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VISUALIZATION OF A 3-D FLOWFIELD TRACKING
WITH MULTI-LAYER STAGGERED GRIDS

Jing-Min Tang and Ching-Ching Yeh
Department of Aerospace Engineering
Tamkang University

ABSTRACT

To interpret the highly complicated 3-D vector field, a computer program used for the visualization of 3-D vector
fields was developed. In the study of flow ficlds, streamlines are often used to depict 2-D flows. However, in a 3-D
vector field, lack of depth cues hinders the correct interpretation of a 3-D streamline plot. One way to overcome this
limitation is to construct a narrow ribbon which is everywhere aligned with the streamline and is rotated abeut its axis
like a rigid body 1o indicate the local rotationality of the flow. Instead of using a streamribbon whose edges were laid
along a pair of streamlines, the streamribbon in this program was constructed by placing a strip of polygons centered
along a streamline, and orienting the surface according to the rotation of flow. The rotation of the flow was indicated
by the twist and shading of the ribbon to simulate its appearance as though it was illuminated by a light source placed

near the observer.

Keywords: Unstructured Grids {Tetrahedral grids}, Multi-Layer Staggered Grids, Particle Tracking

—KE

EFAARRIAGFBAMELHATRANKABMN 2
WEAEHhHABEAGRE - AR FX L  ANET-HERA %
TRk A LN THELOAEHA - XA L - WY
ATHFAETRAFHEEAM —HRAEY (scalardata) > —A k¥
#H (vector data) - BB EATEA A FusBio= 0D
BELAAFE - R RETARAFTOEREHF UL NE - R
HERMEL—BERPN - BTARBEZIEN -

RHEEF—REARBARATREN TR RF G2
RE—Hznah BT MBLRBEASEHRRLT - LA
S L ES WAL ES L EX EEE LS 2 RIE S EAY )
#wRFEARE R EARMESEMEHEELTRAG-ZRE
Azdh FFERBLE - RTUNBLBAAT HRELT
# 8 &E -

~ MM BATELAE AP - REA A b IR T2
ISR TR - U FEPTHHIRATREEHRTAY
(D Koy At HERaeR - (2) HEABTIK
B E R (3 WPv=d/dt R FI LT A DR
BER AR BEARRLUAE L -

FAHMM LA AR N ASE T TS sk
LR -AEAGADR TN AR TEEDRFELAST
AW LBPRAARAAMNUNER IR AL ABFORAKRA -
BEzgnEEc T EREHARN  EREELLARAELINE -

BRABIME B THEAHE —~ BRSSP UMAAS
AR Bl EX-E T I0ES R 2 F FoF-F 1.8 3 30 ¥
ML S PPHyE - AABTHARARENHS -
EEPLRB ke A (PEPLHAN) THEH-B
HEARRARRSFHLER LERNEL IR LB 2R
Rt (vorlicity) MYz &g -



AEWMGAAMAHORE T MRLEORALEEERY -
MR - SRR SR AR
HARWHIS (Structured Grids) PP TR B MR E L NB2H
Lok - REND - AR Frasd A - SasRAY 22
SREAFZ AR T ERASKEAMENTRARELH SRS
EZ S REFIFFS N EEEE T €L B AN J ]
( Tetrahedral ) 2 4 S 3 M ( Unstructured Grid) A) 7 50 ik i —
FRHGMM - AR BEMEGERE - MRS
g ABENG RO RE B - BR-ENSAFERNR
TR N ] — Nt R AR .

bR RSN ERAARE A AR LIABR R
ARYN AN BAFHEMREBZGRER LR A -
S P w S A N AR B T RN A Ok -

=~ XB e

R frikdd - Lk @434 (Stream-Lines) » 3
# (Stream-Ribbons) r R & (Stream-Surfaces) ¥ -«

1. i (Stream-Lines)

o (P TR T SR SR ) — A
FRRAEAL R - CAERBETRMMEEAFOFE &
HATMAGE 2 S T EFa - RES R TR
P XSRS  FESR L - Bk -
PP N2 M - HERR TN BFR R BT - de
EARGBHAME LM W TASHES 20X Ehd
FLIFRE LI E R RRIE R T X
SUACH b £ KL R 2t RS KA -

2. # P (Stream-Ribbons)

EROBETRLETF - RFZEEMR—mE 2 BP E PP
B0 bk MR R RE M - B T AATALMS MR AR W e 5 Arrott
METES S PEC T EX FMELENE-L 2R L I & X 733
(CEE 3% 3

Belie [2]% £ dm 3 ¥ e 4 M2 B B ( point pair) o 3% A 3%
T N AP - Al HRYRE ST
B AR Rl o T RS AR R Y
DT RAM L A PR - 2 E AR AN AR
EREEN AR 2 S A BHUR RSP TEPHEN

Volpe Bl b M A G B4R RSE A S Mk —kMEHPF - &
i RFHREROARATHET R AT WAL -AARYTE R
LERBx -

Darmofal @ Haimes [4) + Ma #t Smith [5] + & Pagendarm [6]4
—AMRAR LG E AR TR AR R R &
ALMARREARE ARSI &N AR (Angle Rotation) -

HMUPRAABRNABRATEELRIOARTUERRY
HEFORREL ERE AR LA LR TR TN
,& -

3. #%® (Stream-Surfaces) :

EFlAEE-BE-—BHEERMARBZ AN AR Ed—
PRl EE DI T EL AR LEF L2 E& Sp 5 3 BEVET- 3
TREBEMRHATHEAG—SREFz dRBEAT - ZFRABR
HBREF AT ISR RN - W - RN kit
LA F T PP EL 2 E K

4 Hultquist [71& K F 2 HA - SRRz ti S
Hdz Mk SRS RSB SRR E SR RIR
B AR TR ol - AR RNl R
FH A AN Krueger [B]# s T — HFMA A 4k - & 4
VideoDesk * A PHFATA @I ARNE » TEHMZEMA L
SR E UBER L NE - MARETENREF E L Weston [9]
&% ¥ 145 i, - Helman & Hesslink [10][11]& Eder [12}4F $- 3 & &
HEZXRERFEAZHE -

EBZEBHOTRILY AR BERERLARELANH
#5 - Shyh-Kuang [13] B #4 F Sk -2 40 - 58 80 FE & 3k 45 0 0038 2 S04
S FE DHAEREFBLHE - BRAABHATZ AT
i ~Shyb-Kuang & T b2 2 A B AU A AL - AR THAS
1 ¥ T 45 48 i B & #% ( Canonical coordinate ) & i 47 « ML
& ( Physical coordinate ) -

EEARF B TERABRERAH TR

o  LmEAER(ny) PEE-RTEMLREL

o AEAGMEZEE -
® HARHREINARAK(ERL)
¢ MHUTZHMERNES
o btz AYET-MzaE -
W OERARRATZSM RLEAMmZHYN -
W OB ME L
B OEBMEBSLZ @K
HH OGS B — A R AT ER
ERzASRRFAETER
E=T*%+k, (2-1)
AeiawRERaR =[xy  I=fncl Arrengm
PrpaE-k ARSE-BARALE - SEHEER T ER
LR T HP AT WY 3T EEETIEY' )
BT - st - MR A2 A R TR AR T o E R
HABWEEN - A TR RN TR RS
Ea(l-f-n-CJeT, +E#F +neX, +{ * 5,
W AERZABTATS
7o(E)=(—g-n=)oi, +£oi +noity + 4,
P CERE Y F Y

%t{:ﬁ%:fﬁ(f)ﬂﬁ'@

(2-2)

(2-3)

=T -(B*§_+E)=C*E+E
(2-4}
L b A o Sttt XA ¥R 4 fP2 Runge-Kulla method{ RK4 3+
4 Shyh-Kuang Bt R F r AP LT A G HEBRESERLS
LA T EFETHEEE S LY EIE) EARY.3 -3 ¥
P - AR KPR Y TN

dg 1, _
a 1®

AFOAEHNZAR -

HRERE (unsteady) HABET  BRTEREL LAY
AL - ANRLABEARTAEER — MR BE (one sat of
gid) ARATHETEZAMBRENH  FHERAPHNEEET
AT ERMMES R MM AN R SRR A EE
P ERY X3 3 52

HRERE LB R EZ 2 -TER » David N. Kenwright
#¢ David A. Lane [14]18 & % % — £ o9 w9 & M (tetrahedral ) JF 8594
WA M AR A b NERE 2 e R Fe ik K 9 -

R doim muEs s A s GBI (hexahodral cells o
EFREEFHAR I AR —RAOHRELToUE S
8 (olo)  BXENEASOFQfeRina TR T
o T3 I

Feotmib i TR R LAY R R
MRAMESIE S — 3 LB 2 A A dy TEREL 538 X 9 05 R HEHk &
M mAREM ARG RERE - L P NSRS
A hELAEERFRELE (multistage method ) 4o
Runge-Kutta ¥ - £ % # M & ( multi-step method ) 4o backwards
differentiation ¥ -+

Ao HBAR A -FUHR SEBRFITUuGRTREE

1. AR R—AFzE () -
2 AELSERIOEREL -
3 (it Bad - HABNRMNR) HESR ¢
Sk Rl A
4. mEAESAGARLen(xy )2 aBaE-
5 AcRARUEIETFARMi A B2 NAE -
6. Mkt - FREKAME | HELME - $
AT ZB1E -
7. FHM(Z)~(6) 2 HFMATERETRMESEEEN
3333 EX £-1-J580F 3
Akt - GREM 4 M2 Runge-Kutta F 5k B S8 (2)
~(4) ML TR IR KL ARt T R R -
£ David 2.9 & M8 & & F & natural Z 4% ¢ & K (£,7.0)
TR R AT A AN

x(g,n,{}=xl "'{xz_x:}:"'(x:'x—l}?*'(&_x:x

(2-5)



(2-6)

PRANT - FEAQOEME+ L ~Hxzhninlc, .z, )
MRz L AE RS

E20 g2l £20; 1-E-g-L20
@7

vk A EnC) R0, ER—A%A - B AR -
b ER) L ATUR b T 2ABF Y - SMAL TR ANY
wEF -

D EREBTEEABLIESNRENL B -HNRLAR
Temporal Imterpolation sk A LfaMLRERMRAHEKEZ M
IR ST MAEE ST DR AT PR S ARET Y.
> Bk

Hyx = (1"‘7}‘:'# + '5":'.}',1 :

Av S=l-t ). 1) (2-8)
DR E& 5 .0 2 o L ER-AON T
)=+l —m E+ b —udr +le -w )« @9)

# David z MW - SEMBm A A -RERGF
#eEHNAEF HMMEBSAIAYE-BEOER 28 %
HER M B T ERSZRIAMN -

EEAMSHRTRRSR Y-SR TALOERRNE
4 ¥ (particle’s true host clement or cell} A ¥ R &5 —WHMR -
Lohner $v Ambrosiano [15]14 3t % F 3 8 » sh b -Fm a5k
AP ABRRAREFEAGFTLFTEH

€1) + 8% % &% MIE ( A Cartesian background grid )

F RS-SRS ER T AR —ARER LT R

WMEERE (WBE) - EodGaR oMb - B E N T

£ Cx,.p,) - NASESEKMA TR ET &
i =:m{£%ﬁ,]+1,
E—)&’—y"') N,}+l

wex ~ Yomin

(2-10)
fe= fnr{

EP X X Vi s Y RRT MR - BEAARE
B N N BxyFoLbzmiksga -
¥ HeSRAEERFHROEATLLE T 2o -

R o RMEERAN I ERERNORRETES - X
Tl - i RS AN N FERAERE - B ' B
MEEEASAL - MAES-XITAE RO ELITE -

(2) $iE 84k ( Tree Structures )

BN W = 5 oF B B SR A IR - R AR A R
A - 4o quad trees (4B A) ¥ - quad trees 7 & & LB F K eh
EF MR %M Domain (&% F X% d Domain) - HREN
O - AT 2 B - F T RN e X O A A RN
EE -

{3) stz MMt E (Successive neighbor searches )

FEmMBNEEMASREFrRAaRmEimt T ST
TR edBEMES ER TFHANERERF - AWM —T
EOMIBER EHNBEARTFLRATES MAT-EREN
o LM AT RN R RARARE - LAl KR K
FReMEABFZBRMEFFASZR - F—FORAR-#E
HERU AR THERFE AL HEFEPERVELSTEL
{ veclorization ) -+

AR FA (2) A #ABTHANBRG r 2y
EXRVERRDANEE RIELETIFLFIBRE AL - B8
B E—% 5 NM¥ (Stagger Grids) Fik - A TahaEn
B AN TR RN AT - FHK -

ZoRTERMANGAMERY

SIRFEmpmagER

BFEREARTRAREGA L -2 AMMNARERNT A
AT RMAAITRZBE - NSO RE LT L AL BB RE P B —
A BB MR F R B B ISR - AT R AT

BFLELERMENA2ERSE ¥ ¥l - RTHBRLY
ETOAR - - XEH D r FAMAFHAEETEEDE
FE AT ARG - RO ETZRERGEFR: (1) AXE
BELALARLER (grideell) - (2) FIAAEE LS
AEE () Hr2RRAULARTLBHE KRR T F A
Pawmb 2R E Bibbh4Xw@sd  rARELAR W
FOzRBE-RP (1) 4 (2) 2 AR mFLE bk
L GEEE LS AR LR SR Y SR £ T T R S
HRE BARESASSERL - FHHTRAALIL 2 &4
eyl £i B -
BEREGEERAH KRBT SFRZAEBRRIRE
hEBAARAERBIRG - FREAR L IHIAETRBAL -

ERNE-Ei§ ]

FYEST TETLe SETERFT I RS T EE"S ¥t
BB+ A RMME P & F & natural ER TSR {E.0)
TS RBTERY LT

A d)=n+le -x )+l -+ -xk -1}
KRN X - Rz A PR,y ) nE RS

4 1 Ay @2 A X, X
7 =F Ay By Aunf¥e—h
4 Gy dyy 33| Z,—ZF
(3-2)
Bt o=@~y -ro-E-z X -0
ay =(E =5 X —y)-(m -z XKp~»)
ay =(E -z X -yt (F -0y — )
= (X, =2, KEy — 2, )~ (X =5, Nz =) °
Ay =(X%, ~ ;X2 -2, ) (g —x Mz, —2) *
Ay =Xy — XXz -2 ) - (% = x, (2, —2,)
a3 =¥~ Xt —x ) - (¥~ VKxy - %)
@y =¥y =~ VXX — )= — 3 = - %)
ay = (¥ = X — x5 30 = a0 - xy)
V=(xz‘x1)[(y;‘)’1xza_zlj_{za"zl)(y4-)’l)]+
(x, "xl)[(y:l ~ Xz, — 5}~ (2, - 2, X ¥, _)"1)]"‘
(xe—5)lrs X7 = 2= (22 = 5 Xp~ W)l
LREFZRF BANThEnl zinlEnFriadmal -
AR XS LT
£20, 720, {20 1-§-n-4£20 (3-3}
s MR )R,z A - BBN-R2 2 & <0
ATRFZARTRL=02F&: <0 AFRFZABHER
=0 Z P& (<0 A FTRTFIAMTBL=02F&:
1-¢é-p—¢<0 ATFRTzARFAHA 2+ & FABIHELG
HAFA-H VEATRFABE R -RFEHLER (WX -
FRNEREPHERT —HTERARBEPH - BAEA
BHEraHBE - PAS AEGRE - EMSIEL T2
HrAhEEYLE PRR S 2w BRAANARKKE P fiAni
& e
YR E—RE PR LS PRI OGRTHEKE DL &S
ARETHE - ERPBERY - AHE (33) Azonkl - H
b AePR oGRS i RS P M P RSB 2
MG BARR2 X, V,Z2FEFERA (32) X - 2P
LREFLGALwERZA FLEFFRL MARE YR LR
SMARPERERKL r RE (33) AL -Kn B
— NG P TN N —RSLERPIMAGER - G &N
MR EN TSRS A - AR TAELZ MY
Bt Nl kA ETE Y R
ARRARFRRTAEALT L AR ER
1. ARETHErA RS IR HELETARBK B
o BFtAEER AR -

2 RERBEPEAS HMApAiAASTaRMBER
Mo Akt R Rk ML EHAR



-

3. EPRaELR Bz RE - REABIER
PRESSPHIOHBAE - HERERNEHEE
BYHS4568 - ABLPRAES IR NI ERS
FRANEIRLEBFHAANE - KNS A F 2N
{ Multi- Layer Staggered Grids } 2 o% 4 u{ 0 {634 5 - &%
g B

X 61 $ R M35 ( Multi- Layer Staggered Grids) + df+— > 4
BAREHITHEOAS AELEALSPREAN — S M FPAL
S P LCE B RR L Y RS R E L FY YR R TR
HEX (PR+=) rZ48EN N2  PEELTE-FWiE
RN IPTH P RL2FERKRARDEE -LMEZHNE
W SLEEE - RS E A E RS
-2 PO IRE-T & S F-EI EEN P Y FX S FE
Bl EUBNEERET - P TEA RN T Gk
BBt ANEINERHREEY SRR T E TR -

12X KA AW
AoEBMALRRMNIEP - EH

T‘(‘f,ﬂ,‘;)=“1+[“2 _“1k+(“3"‘1}7+("4_“1k

V{‘f:'ﬁ";)="‘1+("z_"1)=l+("s_"l)7+("4 "“'Jk

34

WELL) =W+ “'z_"’:k+(“';"“’|)7+(w4_w|)=,
# &% P B @A - &£ £ MELE EARE R $
Upythg g, Mg V¥ Vi Y Wy, Wy, W W, B B2 i A2
Eak-
KRR 5. ¥ 9

AnEBmMET RIS EZH N TERTHIIERGH
X an
§=wd¢n (3-5)
AF raFeaal - vARTAFM i E2RE - AFaly
T AT S
e+ ar)=rle)s [Vrlele)e -
(3-6)
EREN-F-3 R % 4
ARMGRRT ARG ARAPLEREE THABH
=)

& -253) 67
it

i+ a_,r:curiﬁ') i= .

o

AT BERZAK -
3 L EN § 4

HREESTORRES WS AP ER (panel) R AHS L &
Ao BRI EOANBEERANTHHCRIHS - EEMNESL
AR N FRNMTITEGIEM LTRESHEMERS
L 32 E RS TS LY EYEES EE T Py Y
FREY - SR 2 - B IME (stereoscope ) Z WE R A48+

VAR TR EX L

RHLABZBBTEREHEZIAN  FPrREAT &S
EPHEARRAR LERP T CATEOMNSEEFR TR L
BEZHSE - ABBRESHEY  SHEL R RMBEERE
B-CETFERBBRHY 0 -EHA LA Al d S
~H-BA-ZERFEAEHTRAR AR (FAFH
WELRR) P THEMAH 2 EERL BN ER -1 T Ak
BE-BAREZ I BGOF AR EERENN Lk MR F Y
O — R SRk -

HERED FELIRRERASER L v S AT
B-AREANARE RN ATRERENEPEE (B+2) -8

Bamet (PHEMPEREEZAM) MRz E  THILL

BEENGFARIENTEEELR B xR E8-H

~BAR RO Bz ERERASARS ST £ K

ERARERFeRAELN S vl FTHIRBE BEAT  £Hm

BETHBAXMBEBHEZBE RN R ARy

BEFTHOLTREEAARBI L A TRES G2 NEE

L XX

AR I EIEBEIERRBLIEETERAL b+ - £ b

b=(b,.byb,) B d=(d, d,.d,} - MBS & fr Ria B Wi § A

EzEMNERFPEREIR - RPTARS

P=F'xGlaH ' xWrxHxGxF
APFERSERLELRE -

100 -5]

_fo 1 0 -,

oo 1 -s

¢ o0 1|

_ 5]

x

b

¥

b

4 1]
EMGLAXNGRERAY z Wt O=tan (/) 2 M -
(&, d, 0 0

1|-d, 4,

G=—
vi 0

(3-8}

Fz

L2 — I = R
L= — I =}
L= I I — I~ §

0
d, -d, 0
d, d, 0

v

L]
-

L

Gl=

< |-
T O oo

i)

[ 0 0

APvi=d’+d}  RAENGENMLL cZ FRE -
M2 EARENRy Wt f=tan v/ d ) 280 -

o Q @

4 w
Ak wi=vird ed +d +d," - RELSRE  RMNLE 2
WL FOPH#GeF 2 e AREL 25NN E RIS AN - th
~BOmARAG S AREMMENRERNAR N L8 W s
cosg sing 0 O
—sing cosg O O
miranEx . w= 10 TF
0 Q D1

ALEBERUEBREGR T - GTAF 2N RS T
RErFEmuE -

LR X1 3 )

LHRRF L YE BB E AP TR AIKL
METARZFE - AL - S HUPHATREARH2H
& BB ERERAEOUERT FERERREME Z LB
E-EAR ARMTERFEACAZARABAZIAERIN
FRARE2zEH ELENMRAARATRHPLI® (EE1T
Z] RO EETELLEDRAP AR AEATRARER
TRU-—GEEPALHE LHRFLAMEEROE (BT
z) -

REL&ET  BRUBPINEEN - LEM %R (reflective



cocfficient ] M MAGHLETAR - RS2 herinsgdy
(absolute color } r #4€ & & & A Z R M3 A7 X = &4 % apparent
color + E it  apparentcolor REM A - AMARRBHEL S EW
WA AAERF AN TAFEARRERAGE HEMA
AMNEHRE - ERZANMALAREAN (Difuse
reflection) 2. Lambert’s Cosine Law » N %, &

Ly = R*(f, #(1-1, ) cosp) @9
EF T EAEBZARE - OB AMA [ A MZRFILEE
B -uBSMARR - REAMELF O mAPERBZEES @

# 4ok > M oos@=m-nilmln) « Bk -

Lag =R 1, 2 (-1, )% (m-n}m]n) 3-10)
X |6)> 90" Ml hin 2 EBAK B AR  LHRAME - IR
RAERRZHE - F|P]<N - HEAHARAH N LDErHZ

ik -

ITL KRR PRS- B EAR BN
BAFEEZHEMREAREHRARCHIBEARAR -
FhmzREARY A TOALHBHEBRAERX L -hiRLHE
PR AR R 23T PSS RS Y YR
¥ BIR &M constant shading i X, + HMT R Z RéE— B -

123 8L EN

R AN EREAEA R LA RGP TAER
It RS IR FR R TFOERARAL N2
ZHEd FPER - BEARNMEAZMMELSEERE - &
F R ¥ P M (central projection) - EHNRBR T LA BHEE
EIEYS P ARSY P ET B ER LYY RS ¥ Ly
ZRLAE P AR M

RMMERNARIBA L AR LR BTN AR ERY
WARNAMMELER - PP H B (absolute coordinate )
#h 3 3, B 3% ( eye coordinate system ) « A F 2 A LI R (FEN )
HzhSl (GER) - ARy Bl (HFER) - RBERE
na E) -zaxtqialp,.D,0,) o

a -E

¢
10 -E, 10
01 -E,
o0 1

3-12)

(= = =]
T o oo

(3-13)

—
=]
L]
=)

oo

wi=vled} =dxz+d_1,1 +d,}

BEFGH 2Rz A TARBZYE S RMIEN =
BER{FARTLER) LR FHELENEEDILYE
H-ApkFTaStRs

Zreen = ~XBVZ, Yy =—¥d1Z
dARNDIRHFEMZER

FALH RSB HAN SR L ELNT AR ZEH K
MERER R AEMSEREN 2 -BRANZEEN
* (pixel) BEEGT + R LB PHERRANGLERELF —
LREEI BB LEPREN R F 2 EPATRAE - R RER
z ¥ E (z-buffer) ARk PN -

MR- F R RGO —FE D (hidden surface)
AR FE-EEMBMHE S ( Fame buffer ) ¥4 65 — 2 1§ $ 3t 4 -
BEEMEnRNETERNSERLANOELARE BB E M6
BTERINLABEMATREAGRZFELE (FrpER) h-#
Bz R2Sm A RIS R LORARMNEZMERCHAR:

(3-14)

BEZER A - R A M A TIERE
ATH - LN GEAT (B8 BE) TABRMEEAR >
RS LA REE RN GIEREEARBERSA-NIED
BRFEAMAEFEER R LR AABREETREIAR =
SEBHsaEATlE (Atw) -
BERmE  RRIMKEEFSETARSOBROETHES -
1. EOEESAmAaMeHaLTLE -
2. BR 2 BEENSENOTERES - B £4F
3_ -
3. MASNLNMKAEEHN -
. BHEMAER z R B -
5. XMW Rk MRERHARES-EZX-R
FER IMEAREMIEREN -
T ALEEST SRS N EES F 7 S 5-2 1 10
MMEREFFBRLE  c KTREBREPZ RS -

W AR

gz TALERA T - TUAMRE-R+ L ER2aH
RN ERR GBS T RN AR R TRy - RN
RARE—JEHAY  ERARAB [T FRELTN - M Tk
Bkt (A ER) AR TRMAOFE  HAELY - £EH$B
BAEE -ERFBEEANSYE  MIESHEEE (nEM) 2
$r TR B - B AR N =
HETHA PR F USRS N A -

AL Mmis . rer MR O TR E - R R
With ik AR S R RN  E R SR T RO
HAAmimRaENi i BAUS—FEo Rz
F IR S FEE YL BEFTEEF2 AL EP L
B F — B2 o5 -

BEEAMTHER - AR imt oyl FidR )t - HAN
WEFRANBOHNGTEEHNA A Mo A TR Mk § et
NE NSRS S 2HATSHEBEE FHLESELE
FATLABRBE LRI RANR  RELE PR AHE
FUo R s 2 T S e o BRI R L SR S M A e
MIRAELLE - KROERAMNES R dRLAPLERA A&
B-BALEEELOBT RSB EREAN A EEA NS
4L EX: )

AWM EBRT e EqK Ak A R P T 2185
HEEBEH - HAexFORRED 12 GHIEBE - Ak T
MAR LB IS yFAERI - FIBRER-0H2F 5
WMEZHFGQUEXLW0 - HF19ERE - HinB 4 X5 -Hk L F
Mg EBEA - B-RHEEMENE AN TR AORER
MEAn - —HE ARBFSEERG AR R EE
MR RS ETARPHATHERR Y M HEOE
BEATHD  XEFRBEEB AL ERTEY - ML
ERGOFED LM, - WA BRARBET e -

R o_mBRAFHRA - M E B TRES A% XA -5
R4V ZAF - A ORRS 4y FRRRIE 2 A MER
AL BT - SE e ST 849,828 s Eieid
E LHASENENPrEsd2EEHSA 3,060 @) HHAE
BohnbERR ARt T RFSLY ERENINERZRNE
MUESFPPRRAGEL Bl LRBHR X - Sfdd Fiemet
X g it EwBR - B TAERENA P2
W R A ERRERREE R -

Lo FERN AR 04k R P - 3 0l S5 MR SRS AR TE R i -
BRAEERLAAY - EX LU vaREERERTE -
RF Ao AW ARE TS  FHRATFT RN - REASERR
EER SIS E RN ¥ T L ER NN LR
A REEAZF TP ORE A RBILSRESRIARE
e Tilr FUMAH N - HAETU R - A ¥EHINZS2
AL

829

Aay—RitAEBARmA & 2 SN LE AR EETRA
Z B T RGN R e A 2 A X 2 B - B AR



ERERE L EN o RSB A E T
TEFT—H 2 AR AR P EBACEKLER Y —FEAFE
AR AR SR HE R E L2 A TALAEM -
BATIEUBUSFRIAPANAS TR - LHLD
ZHELARGREY - FX L LAKRTTHEAR NS ESZ
S BRI 18-
BREAAGEA OGP 2 ERRENRE  Fit - ik T £
FREFE AF ML FAR 2 HFAY TR
- AR - BN EA R A - A AR
AU ATHAE (database) BRMEY - B A FERF Bk
ERIEMERITHH K FRENTHLERERSO®E AR
RECEBREARE 5@ TR L TSGR T b
2T ERBRMBE—EMANANER AR KL
B BEAE TR M IR U B2 e 4 R
BEIf-ENSLENER SNz AAMEAFA OGN D
HHRZ -HERMTERE NN EARRME AL RSB AR T
HMTHRERREE XA FHE -

+4£%H

1] Arrott, R, “Visualization in Computational Fluid Dynamics: A Case
Study”, Proceedings of Visualization *91, pp. 392-397, San Diego CA,
QOct, 1990,

(2] Belie, R.G., “Flow Visualization in the Space Shuttle’s Main
Engine”, Mechamcal Engineering, pp, 27-33,Sep, 1985,

[3] G Viop, “Sircamlines and Streamribbons in Aerodynamics”, Proc.
AIAA 277 derpspace Science Meeting, Reno, Nev. Jan, 1989,

[4] D. Darmofal and R. Haimes, “Visualization of 3-D Vector Fields:
Variations on a Stream™, Proc. Af4A 30™ Aerospace Science Meeting
and Exkibit, Reno, Nev., Jan. 1992,

[5] K -L.Maand P, ). Smith, “"Cloud Tracking in Convection-Diffusion
Systems”, Proc. Visualization ‘93 Conf., pp. 253-260. IEEE CS Press,
1993,

[6] H.-G. Pagendarm and B. Waller, “Feature Detection from Vector
Quantities in a Numerically Simulated Hypersonic Flow Field in
Combination with Experimental Flow Visualization”, Proc
Viswaiization ‘94 conf., pp. 117-123. IEEE CS Press, 1994.

[7] Hultquist, .P.M., “Interactive Numerical Flow Visualization Using
Stream Surface”, Journal of Computing Sysiem in Engincering, vol. 1,
No. 24, pp. 349-353, 1990,

[8] Kruger, MW, Artificial Reality, Addison-Wesley, pp. 175-176, 2™
Ed, 1991

[9] Weston, R.P, “Color Grathics Techniques for Shaded Surface
Displays of Aerodynamics Flowfield Parameters”, AIAA Paper
B7-42125, Reno, Nv, 1987,

[10] Hebman, JL., and Hesslink, L., “Representations and Display of
vector field topology in fluid flow data sets™, [EEE Computer, pp.
27-36, Aug, 1988.

[11]} Helman, J 1., and Hesslink, 1., “Surface Representations of Two-
and Three-Dimentionals Fluid Flow Topology™, Proceedings of
Visualization *91, pp. 6-13, San Diego, CA, Oct, 1951,

[12] Eder, E., “Visualisierung ven Teilchenstoemungun mit Hilfe eines
Vektorrechners”, Ph.D.  Thesis, Fachhechschule Muenchen
Fachberiech Informatik, Munich, Feb, 1991.

[13] Shyh-Kuang Ueng, Christopher Sikorski, and Kwan-Liu Ma,
“Efficient Streamline, Strecamribbon, and Streamtube Constructions en
Unstructured Grids”, IEEE Transactions on Visualization and
Computer Graphics, vol. 2, Me. 2, pp. 100-110, June, 1996,

[14] David N. kenwright and David A Lane, *“Interactive
Time-Dependent Particle Tracking Using Tetrahedral Decomposition™,
IEEE Transactions on Visualization and Computer Graphics, vaol. 2,
No. 2, pp. 120-129, June, 1596,

[15] Stolk, J. and van Wik, JJ, “Surface-Farticles for 3D Flow
Visualization”, unpublished.

[16) Dickinson, R.R., Three-Dimensional Viswalization gnd Display
Techmologies, SPIE, vol. 1083, pp. 173-180, 1989,

o]

B A%
&
g, vertex3
. L
)
vertex2
g v, e
vertex0 verteal

W = Canonical Z 4 & & 1 2 ¥ (it oo & M S5

i1y

X1 Nermal Vector
x(o)} j 5 k e t
Etrsamine

X[(F1) N}

Bz Apsurim

7
d

Ho Aot af@oaisfEr S

\

\.

- et
i ]



B £ natural %R EE S 2 85T @ H SR

B 7 4 2D Canonical B4t A sk ¥ i M E 5 2

7 e —

W+ JE R R 2848 S Cartesian 394

B A0 Quad-tree ¥94&

Select a starting poimd for given sheamline segment

Integrate 10 determine the end point of the segmene——

Check ifl this end point lies at the orign of a
vortex,or out of the Beld of view

Ho
Stop Create the panel )
iYL Check the visibility of the point on the panst—
Paint the panel Mo

Loop to finish all the points on the pael—

Replace the old startmg point with the end pom——-/

ERE AR, E ]

Particle #

W+ mFeahtrvmsal

it
T coll [
M;RF
B+— Wi



- =
e
-
i
1
p e
S
- ~
p -
- e
o
# [
o o
- e
P ;
- ,’/
a/—
e -
- ,."" - ra
, . & <
i ; 5

W-+= #%¥#& (Mubi-Layer Grid System )

—

Surface ta darder becases of indirect Incidant light :.I/

/s ™
imaginary Hght sowrce

~Js
Surface is beigivter becaves of direct Incident light ?.\—
1

Imaginary gt source:

Btz oz ¥R AENL

Observer

Compars the depik valwe at gyt thatat  sired In thinhulTer
(IF the: new value is smalles then it is colser tn the abservergnd i visipla)

Depth buffe i array Formation

Btw dz@dEuTHMNRN

B+E 198 Xda A o528 & /0P MR % o2 th A
Chedh SR TE MY 2 d T30 3% —2.185 ¥ 8 4)

B+x RYBRE & FPH AR 2 WA



