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Visualization of Three-dimensional Unsteady Compressible Flow
using a Volume Rendering Technique

REE K™, HOKIML, HUR#SCR KA 2-11-16, E-mail masahiro@iml.u-tokyo.ac.jp
EBAMA?, HKIML, B SCRXARAE 2-11-16, E-mail kuzuu@ifpj.com

FAARPE—BRT, HKT, HAUHSCRIX A 7-3-1, E-mail ymats@mech.t.u-tokyo.ac.jp

Masahiro Fujita, IML, The Univ. of Tokyo, Yayoi 2-11-16, Bunkyo-ku, Tokyo 113-8656

Kazuto Kuzuu, IML, The Univ. of Tokyo, Yayoi 2-11-16, Bunkyo-ku, Tokyo 113-8656

Yoichiro Matsumoto, School of Eng., The Univ. of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8656

Three-dimensional supersonic unsteady flow around a sphere with an opposing jet is numerically solved and
visualized using a volume rendering technique. Semitransparent iso-surface layers are created in the present volume
rendering and a visualized image is defined as a set of geometrical objects. The image can be also displayed in
CABIN (Computer Augmented Booth for Image Navigation) at the University of Tokyo. The visualized flowfield
becomes easier to understand in spite of physical complexity of the original flowfield.
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Fig. 1 Supersonic opposing jet flow around a sphere
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Fig.2 Computational grid
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Fig.3 Time history of shock distance on symmetric axis
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Fig. 4 Time history of aerodynamic force on sphere

T OEIEE B OZBICKIG L TR Y, EHRIKEE
BLEREE 2B U7 RIS N U, AL O FEEFR I 23 HE K
LTWBZ ENRbnbd.

FNTIE, Zo &) RERELER I OEB) & LA TR
NPT EDL I REEEZ L TCWDEDEALI N2 LU FTIE, B
MRS 2 3 kG E AR Y a—2 LU T a2 HNT
FHUET A Z LI LT, HREESLERITIOEE A =X A
OfFA & BT,

3. RUa—LL2F)UTERWE-TRIE
31. LA -FvRTaUT&

RV a—b L2V 7ORME 3 RITZERER (R 2
— LT —H) BETELETIBEZ 2 RITT 4 AT LA ITH
W (LR D) §52LTHD. Ra—bL XY v
70X 3 ok OREI R BT 29 —T7 2 AL F ) v
7 LB THRNERDOEMZ R T 5 LN TE D20, 28
N OE A% 2 ot 2 3 T ICR T &N TEX 5.



ZITLUHE VL TORNEIT 4 A7 LA OFKBEHFICBIT S
Mmﬁﬁf%é#%,VVEUV7®%%ME$EK%:&

AR 2 — AL F Y TTE, TAATLAOD
% %ﬁ%ﬁ%ﬁ@& EIZE > TR AIEIZ L, fifR Eo
BERRA 72 SIS T B ZEMIE W2 2 D8 Th RGB I A #
T25LEHIT, TNOLEREMRETRETLZZEICEST, &
AN HAMEFED RGBHEARD D Z L2/ D, ZOSiEE L
A XY AT 4T E0N, K5 I2FOWEERT.

ZEEIE A AT D BEROSIE, FH LI WIERAEFOEIC
JIGU TR BEND. THROLEROMENH D KE I EFFOH

ﬁh@&ﬁ®$ﬁE%ﬁﬁ%E$:&T,%@W@%W%%
AT LN TE D, IHIT, BERURICE T D IEFROME

DAFF M ZBE LT RGB HE~DEHREZITH Z LIZLo
T, SRR L AT &, BIRENL
RIICERBT 20N TE S, £z, SRS THE LN
RGB HEEEIIBERUSEIZ G 2 DN D EWEIZIE U THRE S
D720, MIENEOBHRE R L CRET D2 LR AETH
5.

DXL A XX AT 4 U TEICHESSARY a—La L
VEV AT AT RANEETH Y, Exﬁﬁﬂﬁ abS)
LCRSBIGEATE S, 72720, —REELEMIC VARIIIEN
FHERBRICEAT 2 5E1TE, ﬁﬁmLﬁféfﬁtw%*
D500, MREREZHB L THREMEHIRT D200
HEENHENT A, FAEHERBRE AL T 5

Display
3D space
View
<+—see—oTo ~d
RGB Pixel
Fig. 5 Ray casting method
Display

3D surface layer

Pixel

Fig. 6 Surface layer rendering method

BRI, LU~ AR TR EA 2T 0T 47
WCEFET DN, EROFETIIRBRELEF T HEICTTO
LA« XY AT 4 U7 BRDESRITNER BT, SRR
”E%zﬁaté L7i=R-TZ hiff)l%bv/y)

YTIWE, RA=N—a e — AR ST T 4 7 A
— R =T EER LT —7 2T —2 g UAHN 6%'(%7‘:.
3.2. 'U‘ TJIRLAY—- LR VT

ZHUZR L CARE T, —OT A7 by T e area
%&LT%/&77747 CHIETEZDRHEEDOD 2, 3
FHBEOEDICHE S NEZRY 2a—2 L F Y v 7 FED%
BHALE. =Tz AL A — - L FZ VT EAHTBN
7= OIFEORMIE, K 612737 X 51T 3 IRTZEMNITAERK
ENDYEREMEERE CTHD. Tbb R BTN 2%
ETHN0NIZ, HOH2UDEREORE I NI OEE
[z L TR E, KRBT S & 230 5 % RGB HE %
BOBEE LT HHIETH D, ZOF1EIL RGB BRI
WHNAEOAEEFIH LT, EBEIZEh & BEE 5 mI5%
BEHEHEE L TNDE NI ZERTE, WolzAd DB
B2 6 O AL E 25 < UE, ZRNIICER Y 22 THERRL S
NHEBOELFEREMERA T V= Moz LiThd. %
TET ORI % & e — MR EFEZE R TR AT Z LR T
5L, HEREBICATLILVAY TR, =T =AY
AV TOERALELE LTRETED. Z0HOAT LA
U X503 OpenGL Z HHWTHEGIZFETE, (4T 7T+
TRRBRERENDIRVERBETEHRTEX 5.

K 7@~ —T = AL A — L XY U TEERHWT
AR EnERNEEZRT. R a2—h - F—Z L LTiHEN
DORRIEZE Wz, 20 FE2 5 70 2 H B I S E 8 3 L 0030
JEDN O 72 D AR RSB B, E R &
BEEIZ RBLTE D L), TOEEEALTHD. K 7Ly
= MNEHER], (b)IXEERREEEDEEREBRIC 72 21, (¢
VLR LR S N 72 AR AR LT D, Zhb O
B EX3BLUNN 4 2T HZ LK TUTFTOZ &N
TND. TROLWENY =y hOBHEIZESTY =y M
PHIC FIBEREI N AE R S D & & BT, WMo MR & IEE
W & A IEE B O X o TERE O FEES BN,
Bkt 5 O FIBEREIR A3 HE /N U CHRBUBD ORR & 72> T 5.
FoV sy MAEREE L CTEBNBENEEREN RO TS L, V=
> b AP O FIBEREI 2GS U CHRPIS — BRI KT 5 & b
HIZ, Y= MAEIZ K D IERFRB O LRI Lo TR 3
WIEPERAE U T D, ARGECREARL S 7= E WA & 1 8 1
XoT, EkpihOEER, FEEEEK, Y=y FOARTHEE
DIRRICABUE ST, 725, WHULIEEIREE O — AN
F LT AR L Y 7 b U =7 FLScope for Windows % >
T, TAZ by 7+ a2 a2—4% Dell Precision 210 (Intel
Pentium IIT 800MHz / 256MB RAM / nVIDIA RIVA TNT2 Pro)_I-
TREIbhie, —HOBEBARIZET HRHITN 1 5 Th
D.

4. CABIN TORRILEBDERT
4.1. CABIN Q48 AL
HRKREA TNz b e BTV T TRT Y —
BRI STV D CABIN VL 3 IR e Z2 MK 2 i3\ Y Wfﬁﬂ
FHT 272D OIEBERERIEE TH 5. T ORHIL, 2.5m
SEHEMO% T EOEL s mEEEHAZ Y — U THARA
RIABATIT ¢ 27 LA &, Y v v ¥ —REEZ =
ERERECL DN, BLUOBRE Ui ;5ﬁﬁﬁ%®
FOFHDOT7 4 — KR 7 1ZHD. BATRIT 4 27 L A2
ofﬁﬁﬁﬁAﬁEﬁﬁﬁﬁ%%@%iﬂ%%f%ékk%
2, TAAT VAN CTHRREEZ RN LBETE LT
72, ANT AL AL HEMBF MO BHBRER L AGETH
D.



Total Pressure

time = 0.000 msec

(a) t=0.0 msec

Total Pressure

time= 1.000 msec

(b) t=1.0 msec

Total Pressure

PN

time= 1.800 msec

(¢c) t=1.8 msec

Fig. 7 Visualized flowfield by volume rendering
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Fig. 9 Visualization in CABIN
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