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A Visualization Technique of Limiting Streamlines for CFD data
Using Pseudo Particle Model

by Susumu Shirayama, Member Hiroyuki Yamato, Member

Summary

It has been considered that patterns of limiting streamlines are deeply related to a formulation of longitudinal vortex
around a hull. Several approaches visualize the patterns on the surface have been proposed in experiments and CFD
computations. It is not easy to efficiently obtain limiting streamlines owing to several issues on the conventional
visualization techniques. In additions, considering the quantitative feature of the visualized results, a certain type of
visualization error will be produced in the case of the hull that its shape is long in the streamwise direction. In
practical cases, it has been reported that the patterns of limiting streamlines depend on the visualization software to
be utilized. In this paper, firstly, we develop a visualization technique of limiting streamlines using PEM (Pixel
Exposure Method) to overcome the drawbacks of the conventional methods. Secondly, numerical errors in such
visualization are pointed out, and propose a way to reduce the visualization errors. We will visualize several results
obtained from the Direct Numerical Simulation (DNS) by proposed method. It will be shown that our procedure of -
the visualization which the whole region of the surface is visualized by PEM and the detail is explored by a highly
accurate particle tracking is suitable for inquiring a structure of the flow fields.
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Fig.1a Limiting streamlines on a spherond in a flow w1th the
angle of attack 10 degrees at Re= 10*. Particles are released
from a nose region. :

Fig.1c Particles are released from a whole region of the
surface.
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Fig.2 Vectors on a grid near the surface. Grid lines are
thinned out due to explanation.
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Fig.3 Particle tracking in a computational space.
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Fig.4a Released particles are uniformly distributed

on the surface.
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Fig.4c Raster sampling on a surface.
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Fig.5 Rendering process in PEM.
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Fig.6 Limiting streamlines visualized by PEM.
A whole view (upper) and enlarged (lower).
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Fig.7 Computational cells to inquire the error.
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Fig.8 Computed trajectories for the different
time-integration methods.
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Fig.10 Computed trajectories for
linear and bilinear interpolation.
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Fig.11 Issue in parallelization of particle tracking.
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DHERTH B, BigH S FAKES OB, —B, %&
R HNTHEES RN S NSHEFCE LTI, 1K
EOBE, F—N—a—hr&Rk5%, ZHEETIVET
DEEEBRORERBRLTNS, 1 KIEEE 2 SOk
DEIBTEHETEEADBNTH D, HEBETH LD
EINTEHED BMICKET . ~

Fig.12a Limiting streamlines by 1st order (black lines)
and 2nd order (gray lines) time-integration.

KICHRSEZ 2 RSECEEL T, WBME/E 3K
ﬁﬁ%mmfﬁﬁ®%%ﬁibbwﬂf—yé%&f
#5(Fig.12b).

Fig.12a Limiting streamlines by linear (black lines)
~ and 3rd order (gray lines) space interpolation.
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EHELTHTY, BAIN 0.01 THo iz, BEN0.33
THBILEERXDE, TOEFHEONOHERET
HBIENDNB, 842 BOKRHOETIVEE DR
SEEZBE, @D, HEVRENNDFENA/NE
<, BMNESBEABENTOWAEVNDDEEPNS, &o
T, BFEHHHCPERE R VWSS IR ZE B
FEINSNHDEEZ SN,

+
xn‘] _xn|

6.3 @HMEDOBIEN

BRAFAR/NY — > 2D —D D B THEIE &
DRI ZAKICT D5 LICH D, RRDHETIE, FH
UCHBERFETRE S BRI ER D O TEEERY
BRETEEDNY - ERAD T EMNEH L,

FIT, MHEKREICEL TREZBIVENEICES T
RRRBEDORBE TI R TOHEREIERL, SEEET
 RRETREITo TH S,

Fig.13a Limiting streamlines visualized by PEM and
instantaneous streamlines (in a whole region).

Fig.13b Limiting streamlines visualized by PEM and
instantaneous streamlines (around a first separation line).

Fig.13 IC Al L& R Y. MAKRE TOLFERAEER
ENTVB OISO TR & OBEEEABARI R
TWw3, FAIE, Fig.13b /5 &, FIBEHE O 5RER
MNL DOMDEBRICTHMNTE D, TNETNNHER S
TR, HHVRESBOFRUIMIELTND I &
OB, BIFERZATRIET 5720 DR T O H R RR
I3 < DFITHENBETH SN, KB LOTRTOD

BICHT ZENTEHOT, B2 & BEREO
BHUHENRELTNE I EBRRDFEICHRS
ERNBRENTHVBDLIENTER,

EU I BHBECIDIBRFEREROD S —DOK
M, BAMICX>TAANTI—HBZ2ERDIET, X7
LB EZN S —BORBERNTREICRZZETH
%, Fig.14 TiZ, EASHmEBRAFREERTVS, E
DB WIS ASIEIRICH T BIEERERL TN S,

CZOESITANLEDRN T B ERICERTS D

ETRAFTR/NY — > ORREZET 2 Z LASHEHRIC
2%,

by a pressure distribution.
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THs,
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RICHBTES I & 2R L. HABEDOELARILTF
HIZBEICEET B2, X7 MUVBEREENHHOL
SAN T —BOAMKRIRAREEMRT 3 L TEE
THB.
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