. Mishima, T. Hibiki, K. Tasakal and M. Ruretal

1 7%y s——-i
Research Reactor Institute, Hyoto University
IDepartment of Nuclear Engineering, Nagoya Universaity

2D
2~ Critical heat flux in a small diameter tube is important in rela-
tion to the cooling of such engineering equipments as fusien reactor
5 F components, tight lattice core of a high conversion light water reactor;
a high-neutren flux research reactor, & target of an intense neutron
&—————sspurce, high power electire tips, high-temperature gas turbine tlades,
B 30 ma etc. In these cases, the diapeter or the gap clearance.is much smaller
than those encountered in light water reactors and pther conventional
engieering equipments, say from about a few milimeters to several ten
microns.
The highest heat flux ever reported is 224 lemz for water at 3.2
MPa in 0.5 mm diameter tube by CQrnatskii et al.l or may be more for e
forced convection of water in a narrow chanmel. Such a high CHF was
1 <=3 | attained only under high mass velocity and high subcooling conditions in
a very narrow channel. Several mechanisas for CUF under such conditions
have been proposed already by several researchers - here we simply call
them DNB mechanisms. On the other hand it is known that CHF in the
high~quality region pecurs due to dryout of liquid film on the heated
wall. If one considers CHF as a function of mass velocity, the me .
of CHF varies from film-dryoout in the high-quality r i
subcooled regien as the mass velocity in '
quality region where CHF dat
systematic unders >

ays much with
at none of the correla—
& whole experimental conditions. The

and the Katto4 correlations showed a reasonably
the Zenkevich

condit

——zdent in the positive quality region, whereas
correlation5 gave the best results in the subcooled region.

The effort is still continuing to arrive at better understanding
on the CHF in small diameter tubes and to obtain correlstions to repro-
duce the experimental data in collaboraticn with the existing results.

REFERERCES
1) A.P.Ornatskii and L.5.Vinyarskii, High Temperature 3 {1989) 815

2} W.H.Lowdermilk, C.D.Lanzo and B.L.Siegel, NACA TN-4382 {1858)
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4) Y.Katto, Int. J. Heat Mass Transfer 21 (1978} 1527
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TKURRI Progress Report 1991]

I.

1.

2.

RESEARCH ACTIVITIES

Slow Neutron Physics and Neutron Scattering

1.1

1.2

1.10
1.1
1.12
1.13
1.4
1.15
1.16
1.17

1.18

Neutron Diffraction Study on Partially Deuterated
CsHzPO,4 Crystals

Neutron Diffraction Study on Deuterated Hydrogen-
Bonded Ferroelectrics

Neutron Diffraction Studies of the Magnetic Structures
of Th under High Pressure

Studies on Magnetic Structure and Magnetization Processes
of ErCu, Single Crystal

Magnetic Phase Diagram of DyRu»Si,
Magnetic Structures of Erbium under High Pressure

4-Circle Neutron Diffractometer (KUR-4CND) at
B3 Beam Hole

QOutline of Neutron Diffractometer (KUR-TAS) at
B2 Beam Hole

Time-of-Flight Double Bragg Reflection at Small
Scattering Angle for a Study on Microplasticity in Metals .

Quality of Cold Neutron Beam of CN-2 Guide Tube
in KUR

Performance of the Small-Angle Neutron Scattering
Instrument at KUR

A Spin Echo Spectroscopy Using Transverse Magnetic
Field

Development of Very Cold Neutron Study
Studies on Ultracold Neutrons
Multilayer Mirror Interferometer for Very Cold Neutrons

Feasibility Study of Multilayer Mirror Interferometer
for Very Cold Neutrons

Design and Construciion of an Inverted Geometry
Spectrometer with Multi-Detector Assembly

Data Acquisition System of a Time-of-Flight Analyzer
for Use in a Multi-Detector Assembly for Neutron
Scattering Experiments

Nuclear Physics and Nuclear Chemistry

2. 1 Studies on the Nucleus #¢Ce



. 2 Lifetime Meﬁs_;{urements1 5%f Excited States in Neutron-
Rich Nuclei “'Nd and ~~Pm Using a BaF, Scintillator

. 3 Studies on Short-Lived Fission Products with_‘ KUR-ISOL

. 4 TFundamental Studies on the Atomic Mass Determination
by Means of Nuclear Spectroscopy

. b Nuclear Polarization of Unstable Nuclei with Radiation-
Detected Optical Pumping in Solids

. 6 Measurement of 7-Ray Emission Probabilities for the
Short-Lived Nuclides -

Study on Multi-Mode Fission Mechanism

9. 8 Development of Efficient Ionization Techniques for On-
Line Separation of Products by a Surface lonization
lon Source ‘

. 9 Characteristics of a Nitrogen-dJet Systeni in KUR-ISOL

0 Characteris}'%gs of a 4z 8 r-Coincidence System and a
Search for "7'Nd ‘

.11 Analysis of Chemical Species of Nuclides Produced by
Se(n, 7) Reaction

.12 Radio Ion Chromatographic Studies on the Chemical
Species Formed by Neutron Irradiation :

Reactor Physics and Reactor Engineering

.1 Measurement of Fission Yields from “>*U Foil Irradiated
at Heavy Water Thermal Neutron Facility of the Kyoto
University Reactor

. 9 Measurement of ***U Fission Spectrum—Avefaged Cross
Sections and Neutron Spectrum Adjusted with the
Activation Data '

. 3 Neutron Spectra Adjusted with Multi-Foil Activation Data
in Research Reactors

. 4 Calibration of Detector Efficiency for Absclute
Measurement of Neutron Reaction Rates

. 5 Effective Thermal Neutron Collimation for Neutron
Capture Therapy Using Neutron Scattering and Absorption
Reactions

. B Reevaluation of Thermal Neutron Field of the KUR Heavy
Water Facility for Biomedical Uses (Optimization of Bismuth,
Heavy Water and Graphite Layers)

. 7 Analysis for Remodeling the KUR Heavy Water Facility
for Biomedical Uses (Shutter System for Continuous Use of
the Facility under 5 MW Operation)

. 8 Lead Slowing-Down Spectrometer Coupled to Electron
Linac (1) Quiline of the Spectrometer

. 9 Lead Slowing-Down Spectrometer Coupled to Electron
Linac (@I} Neutron Time Behavior in Lead

. 10 Lead Slowing-Down Spectrometer Coupled to Electron
Linac (I) Neutron Spectrum by Activation Data



3.11 Measurement of Rission Cross Section of Np-237 in
Resonance Region with Electron Linac Driven Lead
Slowing-down Spectrometer (KULS)

3.12 Absolute Measurement of Neutron Capture Cross
Sections by BGO Scintiliator

3.13 Leakage Neutron Spectra from .Various Sphere Piles
Irradiated with 14 MeV Neutrons

3.14 Nuclear Characteristics Design of Upgraded_KUR Core

3.15 Calculated Energy and Angular Dependence of Particle
Fluxes at the Exit of the Advanced Neuiron Source
Radial and Tangential Beam Tubes

3.16 Study on Critical Heat Flux in Small Diameter Tubes

3.17 Study on Critical Heat Flux in a Channel Heated from
One Lateral Side

8.18 An Experimental Study of Inception of Flow Boiling Water

3.19 Reactor Physics Study through Critical Experiments by
Using the KUCA

3.2 Experiment on High Conversion Water Reactor with
Double Flat Cores

8.21 Critical Experiments on a Vi, Vi = 0.67 Core with Side
Blanket

3.22 Assessment of Neutron Spectrum at the Center of
B3./8"P36EU-NU-EU(3) Core with Foil Activation

Technique

3.93 Measurement of Foil Reaction Rate in the Center
of “B” Core

3.24 Measurement of Foil Reaction Rate in the Center
of “B” Core

3.%95 Measurement of Effective Beta for Thermal Neutron
System by Using Bennett Method (2)

3.2 Determination of Effective Delayed Neutron Fraction
Using the Coupled Reactor Theory

3.87 Fundamental Study of Thorium Hybrid Reactor System
3.98 Analysis of KUCA Benchmark Problems

3.29 Generation of Effective Cross Section Using Multiband
Method

3.30 Relationships between Reactor Kinetic Time Parameters

8.81 Prediction of Site-Specific Strong Ground Metion Using
Semi-Empirical Methods

3.82 Studies on Nuclear Pyrochemical Processmg
4. Material Science and Radiation Effects

4. 1 TDPAC Experiments with '*°Ba-'**La Implanted
in YBaCuO Compounds



.10
il

12

.13
.14

4.15

.16

7
.18
.18

.20

.2t
.22

.23

.25
2%

a7

The Hyperfine Magnetic Field in Fe-Hf Amorphous
at Low Temperatures Observed by TDPAC Technique

Hyperfine Interaction Studies of Local Properties in
Matter

'%7Au Mbssbauer Spectroscopy of the Cubic Phase in
the Halogen Bridged Mixed Valence Complex CszAual s

Méssbauer Spectroscopie Study of lodine Compounds

Metallic Transport Properties in Conducting Organic
Polymers

1291 and '**Te Mdsshauer Studies of Polyvinyl Aleohol
Films Doped with Jodine

Mdssbauer Spectroscopic Study of Polyacetylene Doped
with Iodine

Médssbauer Spectroscopic Study of lodine-Doped
Polyisoprene
1291

M3ssbauer Study of Fullerene Ceo Doped with

H.”D Isotopic Analysis of Heavy Water by Fourier-
Tansform Infrared Sectrophotometry

Determination of Trace Elements in a Silicon Single
Crystal

Activation Analysis of High-Purity Metals

Raman Study of Organic Glasses at Very Low
Temperatures

Swelling of Epoxy Based Resin and FRP

Effect of Neutron Irradiation on Cryogenic Temperature
Strength of Electron Beam Welded Joint of Improved
High Manganese Steels

Study of Irradiation Effects in Non-Metallic Conductors (3)
Neutron Irradiation Effect on LazCuO,

Studies of Damage Formation in Neutron-Irradiated
Metals and Superconductors

Effects of Neutron Irradiation on Superconducting
Properties under Stress in Superconducting Wires

Radiation Damages in Ammonium Silver Halide Crystals

Optical Transitions of Ni** Tons in Neutron-Irradiated
MgO Crystal

Lattice Defects in Rutile, TiQ, , Irradiated with Reactor
Neutrons at Low Temperature

Lattice Defects in Rutile Single Crystals

Annealing Process of Defects in Iron Implanted
Gallium Arsenide

Determination of Constituent Atoms of Defect Clusters
by Isotope Effect of Local-Mode Phonon .

Positron Annihilation Lifetime Measurement of
Electron-Irradiated Iron Alloys



4.98 Positron Lifetime Study of Radiation Damage in
Materials I. Intermetallic Compound TiAl

4.99 Radiation Hardness of Plastic Scintillating Fiber
against Fast Neutron and 7-Ray Irradiation

4.30 Basic Study on Neutron Transmutation Doping (NTD)
of Silicon

4.31 Neutron Transmutation Doping on Compound
Semiconductor

Geochemistry and Environmental Science

5. 1 The Studies on the Genesis of Volcanic Rocks by Partition
of Trace Elemenis

5. 2 Noble Metals in Ocean Floor Rock Samples

5. 3 Geochemical Studies on Trace Element Abundances
in Igneous Rocks and Sedimentary Rocks in Island-Arcs

5. 4 REE Composition of the Paleozoic and Mesozoic
Mudstones in SW Japan

5. 5 Origin of Paleo-Mesozoic Oceanic Basalts Deduced
from Trace Element Abundance

5. 8 Geochemical Study of Trace Elements in Hydrosphere
by Neutron Activation Analysis I. Elemental Composition
and Its Characteristics of Ferromanganese Concretions
from Lake Biwa

5. 7 Geochemical Characteristics and Alteration of the
Miocene Basaltic Rocks in the Nibetsu Area, Akita City

5. 8 Neutron Activation Analysis of Granite Slices and Their
Luminescence Phenomena after 7-Rray Irradiation

5. § Thermoluminescence Study of Geological Materials

5.10 Geochemical Study by Neutron Activation Analysis
on Precipitates in the Atmosphere and the Hydrosphere

5.11 Study on the Influence of Acid Rain on the Earth
. Environments

5.12 Effect of Environmental Pollution on the Elementary
Composition of Plants

5.13 Inorganic Elements in Stems of Hardwoods _
—The Radial Distribution in Woods and Concentration
in Barks —

5.14 Study on the Trace Element Concentrations in Mussel

5.15 Neutron Activation Analyses of Uranium-238 and
Thorium-232 in Fossil Molluscan Shells and Their
Environs

Life Science_and Medical Science

6. 1 Celiular Responses to Jonizing Radiation in Higher
Eukaryotes

8. 2 Repair of Transforming Capacity of Irradiated Cells in a
Radiation Resistant Bacterium, Deinococcus radiodurans



T.

6.10
6.11
6.12

6.13
6.14

6.16
6.17

6.18
6.18

6.20

Modulation in Radiation Resistance by Metabolic
Inhibitors in Deinococcus radiodulans, an Extremely
Radiation Resistant Microorganism

Studies on the Synergistic Killing Effect of High LET
Radiation and Hyperthermia in Deinococcus
radiodurans (I

Radiation Tolerance and Its Mechanism in Algae
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I. RIDWAN’ § REPORT ABOUT HIS STAY AT KURRI
{ October 1989—March 1993 )

As prologue let me introduce myself and the Institute where | have been come from. My
name is Ridwan, [ belong to the National Atomic Energy Agency of Indonesia (BATAN). This
Institute was founded more than twenty years ago, since then the research subjects were carried
out mainly related to the effect of radiation to the biological substances, as well as reactor
engineering which has been using two TRIGA's type rcactors installed at Bandung and Yogya-
karta which also produced radioisotope elements supplied for domestic uses. In order to expand
the field of research, not so long time ago BATAN has zlso constructed the new multipurpose
reactor of nominal power of 30 MW at Serpong ( 30 km from Jakarta ). Six beam tubes (5-1,..5-
6) have been installed to this new reactor of which five of them are used for neutron scattering
experiments, Three guide tubes made from boron glass coating by Ni~58 were also installed with
“total length nearly 120 m. For climinating high energy neutrons as well as reducing the back—
ground and also gamma—tay which are very demanded to obtained good S/N ratio experiments,
two of these guide tubes are designed as bent tubes one. The experimental facilities installed on
these bent guides are SANS ( Small Angle Neutron Spectrometer ), HRSANS ( High Resolution
SANS ) and HRPD ( High Resolution Powder Diffractometer ). Another facilitics such as
FCD/TD ( Four—circle Diffractometer which also meet for Texture Experiment ), TAS { Triple-
axis Spectrometer ), Radiography facility, and PD ( Powder Diffractometer ) which is granted by
Japanese Government are also installed. Another main facilities also constructed by BATAN are
Fuel Element Production Installation (FEPI), Radioactive Waste Installation (RWI), and Ra-
dioisotope Installation (RII) which equipped at near the reactor site.

In order to use that new branch facilities extensively, BATAN send their young scientist to
the Center/Institute and also universities in abroad to improve their knowledges on their fields.

On October 1988, I have an opportunity to come to Japan as a trainee at JAERL With the
hospitality and kindness of all staff and scientist there, one year stay I feel very short and
meanwhile desire for continuing study was accumulated. On that time I wried to make contact

with Prof. Iwao SHIBUYA, whom I had met at first on a lecture held in Bandung two years



before. After completing some administration procedures I was accepted as visiting researcher at
the Kyoto University Research Reactor.

My family also joined with me after my wife completed her duty work at hospital as a
Dentist one and half years latter. In the relative short time and even with very little knowing
about Japanese language however, my family could enjoyed their stay with some good Japanese
friends. My appreciate addressed to Prof. Iwao SHIBUYA whom was kind enough to arrange all
necessary procedures for my two years old son to enter kindergarten where he enjoyed very
much.

Years stay in the KURRI gave me many valuable experiences that I have not found before,
which may be necessarily known by my colleagues in BATAN. The fruitful suggestions and
motivations that I received a long the course through Prof. Iwao SHIBUYA are very helpful in
doing my work after returning to my home country. In this occasion | would like to express my
sincercly gratitude to Professors Iwao SHIBUYA, Yutaka IWATA, Mr. Nobumitu KOYANO
and Mr. Susumu FUKUI, without their supervisions and helps my Main Dissertation might not
have been completed yet. [ also indebted to Dr. Shinji KAWANO whorn in another time allowed
me to joint in his group research, and also to all members of Slow Neutron Physics Division for
their kindness and hospitality. On the other hand please forgive the all misbehavior that I have
done throughout the time that I have been spent with. Finally, I would like to gratitude to ali
members of Research Reactor Institute, Kyoto University for their familiarity and friendship.
Last but not least T will never forget the spring time when the most beautiful 'sakura’ blossom at

KURRI garden, and wish to see it again in the other time ...... sayonara.

Ridwan
Yr7

JF7 vRiEA v FA Y PETFHTFOWSEET. P EICA L0 ERSEIBETO 3E
6 » A\ PHER & LTHEBRIcB W T ik FEFc X 23S REHROE " wiEx
nE Lo



. SHARSHAR TAHER'S REPORT ABOUT HIS STAY AT KURRI
{ October 1988—April 1993 )

Six years ago, I have been recommended by the Universify of
Tanta, Egypt, for a Japanese government scholarship (Monbusho}.
Few months later, the Egyptian Ministry of Education informed ﬁe
about the acceptance of my candidature as a research student in
Research Reactor Institute, Kyoto University under the supervi-
sion of Professor Kotoyuki OKANO. At the time, there was a great
need to improve my poor knowledge about Japanese language and
customs. After my arrival at Osaka International Airport on April
1988, I started =a six month-lasting Japanese Language course in
Dsaka University of Foreign Studies. This period was useful in
getting familiar with the Japanese life-style and was helpful in
preparing the appropriate conditions for initiating my research
program in Kumatori. I was soon jointed by my family and we
enjoyed our stay together with very good Japanese friends. At the
end of this five-year period, I find that it was a fruitful and
valuable experience whose limits go beyond the confines of scien-—
tific research. I believe that there is a large potential of
issues that I shall teach my students in Tanta University.

I and my family would like to thank Professor Kotoyuki OKANO
for his kind support and help during our stay in Japan. I would
like also to express my sincere gratitude for his supervision of
my Doctor thesis.

T acknowledge my immense indebtedness to Dr. Shigeru YAMADA

and Professor Yoichi KAWASE for their valuable support. I would

like also to express my deep gratitude to the late Professor
Mutsuo KOYaMA for his help and assistance during my study in his

Hot laboratory. My thanks are addressed to all members of Re-



search Reactor Institute, Kyoto University-. .
See ‘you again in Egypt! in Japan!...

Taher Morsey Sharshar -
vy e FEN
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