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Visualization of Computed Results
%
Takuya TSURUOKA and Misako ISHIGURO

Computing Center
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received June 1, 1990)

Visualization of computed results has become an indispesable means
to get better understénding of physical phenomena, In this circum-
stances, a trial of visualization has started at JAERI in 1989. The
examples, tried so far, are animations of three kinds of physical
phenomena: heat flow behavior in a curved pipe, transient behavior of
molten metals heated by electron beam in laser isotope separation
process, and Yenon—induced oscillation behavior in the core of the
high temperature gas-cooled test reactor. Each animated graph is
recorded on a video tape of several minutes.

Three—-dimensional color graphics software FACOM CGMS, which runs
on FACOM VP or M-780 systems, has been used for this purpose. This
report describes the visualization methods used for these graphic

applications.

Keywords: Visualization, Animation, FACOM CGMS, Graphics System,
Frame, Computer Graphics, Heat Flow, Atomic Vapor Laser

Method, Xenon-induced Oscillatiom
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Table 3.1 Calculation time of each simulation’
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Fig. 3.1 Calculation model of a curved pipe
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Fig. 3.2 Calculation model of molten metals
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Fig. 3.3 Calculation model of graphite moderated reactor core
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BB b ZETEIFRS R E W/ TH b,

ERoffkicid, © EEoAFETUFEERRLLER BR7) 17« VTR 2R
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HROWENNERL 03, BENFHEIS LTI LcL-TRORBEEZRLEE TV S,

Pa—4 Yy iE2EYT, AR Fig 413 IRTHESA DB, SRIIBSET, Fig. 4. 14
EETRICETFORhOSEEEL, HdFig. 4 3Rt HABONEDL S RLEE
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IBMOBIEEEEBOT VS, 2202~ Y7 EbEETH 5,

@ AR (153428
ToA—Ya vOEHETE, ToA—YavOFRE, Vialb—va FHONELER
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HERE, #RPETR. &y voEEAE, RiECiE ENDv—2 PRE - BHEY 2
h%K%kiD%ﬁ HThd, Fig, 4162284 P VERT,

9 SREANOBRKEETHOT =AYy (343TH)

IOT =AY avid %Eﬁ®ﬁﬂm®mﬁ&ﬁ§®%@aéﬂﬁz/—/& g4 b
%%il/—/®ﬁ3/9/1%méhfméomf®2/_/km FhEnuL FERICE
B4R L, B & i ERMSE(LT AME LA HRIC LT

c TR, e AR L EF ADLY, ERORE, RUYV =T ¥ IBIT-
TV, E, Fa—d Y ZIE20TREETS %,

O |ESE (14728

v 3 alb—¥ s YETETIH, %ﬂﬁ%@ﬁﬁ&%ﬂmLfﬁiﬁwm%ﬁﬁ®6%ﬁﬁ%
S e LTV, Oy — T, BEshERT - g SIS OB LIERL, &
BHE2FSMEN S,

ROV 14, MEE 7Y 35 4 70N, 2IRT—REEERD #D 2wy PRV,
Av—vOEa—A4vr%E, Fig. 4 1T ICRETRT

S tab s VEEOR, FEEEANASATOAEKREARTIIETHD, 1)
i 1 OB IFEA S LT 2B oL e Thid, EEAOBEBIRE &E-—icd a7t
BTH B

@ EES (152

HESTERY — v ERTD, m@mmwﬁﬂéﬁﬁﬁﬁ@@ébﬁbﬁwﬁh,%Eﬁ
DAFHYOREERS SRR L THL TV 2,

Fikoffl b ER O EBRTH %o

Ai—vDEa—A 7%, Fig. 418 IHEBTHRT,

2 EOERE, 431020 R LAFREE- T, HEHEE O NI R 2iT-TH
n, Stepl 5 Step 15 F TOEFLEE, 41 [ R L sRiE LT, FH2Rd il Tw A,
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AR, MUREREE, /ohBTE . Bu—vOERE, B%TEH, END -2 E2XTF
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(3) HEAAFFELOF € VEBOT =4 -va Y (45 238)

CDTF A a vid FLONNEEAEE S A VERT 200y - Y TRRSATD
% HABEARERY — vid, BEoSRE &L RENELT SMETH Y, O E
mﬁofwﬂhoit,Mﬂﬁﬁﬁ&ﬂhm®t$fauﬂ%%u&#ﬁofh%@f,FM
DA T A E & - TEECE L WEESE L T 2.
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O WHBESMG (35 268)

BROERIC IR, WBETY 174 70K, —BEEEREIDERS 2wy FEHVR, A
B ONZER, BEHEEE T THEAROKRTALAV TR NMIARELERL, SUEHOD
E=ORE L TEBONSHBERPOEHEET 5,

SR ETRRE W, AY— v OIS S, FLRESBMNT S TRRSh SR

oM LT A RIS 0N S B, £, EMEHEYLMS LA o TVERS L
OIZ S 5EMT 5 79ic, BEEARELK, R YBEPITT, YZFHEICHLT
45" OfET P EDHmE L,

—F 0 v Ui, RS 0.6, SEMEEE06EEL, BrHIIKER Sk

Lt

Pa—d vy FIeoWnTi, BEETRECLLIFRTH S, Jhid, FOBROEELS
AR Vs, BEECEAERAUELLBVLLTH D, K¥— vO—Hf% Fig. 4.20
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gL, ILAAEAI AL 005 202 gz T, | BEEBORKRET 1T ML T
WE, HEic4PEoBILREEREL TV,

@ w40 GTEH)

FoA-va vOHETR, ToA-—va vyOFEE FLEFVORE Yail-vs
VEHVEDFEIE RUHABEAMGRRY — v OREE, RETHE, END v -7 2T X
hEsIFEE TS, Fig. 421294 P rERT,

4.3.3 RfElEIxR

4.3.2 TRNRLET = A — ¥ a v ORG-S WT, v— VAlIKRICL TE L7, Table 4.2
IR U EENORKSHEH T = A — v s v, Table 43 REESBANOBRBREE 7 =4 -V =
v. Table 4. 4 IC3EEN ABFELOF £/ VIRE T = 4 - v 5 VOREHIZERT,

Table 4.1 Attributes of pixel file

T ANBEMH | La—-F - HA4X | Tays YA XL 7?4Wﬁ%4

FB 640 6400 PS
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Table 4.2 Time table of the animation of curved pipe

N o yo—- v & BLREFR] ()
1| #4rn1 38 8
FAIN2 [¥Iab—va YHROBE] 24
3| &4 b3 [RROME 6
4 | X oH# | 32
5| &4 b4 [HANE —EE- 6
6 | UFEZRBOEN 4 38
7|44 05 TEHISHE —BE- | 6
8 | UREWHE XD 40
9| &4t [EHHG —WERE— ) 6
10 | UFEY YRRy FEOED DA 59
11|74 v TREDS —FE- J 6
L2 | USEREOREN T
13|48 TRESS —WiE— 6
14 | UFEBEORES S 40
15 (&4 9 [iRESH —WIRE- 6
16 | UFEYHEYWEQRES T 59
17 |#40b010 BE~2 FV] 6
18 |#EXZ PNV 40
19 |24l 1 [=—2% % T O 6
20 | v—& —¥F OFPHK 46
91| #4012 TEND=Z—2 | 6
29 | #41rn13 TEFE-HAIFEYAM] 10
& & B 841 4%
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Table 4.3 Time table of the animation of molten metals

BRESI ()

N o vy o— v A
1| #4 b1 THRES 10
2 | #4 b2 [EEBAEKA QY 30
3| &4 b03  TERAER @ 20
4 |24 b4 TEIEFEME 15
5|4 bnb  TiRESE] 6
6 | BN 6 2
T|#4 w6 [EER] 6
8 | ST 6 2
g |#4 b7 TENDw—2| 6

& at B oM 35371H

[=

Table 4.4 Time table of the animation of Xenon-induced oscillation

N o yo— v % BEARIFRT (B)
1 { &4 bl [ 10
4 L2 (R 2E RS =L 7 20
3| ¥4 b3 THEEIEOEN] 15
A #A4bd THAWES 6

5 | MAmEAA 206

6 | #4 5 [TENDw—2] b

B 452 3%

(=]

— 28—
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Fig. 4.1 Procedure for drawing up animated pictures
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Fig. 4.2 Software configuration for simulation, animation

HLS MODEL

Lightness

WHITE
L=10

GREEN YELLOW
H=0333 , H=0.166

Saturation

Hue
CYAN
H=0.5
RED
H=0.0 OR 1.0
BLUE MAGENTA
H=0.668 H=0.833

BLACK
L=0.0

Fig. 4.3 Heu Lightness Saturation color model
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Fig. 4.4a Method for marker particle movement
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Fig. 4.4b Method for marker particle movement
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end
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Fig. 4.5 Method for flow line movement

Fig. 4.6 Camera working for viewing curved pipe
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Fig. 4.7 Transition of views of the curved pipe
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Fig. 48 Transition of views of the pressure and temperatur

distributions on the curved pipe
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Fig. 4.9 Five viewing sections in the curved pipe
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Fig. 410 Five circular viewing sections for displaying the pressure

and temperature distributions on the curved pipe
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Fig. 4.11 Camera working for displaying the distributions of

pressure and temperature on the curved pipe
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Five views of velocity vectors on the curved pipe
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Fig, 4.12 Five views of
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30

Tig. 4.13

Positions of view points and view centers for

displaying marker particle flow lines

. 89 —
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Fig. 414 View of marker particle flow lines from view point A

Fig. 4.15 View of marker particle flow lines from view point B
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Fig. 4.16a Title of the animation of curved pipe
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Fig. 4.16b Title of the animation of curved pipe
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Transient Behavior of Melting Process

Temperature (K)

v 24000 I
\__/ 18000 -

12000 |
500.0 -
00
Calculated Ragien Elapsed Time
Horizontal 0.03(m) -
Vertical 0.01 (m) 0.1350 (sec)

Fig. 4.17 View of temperature distribution of molten metals

Transient Behavior of Melting Process
Velocity (m/s)

Cslculated Region Elapsed Time
Horizontal 003(m)
Vertical 0.01 (m) 0.1850 (sec)

Fig. 4.18 Viewing of velocity distribution of molten metals
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Transient Behavior

of _ ‘
Molten Metals | Transient Behavior
Heated by Electron Beam of

Temperature

Separation Engineering Laboratory
Japan Atomic Energy Reseerch institute

Numerical Model (2-0)

{Navier—Stokes Equation)

7ou=0 Transient Behavior

a_‘[J+u.vH=--%—VP+uV’u—ﬂATg Of
u= ) Molten Zone and Velocity
+ Stress Condition '
gy _ a T
7y ax

S : Surface Tension Coefticient

(Energy Equation)

3y 9T =k
kU PT =KV

«u =10 in the solid region E ﬂ d

Algorithm

- MAC Method

- Convection Term = Upwind
Ditference Method

Fig. 4.19 Title of the animation of molten metals
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Fig. 420 View of reactor core model and power density distribitions
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Three—dimensional simulation

for xenon-induced oscilation Distribution
~in the power distribution of
Kiyoriobu YAMASHTA, Isao MURATA, Power DeﬂsiTy

Hroo HARADA and Ryuichi SHINDO
Jepan Atomic Energy Research Institute
Takuya TSURUOKA
Nuclear Energy Data Center

Principal parameters in the reference reactor

Thermal power 5000MW
Core
height 16.2m
diameter © 82m F I N
Fuel Low enriched uranium
loading Homogeneous
Moderator Graphite
Reflector thickness
t%p 10m
side 10m
bottom 10m

Code System

PELIGHT
Production of Groupe constant

¥
CITATION-000VP

{ Vectorized CITATION )

3D Simulation for

Xenon-nduced oscilation

Fig. 4.21 Title of the animation of Xenon-induced oscillation
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5. fFHEHERFR

B7 = 4 — v a VARSI L RH BRI D W Tl B,

Table 5.1 214, %7 =4 —v = v OVERICER L BIEEOR, EREKCEP LIGHR
ﬁﬁ,%7:5—V97®%@ﬁ@,&6VTR«®ﬁ@mﬁttﬁ%%§tbré%o

- @ Table 2 BT L0 B4, &7 =4 v = v OB LG BB E, LB
SRR D 5 EHEETH b, < OMEBE, MEROKFARICE > TRESFIL
@1ﬁ§tb®ﬁﬁﬁﬁ¢,@®Ebbﬁm;of&i5%¢@®ﬁﬁ&ﬁﬁﬁﬁcrm%mé
T%%o%cr,ammmv:JTwnﬁﬁ%énfwéﬁm,7:x—vay®ﬂﬁmﬁm
ﬁ@ﬁ%éﬁénu.@E@ﬁm@®ﬁ&&ﬁmomffﬁt,+ﬁﬂﬁﬁb%iftﬁﬁﬁﬁ
EHHENETH D,

t 1, HIFEAORHEHIcbEE b0, BEDCOMS 3fthw 737 1 » 7 A
ﬁ&f@@%&m#ﬁmﬁ%ﬂ@méoVngéﬁmﬁlﬁmﬁﬁﬁﬁn,Ui%@%ﬁﬁﬁ
Wit 237 B, AR B 2 SR O BGEERT (2K00) TR I0®, SHimd 2
Fot e VEBRIFTIE 123 BAE L, CoOTiR, TR, 1 SORERRRICL
T 11,3 RO BEGIEREEI S S ETHE D &V H T LT D,

CGMS O g {ERGHEE A5 W B 1,

(1) ZEEcESE2BEVTHEL EEARVEREREER VTV S,

(9] 3 VP TEIFLESS, BEFRLENS~N PVEETITAO T,

3) EEDIS T 492 ReT—7 « AF—¥ 2 VORI, ERQEERANSTTARL -

Ny 7 7 OBEERER L TV,

4) EFFTIE COMS 2EVGAATWHLOT, TELREMEAETL 4.

ETHb,

./\".y)b-‘-—\‘/"i;

Table 5.1 Computing time for making each animation
IH H UFHE &RH RRIRAT A RFRR L
IR M—780 OR VP—-200E
Fr kB 1. 367 502 207
atREGH g () (M-780) | 1 4 (®) (WP-200E) | 0. 7 (H) (VP-200E)
B R EF ] 8531 4% IH3TH 44572 38
S B I 1 7B I 1B 4. 28R
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BT - FORHOBEO—EE LT, BB BRERESRTA T~ 7577197 A"
v ZF AEBOWTERT B EEEA T _

o —v s VLEF - 2O, BFEEESEF AL UTENORRERER, 81—
ATINES N EREBNORKBES, ROERT AFFLOF £/ YIRBOTERRTSH 5.
NS IFIDTEA—Y 2 YT, SALNAHEEROB CEREEFETITHEL TS L
ERETE R VY, PEREEA LR ERER .

S BOBMR AR T B Ltk D, T T 4 TIES S OTRER HREOFESMK
ﬁﬁ.ﬁ¥£%§%,49hw@iﬁﬁ£®~ﬂmmuéﬂfméiﬁﬁﬁﬂﬁééC&ﬁ%o
toit,ﬁ¥ﬁﬁﬁﬁmﬂﬁm®ﬁ%u§<,7;x_vay%1—ﬁm%¢:&m;0,ﬁ
75 LML~ DERMBLEEN DT bbb o1,

AT = A — 2 VAEER & - TR SN A ELTER, ORI L TSRO ERTTE
AEZ AR TEALEZ bDTHY, SHOT =4~ a VMERRKEUDEEL 6N S,

COMS ORI, B cBRAsr i DBES L TH B, WD T T4y R T
9-2?*V3VTH,%@ﬂ—Fﬁl?-T**f9$+%%ﬁﬁﬁﬁﬁbk%@ﬁ7574v
g R ety b — R, FRICEDE, BT CEE TOBERERRTA SHKICE -
TETVS, T OEWKTCOMS 132 i8R, BEHIERELSEY,

FAEEEERD T = A — ¥ 2 Vbid, BABHEREELET 58, R3E0RKICKALT
DN RbIcEE RV, BERtEE Y s T, BRI 57 4y ST -7 AT~V 3
VOBMAAELZTED, S%s HIHERREORBILILIEANSTETS Lo

ROBEMIC BT AREL L TREKRO I EHEET 0N S,

(1) ERCOMGILAEHEET 2RdOY 7 by 2T/ - F o= TRIEEHET .

(9) BifCERE A SR LT A FREE S (RAICHVL CGMS TIRERES)

3 7574y AIHEE  PHICS 2L, BEBEOS 57 v 7 AEBELTY 7 MU=

TAEEHT 5, :
) PEEERBO Yy —P{LETD ERO LOOBAZRED o
(5) Bgfb=—XEHoET,

o 48 -
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A7 =A—a HEROLKICED, FIVIS & VTR OfEH, RO VP ZAHcEHEER - T
Exg LAEHE WYY 27 2 BoRE, i, EEERRCERORERLET, I,
Hr OBELEHS A0 E LS8 W IEoTBEERR Y 2 7 2O ERICL & D EHE
LEd, ‘

USBEDT=A—a YERICH D, BIEEER2REL (HE LARRTHFRAED
DTSSR LT, SBEERT =4 —v s YERCH D, BRI -F RUF-5%E
UL CTEE LAitE e v 5 — O IZBRERCBRE L3, £/ YRE7 =2 — ¥ 2 VIFK
ki, BUEEEEEEAEM L TES LA TYRBRMArRHEoL FEFRLARE LY
¥ —OFEBEHARICES L9,

Z £ X W
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3 B Bk, FE fE% ; A% COMPUTER GRAPHICS, 15, p. 122 — p. 128, 1987.

) 7] #E,WE

G) VIR xT 7oA F —REERBEART 7o 7 5 4 SCRYU fARUIHE

6) . Kaburaki, M. Yokokawa, M.Seki, T.Arisawa, “Numerical Analysis of
Tranéient Behavior of Molten Metals Heated by Electron Beam,” ASME Winter
Annual Meeting to be held on December 11 — 13, 1989, at San Francisco, U.S. A

M FM Wk AR EEF,; “3RThHETHE= — F CITATION ®~<27 b aql”
BAEFH¥SSE 27, No1l, p. 1047 — p. 1055,

(®) TRy FIE Ak B, €3 T LA 7oty F CAP X BZHEER. JAERI -
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