STEREO PIV

TEAM 2

Bresson, Raphael

Alonso, Diego

Villar, Jorge J.

Rivas, Ana

Kumar, Kartik

Bosiger, Matthieu

Stereo PIV 
Aim: The aim of this investigation is to analyse the 3D velocity profile induced by the injection of smoke into the air.
Introduction :

The principle of Stereo PIV is the same oh the 2D PIV. The use of a second camera allow to get 3D components velocity. The main difference between both technics is the mathematical background used. Quite complex algorithms are used to transform distorsioned perspective images taken by the camera into true scale images. 
Experimental setup:

Stereo PIV method is used to study a fluid field with special seeding particles in it. In this experiment, we have used the next components: particles injected in the fluid tested, two cameras, positioned in different places and a laser.
The particles used are choiced for their characteristics(density, particle non-volatile, non-corrosive, chemically inactive...) In this case we have used fog.
The cameras can be positioned with an angle of 30 to 60 degrees from the direction of the fluid. The best position is 45 degrees.
The greenlight laser creates the light sheet needed to illuminate the seeding particles
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Statistics vector map: 3D Vector Statistics, 67×60 vectors (4020)

Size: 889×535 (-352,-396)


Method:

A narrow sheet of the air is iluminated by the laser and recorded by the cameras. Each one records a diferent view of the fluid (2D image) to obtain a 3D image computered. The cameras are synchronized with the laser to make posible to keep each shoot. However each shoot contains two flashes very closed that are recorded by the cameras. The cameras are already open before the first flash and close after the second one. 
The following steps are carried out:

1. Calibration

2. Measurement

3. Analyse

Calibration : 

The calibration is needed in order to get accurate measurements. 
The first is to focus the cameras on a target whose dimensions are well-known. It is placed where the fluid is going to pass. Comparing the photos taken with the real dimensions the system can be adjust. As much as the cameras are adjusted better is the accuracy.
The second step is to make the cameras focus on the same determined point. The view of this point for both cameras has to be symetric.
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3D Imaging model valid in the range

  -60.00 <= X <=    60.00   

  -40.00 <= Y <=    10.00   

     -2.00 <= Z <=     2.00   

Based on image size 1280 × 1024 pixels  

DLT:

0 0 0 + e 2 5 5 5 2 9 4 .9   2 0 0 -e 5 9 0 9 1 3 4 .1   1 0 0 + e 1 5 1 1 2 6 5 .1 - 2 0 0 + e 1 7 6 9 0 7 7 .5  
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3 0 0 -e 0 8 5 8 4 1 4 .1 - 6 0 0 -e 6 7 0 8 0 5 6 .1 - 4 0 0 -e 9 2 1 3 8 1 2 .8 - 0 0 0 + e 0 0 0 0 0 0 0 .1  


Examples :
Here it is an example of  the fog crossing the fluid. The software compares two photographs like this one to get the velocity field of the fluid.
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3D Imaging model valid in the range

  -35.00 <= X <=    55.00   

  -40.00 <= Y <=    15.00   

     -2.00 <= Z <=     2.00   

Based on image size 1280 × 1024 pixels  

DLT:
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1 0 0 -e 3 1 3 9 5 4 4 .6   1 0 0 + e 9 9 7 7 7 1 9 .1   1 0 0 -e 5 3 7 5 3 7 6 .6 - 2 0 0 + e 2 4 0 6 2 0 6 .7  

3 0 0 -e 5 3 4 5 8 5 4 .1   6 0 0 -e 9 5 2 1 6 5 7 .6   3 0 0 -e 6 6 0 9 0 2 3 .1 - 0 0 0 + e 0 0 0 0 0 0 0 .1  
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Image size: 1280×1024 (0,0), 12-bits (frame 1)

Burst#; rec#: 1; 8 (8), Date: 16.11.2005, Time: 11:53:26:535

Analog inputs: 1.782; 1.777; 1.787; 1.787
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Vector map: Adaptive 64 75%, 77×61 vectors (4697), 3244 substituted

Burst#; rec#: 1; 1 (1), Date: 16.11.2005, Time: 11:53:24:782

Analog inputs: 1.763; 1.763; 1.763; 1.768

The next picture is obtained after processing two images like the previous one.
The directions of the vectors show the directions of the fluid and the module shows their absolute values. However, it has to be seen that the areas that contain module vectors quite big, match an area where there are wrong results.

Besides, the blue vectors are direct measured but the green ones are the result of a sofware interpolation.
[image: image6.emf]-40-35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 mm

-40

-38

-36

-34

-32

-30

-28

-26

-24

-22

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2

4

6

8

10

12

mm

0.018 0.128 0.237 0.347 0.456 0.565 0.675 0.784 0.894 1.003 1.113 1.222 1.331 1.441 1.550 1.660


Then the software Flowmanager allows to get the  Z component of the velocity, which is represented using different colors.

Finally, we get the 3D velocity field represented by this picture :  
The colors represent the Z component of the velocity and the arrows represent the X and Y components.
Conclusion :

The z-axe velocity is much more representative than the x or the y components because of the direction of the fog tube.
Numerical values obtained by this measurements are not accurate because of some errors during the calibration step, some of them due to misalignement of the mirror system inside the laser box and others because of inaccuracies in calibration. Anyway the shape of the velocity field is as theory says. 

Thanks to 3D measurements it is possible to get quite good qualitative results, but it requires a lot of time and cost to do a perfect setup in order to have really accurate and valid results.
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