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Problem formulation

Square cylinder
Length: 200 mm
Cross section: 30 30 mm
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b) PIV-Measurement-Integrated simulation
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PIV-MI simulation

fuuuu 2gradgrad P
t

Navier-Stokes equation

Pressure equation

fuu divgraddiv2P

Governing equations

Standard
solution

PIV-MI
simulation

Area Lx Ly Lz 37.0D 6.67D 6.67D

Grid points Nx Ny Nz) 444 84 84 111 21

Grid interval x= y= z D/12 D/3

Time step t 0.01 s

Reynolds number 1200

Feedback law

L
UVK mc uuF

uc: Computed velocity
K: Feedback gain

um: Measured velocity
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Wall shear stress with ultrasonic-measurement-integrated simulation
(Computer simulation based on flow simulation in human aorta)
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Blood flow with ultrasonic-measurement-integrated simulation
(Computer simulation based on flow simulation in human aorta)
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Assimilation Experiment for ValidationAssimilation Experiment for Validation
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Extraction process follows Extraction process follows 
the actual measurement the actual measurement 
procedure: scanning in procedure: scanning in 
elevator direction, 30 [m] elevator direction, 30 [m] 
averaging in LOS directionaveraging in LOS direction

Simulation of a vortex pairSimulation of a vortex pair

Production of Production of ‘‘virtualvirtual’’ lidar measurementlidar measurement

Reproduction of the vortex pair using Reproduction of the vortex pair using 
the virtual lidar measurementthe virtual lidar measurement

Comparisons of flow field, vortex parametersComparisons of flow field, vortex parameters

Assimilation processAssimilation process

Flow chart of assimilation experiment

Takashi Misaka, Tohoku University
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Bogus Vortex Technique

Takashi Misaka, Tohoku University
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Radial profile of circulation was accurately reproduced 
by 4D-Var with Bogus Vortex Technique

Effect of Bogus Vortex (2) Effect of Bogus Vortex (2) –– Radial Circulation ProfileRadial Circulation Profile ––

Takashi Misaka, Tohoku University

Radius
Bogus No Bogus

14

Effect of Bogus Vortex (1) Effect of Bogus Vortex (1) –– Cost Function Cost Function ––

Reproducibility of velocity distribution on measurement 
plane is confirmed

Reference

Takashi Misaka, Tohoku University
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Vorticity distribution 
Tip vortices are convected 
by horizontal wind and 
merged to one large vortex

Results using Actual Lidar Data (2)Results using Actual Lidar Data (2)

yyy

Takashi Misaka, Tohoku University

AveragingAveraging
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Results using Actual Lidar MeasurementsResults using Actual Lidar Measurements

Lidar measurements

Agreement of velocity distribution 
on measurement plane is confirmed

Reproduced velocity distribution

Takashi Misaka, Tohoku University

DifferenceDifference
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EFD/CFD
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Condition & Tools

EFD CFD

Perfect gas
Flux evaluation: AUSM DV

Energy; 450mJ
Wavelength; 1064nm
FWHM; 9ns

M=3.0
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Creating and maintaining open data and taskCreating and maintaining open data and task 
repositories is critical for the health of the 
visualization field.” 
“Toy”
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The ontological organization of visualization itself,The ontological organization of visualization itself, 
organizing the very structure, utility, and 
expressiveness of visual tools along guidelines and 
design principles. The resulting frameworks help us 
move beyond simply asking whether something 
helps by offering tools to answer questions of whyhelps by offering tools to answer questions of why 
and how it helps.” 
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VIsualization DEsign and LIfe CyclE manegemenTVIsualization DEsign and LIfe CyclE manegemenT

Videlicet = viz. (<Latin): Let one see, it is permitted to see

CVE†

VRC 3

Provenance Management

† Cooperative Visualization Environment
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Human in the Loop
Computational science now encompasses p p

modeling and simulation using data from many 
sources, requiring data management, mining 

d i i ”and interrogation.”
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nominalAssociate*
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critical points ( maxima, minima, saddles )
vortices( pressure )
vortices ( velocity )Identify

Locate
Superimpose*

exact value/region/scalar
original data 
magnitude
magnitude of vorticity vectormagnitude of vorticity vector
magnitude of gradient

vector
original data 
vorticity vectorvorticity vector
gradient
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[Bottom-up] 
Domain Property

* Dimension Dimension
* Mesh topology
* Mesh size
* The orders of fields
* :    :

[Top-down] 
Wehrend Matrix 
(1990)(1990)
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Superimpose “shear stress” (CFD) on “vortices” (EFD)Superimpose shear stress  (CFD) on vortices  (EFD)
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juxtapositionjuxtaposition

serendipity
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Superimpose “ridge circles” (CFD) on “pressure” (CFD)Superimpose ridge circles  (CFD) on pressure  (CFD)
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Superimpose “(topologically-accentuated) pressure” (CFD)Superimpose (topologically-accentuated) pressure  (CFD) 
on “streaklines” (EFD)
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Design by Example

 2D
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dt dtgdt .gdt
design directive)

Wehrend Matrix
AVS V
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• 2007 1
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Hypersonic WT Combustion WT

Mach Number 7, 8 Depend on users

Nozzle Exit 200mm dia.
Uniform Flow Core 120 mm dia.

Depend on users

Stagnation Pressure Max. 0.95 MPa Max. 0.7 MPa

Stagnation
Temperature

Max. 1000 K Max. 1000 degC

Unit Reynolds No. 1 ~ 2 X104 (1/cm)

Mass Flow Rate Max. 0.39kg/s Max. 1kg/s

Test Duration 60 sec 100 sec (or more)

Reservoir 5MPa(G), 4m3 (X1)

Heater Pebble Type + City Gas Burner

Exhaust Vacuum Tank (7m dia.) Open to Atmosphere 
via Silencer

SPECIFICATIONSSPECIFICATIONS

7

High Enthalpy Combustion Wind Tunnel
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Study on Configuration of
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Study on Propulsion System of
Hypersonic Vehicles
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Field of Collaboration
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