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Proceedings of the 9th Topical Meeting on Nuclear Code Development
November 9 —10, 1995, JAERI, Tokai, Japan

Nuclear Codes Committee and Research Committee on Reactor Physics

Tokal Research Establishment
Japan Atomic Energy Research Institute

Tokal-mura, Naka-gun, Ibaraki-ken

(Received January 22, 1996)

This report is the proceedings of the 9th Topical Meeting on Nuclear Code
Development held at Tokai Research Establishment, Japan Atomic Energy Research
Institute (JAERI) , on November 9 and 10, 1995. The meeting was organized in
cooperation with the Nuclear Codes Committee and the Research Committee on
Reactor Physics. The main subject of the meeting was “visualization technique”,
which was useful for understanding various phenomena in simulations and experi-
ments or for supporting plant design and operation, and the papers on “Simulation
and Visualization Technique” and “Image Processing and Measurement” were

presented.

Keywords: Software, Reactor Physics, Nuclear Code, Simulation, Visualization,

Image Processing, Measurement
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Rujitsu's Approach to Scientific Visualization

Makoto Yamamoto (Fujitsu Ltd.)

Scientific Visualization techniques are developed with the remarkable progress of
performance and functions in supercomputers and graphics workstations.  The popular
visualiztion system is the distributed configuration, in which the results of numerical
simulation computed in supercomputers are transmitted through retwork into workstations
and corverted to the mages for display.

In this paper, the various cases of functional distribution in the configuration are
mainly discussed. And then visualization systems or softwares in Fujitsu in fhe past and
present are introduced. Especially for one of the solutions for real-time visual jzation,
we propose interactiive data reduction and tracking, with the interface to the simulation
softwares. As this example, 'VisLirk', which is the software being developed now, is
jntroduced.  Our trial to Virtual Reality with the high-tevel graphics accelerater AG
and the real-time (G software 'Sight (F/)' is also introduced.

Keywords ( Scientific Visualization, Real-time Visualization, Graphics Worksation,
Solver, Network, real-time computer graphics, Virtual Reality )
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Fig. 3 Example of AVS visualization
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Fig. 4 3 types of Distributed Yisualization
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Application of Visualization Technique
in Computational Science

Tadashi Watanabe (JAERI)

At the center for promotion of computational science and engineering in JAERI,
complex phenomena in nuclear application fields such as heat conduction and fluid
dynamics are studied through computer simulations based on first-principle models
and equations. This research project is divided into three parts according to objec-
tives and methodologies: continuum-system simulation, particle-system simulation,
and large scale numerical simulation technique. Application of visualisation tech-
nique is studied for the large scale numerical simulation technique. In the course of
establishing a- d'istrib,iltéd_ processing environment, an animation processing system
has been developed, in which simulation results are consecutively visualized on a
server workstation for image processing and automatically recorded on a video tape.
In this report, the animation processing system is described using examples in the
particle-system simulation.

Keyword(Simulation, Visualization, Animation, Video)
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Fig. 1 Computer system in JAERI
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Fig. 2 Animation processing system
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Fig. 3 Sampling and collisicn cells for DSMC calculations

TEMPERATURE and VELOCITY FIELD (Ra=2703)

Te80K 9500 800

T=250K 320,000 Simulation Particies
46x20 Sampling cells

Fig. 4 Steady convection rolls
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TEMPERATURE and VELOCITY FIELD (Ra=043)

T=150K 326,600 Simulation Particles
40x20 Sampling cells

Fig. 5 Heat conduction state

TEMPERATURE FLUCTUATION (Ra=843)

T=80K 808 085

320,000 Simulation Patticles
40%20 Sampling cells

Fig. 6 Temperature fluctuation in heat conduction state
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TEMPERATURE and VELOCITY FIELD {(Ra=5341)

160,000 Particles
Aspect ratio = 10 200x20 Sampling Cells

Fig. 7 Convection rolls (aspect ratio = 10)

TEMPERATURE and VELOCITY FIELD (Ra=5341}

TESCGGK

Aspect

Fig. 8

200x20 Sampling Cells
ratic = 10 169,000 Particles
Convection rolls (aspect ratic = 10, vertical size x 5)
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Temperature field
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Fig. ¢ 3-D Temperature field
(cyclic for x and slip for y directions)

3-D Temperature field
80K (diffuse)

500K {diffuse)
40%40%20 sampling cells side-x - slip
840,000 particles side-y : slip

Fig. 10 3-D Temperature field
(slip for x and y directions)
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Fig. 11 Sampling and collision cells for cellular automata calculations

Fig. 12 Flow around an obstacle (rough visualization)
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Fig. 13 Flow around an obstacle (fine visualization)
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4. TUOONBIYYVOFTORMEBH I 2L—23 2
w7 AE (RH)

HaSFOHE N RAFICES T ARIZBATTORERA 7rT— L. TR F—L AN
ZBWTHH THERIZRATLS, XERTHE., JRIEEFTOEAT 22 L—43
VEBOERAKECEALEAELT. DEI/0GRIFFHLLTL—Y—HKIZL
AZEERFROBH #AEEHLIAL—2a3y (REVTHLO—FFEINZEE) .
Q270 -VASHELEBISEHL LTRBEFTA X573 VROBET
DHEBFIal—3r (EGS4, EVTHLAE) . QTIABRIFRELL
THAYHERA 2 RANWBH R UVEBEKFEFERBAOCEE R S alb—2 3y

(Navier-Stokes zt. Control-volume 24i%) IZ2WTHNT 5,

Numerical Simulation of Thermofluid flow and Mass Transpoﬁ
for Microscopic and Macroscopic Phenomena

Tomoaki Kunugi (JAERI)

Thermal engineering problems in nuclear fusion reactor and high temperature
gas cooled reactor include very wide time- and spatial-scales and their broad energy
levels.

In this presentation, we will show some examples of the scientific visualization
results applied to the numerical simulation of thermofluid flow and mass transport for
microscopic and macroscopic phenomena as follows: (I) as for microscopic thermal
engineering problem, numerical simulation of melting and evaporation behavior of
molybdenum layer irradiated with a laser beam (Hybrid method; Monte Carlo method +
molecular dynamics), (2) as for micro/macro combined problem, effects of runaway
electrons on the plasma-facing components by using EGS4 under the strong magnetic
fields(Monte Carlo method), (3) as for macroscopic problem, computational secondary
flow behavior in a curved circular tube will be compared with the experimental result, a
new type of reversal flow in an isothermal horizontal square channel was found by means
of numerical simulation (control-volume finite difference method).

Keywords: Hybrid method, Monte Carlo Method, Molecular dynamics, Control-volume method
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Table 1 Difference between the the peak deposited energies obtained by the GEANT3 and EGS4

for a simple divertor model consisted of 10 mm graphite ammor tile and 50 mmn molybdenum laver

Items D [%] AD [%]
Peak deposited energy in molybdenum layer 13.6 6.4
Peak deposited energy in graphite armor tile 4.1 147
Ratio of the deposited energy in molybdenum laver -7.3 ' 3.3
Ratio of the deposited energy in graphite armor tile . -9.0 9.5
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Boundary Conditions
+X boundary; periedic
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+Z boundary; vacuum

Fig.1 A simple divertor model (10 mm CFC tile and 50 mm molybdenum layer)
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Fig.2 Effect of incident electron energy on the energy deposition in the materials
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Cooclant tube assembly

z (a) Toraidal case Electron beam and magnetic field are parallel.
(b) Poloidal case (a)
L. so=17 () Unit {em}
X . <y Boundary Conditions
Y W > =X boundary; periodic
\\\\\ +Y boundary; peniedic
. 9 EEEY
proy L \s.( N N =Z boundary, vacuum
25| 06¥ I\ 2N N

oot RN\

! \
$1.0
; Copper coclant tube
$1.2

Coolant(Water)

¥

{a) Type A ! Monoblock concept ,
imm-thick copper tube in CFC block

QN

N \IGFC

Copper Structure

Co | b
Coolant(Water) pper coolant tube

: $1.0 i > Coolani{Water)

| ¢ 1.

i {b) Type B : Armored copper tube concept, (¢) Type C:1mm-thick copper tube
Copper structure armored by lem-thick CFC between CFC and copper structure

Fig. 3 Three types of ITER-CDA divertor configurations and Claculation conditions

E=3CCMaY Ex=1CCMaY

E=300MeV

Fig. 4  Example of the deposited energy contours
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Fig. 2 Comparison bewteen the flow visulization experiment and the present analysis (Q=90" }
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Fig. 3 Comparison of velocity distribution between the experiment and the present analysis
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Fig. 4 Effect of the inlet velocity profile
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Application of Visualization Techniques to the Research
on Atmospheric Dispersion of Radionuclides

Hiromi Yamazawa (JAERI)

The research activities in JAERI on the atmospheric dispersion of radionuclides have been focusing
on both the development of numerical atmospheric dispersion models and their application to the
emergency response systems such as SPEEDI. In the former, a few visualization techniques have been
used by way of trial to help modellers to interpret the calculation results of complicated phenomena in
the atmosphere. Among them, a computer animation with the volume rendering technique has the
advahtage of excellent expressiveness. It is expected that, if its.perfonnance with regard to computer
cost and quantitative expressiveness is improved, the technique would become an easy and useful tool
even for a modeller. The latter, on the other hand, has different aspects that the graphical outputs from
the emergency systems should present information just enough for decision makers. The recent

advancement in EWS's performance has promoted the easier interpretation of output information.

Key words (Visualization, Atmospheric dispersion, Emergency response system, Graphical output)
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Table 2 List of graphical output from SPEEDI in development stage in 1980s.

Wind observed wind

wind field by arrows (in arbitrary horizontal or vertical cross section)

Concentration  |concentration isopleth (same as the above) X (air conc. or deposition)} X (nuclides)
temporal variation (at arbitrary point) X (nuclides)
particle distribution {in arbitrary horizontal or vertical cross section)

Radiation dose  |dose isopleth (at ground surface)
X (air dose rate, external v, thyroid dose, internal dose)

Underlain map  [coast lines, administrative border, terrain isopleth, rail road, national road,

longitudinal and latitudinal lines, place-name

NODEL - PRWOA
INSTANT CONCENTRATIGN [SGPLETH NUCLIOE - SFE
OATE - 83/08/08
{ppt) TINE = 13:00
ot VERT. LEVEL (C) 0.0 - 25.0 1
1.5
CONTOUR VALUES (Oxw=1Z
{ 1000.0
2 709.0
3 100-0
3 100.0

ITACHIOHTA y
w MAX[MUM POINT
t =4.7, -L.51 Kh

957 {.527E-09 ClsMnw3

DISTANCE (km}
[~
o
~
2
x
2

NAKARHENATO

1
0.0 0.5 1.0

<1 . §
-0.5 .
DISTAMCE (km) »i0*

-2.0 -1.5 -~1.0

Fig.2 An example of graphical output from SPEEDI under development stage in 1980s.
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Fig3 Surface wind distribution around Mt. Tsukuba during a tracer expermment
(simulation by PHYSIC).

i, HERBLARBILOR LTI EHESEL, ZOPTHREBERZ M- TADE
IBFDLELFIIFEY, EEMNBEOEEIGELZ O b L — 3 F AR LOER 4 g
FED IS L TCRAT~RENTIT<RIETH o7, ZORREHERRR TR bvE
DIEMSA % 3IRTENCIERTAORBE LN L THEE, £ DB TFEER W oh
OMRE T DR~ MAEERC ZLIZL Y REMRENBORBIITETH D, BEUR
Wi O IBIR L N EOERICIZERR Y OMB L RR BITHEE BNOE,s LA,
FRBOOBLIIRE ZBETRRZNTHS I,

I OEBRBEF O TIIHHRR 2 AV BT b1To 7k, Figd4 ICE20EE7T, BIZELS
EICELE Lo A»h b RHEREv—h—RTORBFEERL TS, RERER. &£
DR L 40m, AORTH L 120m TH D, PIEMIBR O 2B L ) RBFRIL<E-
TWBZ Lians, BITEFRLTORVAS, HERORE &L HEED~Y MURE LT
B LizL Y, Figs OEARICTT L I RREEHICEHES LEBREEOLEKGEERTH T
ENTE, ZOHTIE, WORLERTORERELAERICL-TRESNIRVEIOH
AHFEREDH EBILUOREMTHORMOBEICL > TR 22O, HEREERIZRY,
R L A SR BUR OB I & - TE LB & » T2 D%O NS FEs
BlroTWA,

__“64_



JAERT—Conf 96002

18 -] - 18
%\ Trajectories Trajectorles

RUN 1-85 Nov. 06 1500-1630 RUN 1-85 Nov. 06 1500-1630
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Fig4 Trajectories of marker particles release around the tracer-release point of a field experiment.

Fig.5 Schematic diagram of air flow around Mt. Tsukuba.
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Visualization and Measurement by Image Processing of
Thermal Hydraulic Phenomena by Neutron Radiography

Nobuyuki Takenaka ( Kobe Univ. )

Neutron Radiography was applied to visualization of thermal hydraulic phenomena
and measurement was carried out by image processing the visualized images. Since
attenuation of thermal neutron rays is high in ordinary liquids like water and organic
fluid while it is low in most of metals, liquid flow behaviors can be visualized through
a metallic wall by neutron radiography. Measurement of void fraction and flow vector
field which is important to study thermal hydraulic phenomena can be carried out by
image processing the images obtained by the visualization. Various two-phase and
liquid metal flows were visualized by a JRR-3M thermal neutron radiography system
in the present study. Multi-dimensional void fraction distributions in two-phase fiows
and flow vector fields in liquid metals, which are difficult to measure by the other
methods, were successfully measured by image processing. It was shown that neutron
radiography was efficiently applicable to study thermal hydraulic phenomena..

Keywords ( Neutron Radiography, Visualization, Measurement, Thermal Hydraulics,
Image Processing, Two-Phase Flow, Liguid Metal, Void Fraction, Flow Vector Field )
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7. THRACEROERLE 2oV T
A Z8 (K- 1)
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RLEOEGET—F L L, FREBEGFEATIEICL > THWEEOEEILEZT> T 5,

KFEFTIE. - nSOTHALERLBRFHON, 3 RTiEFMAIHE LT [HF
E{gEFEAEL] 2. 3ATEESMAE LT [THBEEIOOIZEa—F b
EFI74(CT)] O2HEALT, REOREELBAT 5. K-FEZIHEREEIL.
HHICEBA LR FORE 2 BHT AHTHAEZFHIT 5, COLODIKIXAT LV
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TR — o9 F T #HVAFERBATH, T-THHBEGELODCT IZDNWT
3. kLT — ) TEREAVAFETIRE ., BEHTVITY XA (GA) 2 A
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Quantitative Flow Visualization

Koji Okamoto (Univ. Tokyo)

Quantity of the physical property, e.g., velocity, density and temperature, can be re-
constructed from the visualized image of flow. In these studies, the three-dimensional
distributions are calculated from the two-dimensional images with using the image
processing techniques.

In this presentation, the recent progress on the Particle Image Velocimetry (PIV)
and the Computer Tomography from the interferogram images (CT) will be discussed.
In the PIV, the same particle should be identified in the consequent images. The new
tracking algorithm with the pattern matching technique was developed. In the CT,
the density distributions were reconstructed from a few projection images, with using

the Genetic Algorithm (GA).

Key words: Quantitative Flow Visualization, Particle Image Velocimetry, Pat-
tern Matching, Computer Tomography, Genetic Algorithm, Image

Processing
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Figure 1: Schematic of particle displacement in two images
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Figure 2: Spring model
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tributions reconstructed by Spring model
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Table 1: Results of reconstructed vectors

Dimension of flow field 2D 2D with A&D#3 3D

Technique CCHFLISM# | CC*' | SM#* | CcC*! | SM#*
Correct Vectors [A] 309 417 91 376 260 387
Erroneous Vectors [B] 89 40 188 38 39 59
Particle to be tracked [C] 482 442 484

Yield [A/C] 64% 87% 21% 85% 54% 80%
Error ratio [B/ (A+B)] 23% 9% 68% 9% 26% 13%

#1: Cross Correlation technique [5, 6]
#2: Spring Model technique
#3: Appearing and Disappearing particles
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Figure 13: Configuration for optical tomography
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Figure 14: Concept of the assumed density distribution

3.2.2 FEEEIH
RE (a) & 0. BEBES g (z,y) 13, HEBELRTEE f(rnt) poERTE S,
RO ERIEAREET Tk o7,

af S; ) _ DV f(r ) + S(r), (7)

TSGR UBEREGZLTIIRT,

1 (7 < Teouree)
f(r,0) = {0 (;the:Wise) ’ (8)

floc,t) = 0, (9)

BL. Tuee WY —AEEERT, D ii?ﬁﬁ%iﬁf&;% V—RAF—h S(r) 2T

DL L% INb,
{consta.nt (7 < Tuoures) (10)

()= (otherwise)

PR f(rt) 3R (7) #BCSES DEIEESND, B f(rt) OBEEE 151
%o

AERERICBNT, ZEEDH ¢! (z, y) &, V- ANE (zi,y) LEE f(rt) THY
T BTF0L RSN,

g (z,y) = aif (f(z — 2 + (y — )%, ta), (11)

AL, oy BAEE®FETHEF, ¢, BEET, B 15IIRT LI, GEROKRLIER
TRFTHHEAL T o & & EERETHIEILLD, f?ﬂ)ﬁﬁﬂﬁ gi(xy) &t
"I A5 LB TESL,

CREDEESG S EFEESMTEORL T2, B I6ISRT LHICY—A
NENEBII6ARRKEb DL LT, _




JAERI—Conf $6—002

function f

Tsource ' raduis r

Figure 15: The functions of diffusion process

Figure 16: The source locations
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(a) The reference density (b) The density distribu- (c) The density distribu-
distribution tion reconstructed with tion reconstructed with
the present method the conventional ART

Figure 17: The contour plot of the density distributions
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Figure 18: The density distributions along the line A-A’
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Figure 19: The transition of the fitness value of the best individual

Table 2: The errors of the reconstructions with eight angles

method error K

present method 0.11
ART 0.65

random search 0.19
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Table 3: The relationship between the number of the elementary density distributions
and the errors

Thetem erroi“ E
7 0.34

19 0.13
37 0.11
61 0.19
91 - 0.21

Table 4: The errors of the reconstructions with three angles

method error ¥

present method 0.29
ART 0.59

Density g

(a) The density distribu- (b) The density distribu- (c) The density distribu-
tion reconstructed with tion reconstructed with tions along the line A-A’
the present method the conventional ART '

Figure 20: The density distributions reconstructed with three angles
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