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: (u=Ub)
:
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f, Ub

fuuuu 21)grad(grad
Re

P
T

0divu

x
x1 x2

uv

Domain Lx Ly 20D 7D
Grid points nx ny 60 21
Time increment ht 0.001s

Width of square cylinder D 0.03m

Mean velocity U0 0.6m/s

Reynolds number Re0 1200

Residual at convergence 1 10-3

CPU time for one time step with 
ORIGIN 2000 (1 cpu)

0.2s
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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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Feedback conditions

Number of
feedback data

Feedback
area A f

Feedback
frequency

Feedback
gain

[1/s] F  [Hz] [-]
Ordinary 0 0 (0 %) 0 0.0

393 1
786 2
1965 5
2751 7
3930 10
7860 20
19650 50
39300 100
39300 393 (100 %)
31700 317 (81 %)
18900 189 (48 %)
5700 57 (15 %)
2900 29 (7%)
900 9 (2%)
100 1 (0.25%)

3.0

3.0

Feedback
frequency

Feedback
area

393 (100 %)

100

7%

48%

100%
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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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