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• Time-of-flight method: to measure the displacements of the tracer particles seeded 

in the flow in a fixed time interval. 
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❑ PIV IMAGE PROCESSING
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Effect of the out-of-plan velocity for 2-D PIV measurements
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case VM VX WM N DM CR-U CR-V AVE-ERR

A 7.5 15.0 0.017 4,000 5.0 0.991 0.980 7.12%

F 7.5 15.0 0.17 4,000 5.0 0.698 0.748 13.75%

G 7.5 15.0 0.34 4,000 5.0 0.363 0.394 41.30%

H 7.5 15.0 1.70 4,000 5.0 -0.06 -0.05 132.1%

VM : average velocity (pixel/interval)

VX : maximum Velocity (pixel/interval)

WM : out of plane velocity (laser width/interval)

N: tracer number

D M : tracer average diameter (pixel)

Aver-Err: average error of PIV results  without 

sub-pixel interpolation.
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STEREOSCOPIC IMAGING TECHNIQUE
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Stereoscopic PIV technique
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Stereoscopic PIV technique
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Stereoscopic PIV technique

a. image of left camera  b. rectangular grid in the object plane              c. image of left camera

The perspective effect of the angle displacement arrangement
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Mapping Function for Stereo PIV
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Mapping Function for Stereo PIV

)()()(

i

cc xFX =

Camera 1 Camera 2

Laser Sheet

1

2

Z

X

22

30

2

29

22

28

3

27

2

26

2

25

3

24

4

23

31

22

22

21

3

20

4

19

2

18

2

17

2

1615

2

14

3

13

2

12

2

11

3

10

2

987

2

65

2

43210),,(

zyaxyzazxazyazxyayzxazxaya

yxazxayxaxayzaxzazyaxyzazxaya

xyayxaxazayzaxzayaxyaxazayaxaazyxF

++++++++

++++++++++

++++++++++++=

Z

X

Location Z=0

Location Z=-0.5mm

Location Z=0.5mm

Laser light sheet

a. image from the left camera    b. image from the right camera   



Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!

X mm

Y
m

m

-40 -20 0 20 40 60
-40

-30

-20

-10

0

10

20

30

L dX/dy

0.020

0.018

0.016

0.015

0.013

0.011

0.009

0.007

0.005

0.003

0.001

-0.000

-0.002

-0.004

-0.006

X mm

Y
m

m

-40 -20 0 20 40 60
-40

-30

-20

-10

0

10

20

30

L dY/dx

0.407

0.358

0.310

0.262

0.213

0.165

0.116

0.068

0.020

-0.029

-0.077

-0.126

-0.174

-0.222

-0.271

X mm

Y
m

m

-40 -20 0 20 40 60
-40

-30

-20

-10

0

10

20

30

L dY/dz

0.579

0.489

0.399

0.309

0.219

0.130

0.040

-0.050

-0.140

-0.230

-0.320

-0.410

-0.500

-0.590

-0.680

X mm

Y
m

m

-40 -20 0 20 40 60
-40

-30

-20

-10

0

10

20

30

L dX/dx

11.785

11.695

11.606

11.516

11.426

11.336

11.247

11.157

11.067

10.977

10.888

10.798

10.708

10.619

10.529

X mm

Y
m

m

-40 -20 0 20 40 60
-40

-30

-20

-10

0

10

20

30

L dX/dz

5.627

5.558

5.490

5.422

5.354

5.285

5.217

5.149

5.081

5.012

4.944

4.876

4.807

4.739

4.671

X mm

Y
m

m

-40 -20 0 20 40 60
-40

-30

-20

-10

0

10

20

30

L dY/dy

12.567

12.516

12.465

12.414

12.362

12.311

12.260

12.209

12.157

12.106

12.055

12.004

11.952

11.901

11.850

Mapping function

x

Y




y

Y





x

X




y

X





z

X





z

Y





The derivatives of the mapping function for the left camera 



Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!

Flow Chart for Stereo PIV measurements
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Aero-engine:
enhance mixing between hot high-speed flow exhaust 
from core-engine with cold low-speed bypass flow
• civilian airplanes: 
reduce jet noise during take-off and landing
 thrust augmentation

• Military airplanes: 
reduce the length of the hot plume, therefore, reduce 
the infrared emission signals to improve its survivability 
from the attack of infrared guided missiles. 

Combustion: 
enhance mixing between the fuel with air in the 
combustion chamber
• improve combustion efficiency
• suppression pollutant  formation

Concept of Lobed Mixer/Nozzle

Lobed mixer/nozzle 
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Vortex Structures Downstream a Lobed Mixer/Nozzle

The lobed nozzle 
used in the present study

Two kinds of vortex structures are considered to play important roles for the mixing 
enhancement in a lobed mixing flow:

• Azimuthal (spanwise) vortex structures due to the Kelvin-Helmholtz instability at the 
interface between two streams.

• Large-scale streamwise vortices generated by the special geometry of the lobed 
trailing edge
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Laser Induced Fluorescence (LIF) Flow Visualization 

(Axial Slices,  Re=6,000)

Lobe trough sliceLobe peak slice

Lobe trough slice

Lobe peak slice
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Laser Induced Fluorescence (LIF) Flow Visualization 

(Cross Sections, Re=3,000)
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Stereoscopic PIV system

Measurement region

80mm by 80mm

Laser sheet
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• Hu H, Saga T, Kobayashi T, Taniguchi N, "A Study on a Lobed Jet Mixing Flow by Using Stereoscopic PIV Technique". Physics of Fluids, 
Vol.13, No. 11, pp3425-3441, 2001
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Stereoscopic PIV technique
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a. PIV image from the left camera               b. PIV image from the right camera

• Hu H, Saga T, Kobayashi T, Taniguchi N, "A Study on a Lobed Jet Mixing Flow by Using Stereoscopic PIV Technique". Physics of Fluids, 
Vol.13, No. 11, pp3425-3441, 2001
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Stereoscopic PIV technique
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• Hu H, Saga T, Kobayashi T, Taniguchi N, "A Study on a Lobed Jet Mixing Flow by Using Stereoscopic PIV Technique". Physics of Fluids, 
Vol.13, No. 11, pp3425-3441, 2001
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Measurements Results
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a. instantaneous velocity   

c. ensemble-averaged velocity. 

• X= 40 mm downstream

• X= 120 mm downstream
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a. three-dimensional velocity vectors b.iso-surface of velocity field

Reconstructed Three-dimensional Flow Field

• Hu H, Saga T, Kobayashi T, Taniguchi N, "A Study on a Lobed Jet Mixing Flow by Using Stereoscopic PIV Technique". Physics of Fluids, 
Vol.13, No. 11, pp3425-3441, 2001
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