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1 GompanrisoN BETWEEN PIV axp PTV

e Particle Tracking Velocimetry:

« Tracking individual particle PTV I\
* Limited to low particle image density case o O 0 o O O
e Velocity vector at random points where tracer particles exist. 0O 0 0 o 0
e Spatial resolution of PTV results is usually limited by the O OO o 0 0
number of the tracer particles @ e
e Correlation-based PIV: ﬂ .
e Tracking a group of particles N =t :
e Applicable to high particle image density case ad ﬁ —» N
e Spatial resolution of PIV results is usually limited by the size el vy -V “

of the interrogation window size
e Velocity vector can be at regular grid points.




1 MULTIPLE-CORRELATION VALIDATION TECHNIQUE

e Since the noise peak in the correlation space may be randomly, causing the multiplied value to be
reduced to zero. Thus, the correct peak can be easily identified.

e The location of the correct peak in the correlation space is corresponding to the averaged
movement of the overlap region
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] THE comPARISON OF VARIOUS PIV METHODS
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] THE EFFECT OF THE SIZE OF THE INTERROGATION WINDOW
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1 HiERARCHICAL RECURSIVE PIV ALGORITHM

_—
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Velocity vector at coarse grid level Offset velocity vector Vector obtained at new calculation loop \elocity vector at refined grid
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1 Resulrs FROM HiERARCHICAL PIV ALGORITHM

.WOOOOOOOOOOO
TLNODOMOMOONL
Wll ___—I._‘I_. |

H
<}
ke
£
3
c
S
=
©
)
<}
=
Q
&
£

size 32 by 32 pixel

S RLIESEI N
A SRS NS NN

B S N

750 1000 1250

X pixel

500

L, D
g &
3 .
£ 2000000009090 090 B ]
5T 5885388888883 :
ca EoOOoNOTOTON OO
5 SREIRICIFTER 12
So S S
T > 4
25 [ R | L
£ fA
gx
£n 1

ineering

10
I

750

500

B e s I e RIS
N A S R TE Y S

N NS N e S NN N A e o
S T T ]
B RENNR VAN
SN < T s

A NN NN NEWNE NN FENTE NN SN SR SN i
o o (=} o o o o o o o
o o o o o o o o o o
m (<2} 0 ~ © Yol < o N i

[axid A

250

NI IR IENNINE AVEVANINE ANEVANANE ISR INENAA SN S S

D
>
F
(<B]
Jms
(@)
>
=
L2
18 428 ©
« 8>S
] 1 <=
1 1 O
=
] | ®
o b b b b b b b b b o b b b b b b b b b 4=
o o o o o o o o o o o o o o o o o o o o S
o o o o o o o o o o o o o o o o o o o o
[axid A [axid A 32
o
[
=
=
z 1o s
3T 42 g_ 13-
2 £888338883833 - 1 S D
B S22 : g ] za 2000000000900 1
c3 £0X0YNORTOSO 2o 588888888888 >
o© S : 1 S FotonN©OOoO©ON®SO 19
= S > SO (RS RPN 1
O E cT O > tron E
83 n ' 8 ©
= © . o
= .
He o re =
ey 49 N %
£3 IS} =5 E
= =2
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1 -
;;;;;;;;;;;;;;;;;;;;;;;;;; ] =
e £ D e~ 0\ YL (@]}
e T TN 1 o
Al Ve~ | ©
S e s . .
RIS VAPAB AR S St Y - -
7T ) 2_ o~
Q
g o
B (o}
1 X
-
- i
S S e = = o
o

o
o
o
-

o o o o o o o o o
o o o o o o o o o
(o) [¢3) N~ © [Te) < (52} N -

[axid A

IOWA STATE UNIVERS!




) RESULTS WITH DIFFERENT INTERROGATION WINDOW SIZE
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) THE EFFECT OF THE SPATIAL RESOLUTION OF PIV RESULT
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1 APPLICATION ON THE LOBED JET FLOW RESEARCH
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1 APPLICATION ON LOBED JET FLOW
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1 WELOCITY POWER SPECTRUM WITH DIFFERENT SPATIAL RESOLUTION LEVELS
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] PoST PROCESSING OF PIV MEASUREMENTS
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Pulsed
laser

Flow with_
tracer particles
* First light pulse at ¢,
* Sccond light pulse at 1 +At

a. T=t0

Flow direction

Image
Y Recording

(film, CCD,etc.)

X
z
Synchronizer Digitizer
—_ e o Il[m.n]
I ax I
I Validation i E";t::::;;:‘ mg:ssmg Storage
| [ e e - === — -,
: Flow Ficld = Display g;':::::y e S— - s |
|

100

80

60

40

20

Y (mm)

-20

-40

-60

b. T=t0+10pus Corresponding Velocity field

spanwise
vorticity (1/s)

-0.9-0.7-05-03-01 01 0.3 05 0.7 09

5.0 m/s

MR
150



3 PIV Resuirs
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1 POST PROCESSING: DETECTION OF SPURIOUS VECTORS
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] DETECTION OF SPURIOUS VECTORS
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] ESTIMATION OF DIFFERENTIAL QUANTITIES

U v ow. |
X X X
dU _ oU oV  ow (6.7) 20 =
dx oY Yy Y n
[-124 v oW
87z 82 82 B
This deformation tensor can be decomposed into a symmetric part and an i =
antisymmetric part: 15 | ]
au 18V au 1 (W Uy 7 > [ —
( ox : (5% +5%) (8% +35%) s |
v _ 1(3y 4 2v) ov 1 (W 4 av) (6.8) i
ax 2 oy X Y 2 \5y 82 E
1 (ﬂ 6W) 1 (QK + aW) aw ~ i
| 2 z X 2 \6Z Y 8Z 2] >_1O a
r o L(gy —2Z) i (2% —27) I = = ==
gz D BEBE) HEEE * ’ ==
1 1 — 8V - e N —=
o+ 3 (5% — 3%) 0 3 (5% — %%) (6.9) == N
ly_aW) 1(8V _ W 0 =2 —— =
L 2 \5Z X 2 \az oY | 5 —
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1 ESTIMATION OF WORTICITY DISTRIBUTION
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] ESTIMATION OF WORTICITY DISTRIBUTION

Stokes Theorem:
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Fig. 6.10. Vorticity field estimates obtained from PIV velocity fields by the cir-
culation method: (left) the velocity field is twice oversampled, (right) four times
oversampled. The contours of this laminar vortex pair are known to be smooth
such that the nonuniformities are due to measurement noise
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] WORTICITY DISTRIBUTION EXAMPLES
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] ENSEMBLE-AVERAGED FLOW QUANTITIES

e Mean velocity components in x, y directions: R V = N v./N
U= gui /N 2
: . _ N _ N
e Turbulent velocity fluctuations: 0= \/Z (U ~U)?/N V= > -V)
- &~

TKE =2 p (@ +v"
e Turbulent Kinetic energy distribution: P (u” +v")

e Reynolds stress distribution: N
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) PRESSURE FIELD ESTIMATION

+V— = >+ ——
OX poy p ox 0oy [T

(b)
L7 @ospoce Engineering
l(_)\*\ Figure 6. Instantaneous pressure field around a circular cylinder. (@) Stationary cylinder, (b) low-frequency oscillation (S;=0.2, V; = 2)
I

and (c) high-frequency oscillation (Sg =1, V; = 2).



] INTEGRAL FORCE ESTIMATION
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1 PIV EXAMPLES

e A supportive COVID-19 study: Experimental
Investigation on a Human Sneeze
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