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Motivation: Gas-Jet Set-up 
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-in-detail characterization of the gas jet,  
Gas: Ar, N2, He 

Velocities: 100-2000 m/s 

Density:  1010 – 1015 mol/m3  

- compact and cheap 

Other possible measuring techniques 

Mechanical, Acoustic, Optical 

  

Distribution of velocities in gas jet: 
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Thanks to M. Putignano 

Details: workshop presentation by Dr. H. Zhang 

  



Self-mixing technique 
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peakpw vs. peakfreq

fit gauss

Fd  15.542 kHz 

Velocity  5.05 mm/sec 
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Fast Fourier 
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From 
Doppler shift 
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- Solid target: mirror 

- Solid target: white paper 

- Fluids: milk 

- Fluids: colloidal suspension 

 

- Jets 

 



),(
2f

nV




),(
2f

nV


 

Moving Targets 

 

 

Self-mixing Technique 

 

Signal Processing: FFT 
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Details: workshop presentation by Prof. G. Scamarcio 

  



1. Translation stage 
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Why? 
- Study the technique 

- Precise reference velocity 

- Easier to change from mirror to white paper 

 

Signal  

- How to receive 

V =0.01 – 10.00 cm/s 
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Accuracy: solid targets 
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*Presented : Conference proceedings: IBIC 2013, Laser Diode 

Velocimeter-Monitor Based on Self-Mixing Technique 
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Examples of the signal 



2. Rotating disc 
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Why? 
- Study the limitation: how fast 

- Study angle variation 

- White paper, and the distance is fixed 
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Rotating disc: 
example of the signal, accuracy and precision 
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Here presented signal: the angle 

between the target and laser 

axis was 7 ̊ 

*Presented: Proc. SPIE 9141, Optical Sensing and Detection 

III, 91412C (May 15, 2014) Self-mixing diode laser 

interferometry for velocity measurements of different targets 

 

Velocity 4.6 m/s  

Velocity15.3 m/s  



Benchmarking 
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State-of-the-art for self-mixing velocimetry 

of the solid targets: 

maximum measured velocity is 25 m/s 

Accuracy: 

the angle was less than 10 

*Results are presented: Journal 

article: Optical Engineering: submitted 

fro review:Laser Diode Self-mixing 

Interferometry for Velocity 

Measurements 
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3. Fluids 
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Why? 
- New scattering process – on particles 

- Study SM technique on fluids 

- Seeders? Laser? Geometry? How fast? 

 

State-of-the-art for self-mixing 

velocimetry of the fluid targets: 

maximum measured velocity is 0.1 

m/s 

TiO2? 
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significant ly as well. Second, if – as is usually the case – polydisperse part icles

(i.e. part icles of different sizes) are used, it is finally not certain whether the

number of visible part icles has been increased by simply increasing the num-

ber of very large part icles. Since images of larger part icles clearly dominate

the results of PIV evaluat ion, it would be difficult to give reliable est imates

on the effect ive part icle size and the corresponding velocity lag.

2.2 Par t icle Generat ion and Supply

2.2.1 Seeding of L iquids

Descript ions of seeding part icles and their characterist ics have been given in

many scient ific publicat ions. In contrast to that , lit t le informat ion can be

found in the literature on how to pract ically supply the part icles into the flow

under invest igat ion. Somet imes seeding can be done very easily or does not

even have to be done. The use of natural seeding is somet imes acceptable,

if enough visible part icles are naturally present to act as t racers for PIV. In

almost all other work it is desirable to add tracers in order to achievesufficient

image contrast and to cont rol part icle size. For most liquid flows, seeding can

easily be done by suspending solid part icles into the fluid and mixing them in

order to ensure a homogeneous dist ribut ion.

A number of different part icles which can be used for flow visualizat ion, LDV

and PIV are listed in table 2.1 for liquid and in table 2.3 for gas flows. For

our experiments in oil and water flows we used hollow coated glass spheres

of approximately 10µm diameter as shown in figure 2.8 for two different

magnificat ions. They offer good scat tering efficiency and a sufficient ly small

velocity lag.

Tr acer par t icles smal l compared t o λ. When decreasing the observa-

t ion field size and increasing the opt ical resolut ion of the invest igat ion, the

tracer part icle diameters have obviously to be decreased also. In the Rayleigh

scat tering regime, where the part icle diameter dp is much smaller than the

wavelength of light , dp ≪ λ, the amount of light scat tered by a part icle varies

as d− 6
p [3]. Since the diameter of the flow-tracing part icles must be small

Table 2.1. Seeding materials for liquid flows.

Type Material Mean diameter in µm

Solid Polystyrene 10 – 100

Aluminum flakes 2 – 7

Hollow glass spheres 10 – 100

Granules for synthet ic coat ings 10 – 500

Liquid Different oils 50 – 500

Gaseous Oxygen bubbles 50 – 1000
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Table 2.2. Seeding materials for gas flows.

Type Material Mean diameter in µm

Solid Polystyrene 0.5 – 10

Alumina Al2O3 0.2 – 5

T itania T iO2 0.1 – 5

Glass micro-spheres 0.2 – 3

Glass micro-balloons 30 – 100

Granules for synthet ic coat ings 10 – 50

Dioctylphathalate 1 – 10

Smoke < 1

Liquid Different oils 0.5 – 10

Di-ethyl-hexyl-sebacate (DEHS) 0.5 – 1.5

Helium-fi lled soap bubbles 1000 – 3000

agglomerate. Very often the part icles must be injected into the flow short ly

before the gaseous medium enters the test sect ion. The inject ion has to be

done without significant ly disturbing the flow, but in a way and at a locat ion

that ensures homogeneous dist ribut ion of the tracers. Since the exist ing tur-

bulence in many test setups is not st rong enough to mix the fluid and part icles

sufficient ly, the part icles have to be supplied from a large number of openings.

Dist ributors, like rakes consist ing of many small pipes with a large number

of t iny holes, are often used. Therefore, part icles which can be t ransported

inside small pipes are required.

A number of techniques are used to generate and supply part icles for seed-

ing gas flows [71, 72, 73, 74, 75, 76]. Dry powders can be dispersed in fluidized

beds or by air jets. Liquids can be evaporated and afterwards precipitated

in condensat ion generators, or liquid droplets can direct ly be generated in

atomizers. Atomizers can also be used to disperse solid part icles suspended

in evaporat ing liquids [77], or to generate t iny droplets of high vapor pres-

sure liquids (e.g. oil) that have been mixed with low vapor pressure liquids

(e.g. alcohol) which evaporate prior to entry in the test sect ion. For seeding

wind tunnel flows condensat ion generators, smoke generators and monodis-

persepolystyrene or latex part icles injected with water-ethanol aremost often

used for flow visualizat ion and LDV.

Oil droplet seeding of air flows. For most of the PIV measurements

in air flows, Laskin nozzle generators and oil have been used. These part icles

offer the advantage of not being toxic, they stay in air at rest for hours and do

not change in size significant ly under various condit ions. In recirculat ing wind

tunnels they can be used for a global seeding of the complete tunnel volume

or for a local seeding of a st ream tube by a seeding rake with a few hundred

t iny holes. A technical descript ion of such an atomizer is given below.

The aerosol generator consists of a closed cylindrical container with two air

inlets and one aerosol out let (figure 2.9). Four air supply pipes – mounted at

Seeding material for liquid flows 

Seeding material for gas flows 

* Tables are adapted from Raffel, M., Willert, C. E., Wereley, S. T. & Kompenhans, J., Particle Image Velocimetry: A Practical Guide (Springer, 2007).  
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milk diluted in water to 5% concentration 

TiO2 

colloidal suspension 

diluted in water  up to 

0.01% concentration 

 velocity is 0.55 m/s 

top view 

Angle 61 ̊  

State-of-the-art for self-mixing velocimetry 

of the fluid targets: 

maximum measured velocity is 0.1 m/s 
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Fluids: FFT 
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Gas-jet set-up: next step 
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 1. building into the existing set-up 

 2. seeding the gas-jet with particles which 
allows having the acceptable for SM level of 
scattered light 
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Table 2.2. Seeding materials for gas flows.

Type Material Mean diameter in µm

Solid Polystyrene 0.5 – 10

Alumina Al2O3 0.2 – 5

T itania T iO2 0.1 – 5

Glass micro-spheres 0.2 – 3

Glass micro-balloons 30 – 100

Granules for synthet ic coat ings 10 – 50

Dioctylphathalate 1 – 10

Smoke < 1

Liquid Different oils 0.5 – 10

Di-ethyl-hexyl-sebacate (DEHS) 0.5 – 1.5

Helium-fi lled soap bubbles 1000 – 3000

agglomerate. Very often the part icles must be injected into the flow short ly

before the gaseous medium enters the test sect ion. The inject ion has to be

done without significant ly disturbing the flow, but in a way and at a locat ion

that ensures homogeneous dist ribut ion of the tracers. Since the exist ing tur-

bulence in many test setups is not st rong enough to mix the fluid and part icles

sufficient ly, the part icles have to be supplied from a large number of openings.

Dist ributors, like rakes consist ing of many small pipes with a large number

of t iny holes, are often used. Therefore, part icles which can be t ransported

inside small pipes are required.

A number of techniques are used to generate and supply part icles for seed-

ing gas flows [71, 72, 73, 74, 75, 76]. Dry powders can be dispersed in fluidized

beds or by air jets. Liquids can be evaporated and afterwards precipitated

in condensat ion generators, or liquid droplets can direct ly be generated in

atomizers. Atomizers can also be used to disperse solid part icles suspended

in evaporat ing liquids [77], or to generate t iny droplets of high vapor pres-

sure liquids (e.g. oil) that have been mixed with low vapor pressure liquids

(e.g. alcohol) which evaporate prior to entry in the test sect ion. For seeding

wind tunnel flows condensat ion generators, smoke generators and monodis-

persepolystyrene or latex part icles injected with water-ethanol aremost often

used for flow visualizat ion and LDV.

Oil droplet seeding of air flows. For most of the PIV measurements

in air flows, Laskin nozzle generators and oil have been used. These part icles

offer the advantage of not being toxic, they stay in air at rest for hours and do

not change in size significant ly under various condit ions. In recirculat ing wind

tunnels they can be used for a global seeding of the complete tunnel volume

or for a local seeding of a st ream tube by a seeding rake with a few hundred

t iny holes. A technical descript ion of such an atomizer is given below.

The aerosol generator consists of a closed cylindrical container with two air

inlets and one aerosol out let (figure 2.9). Four air supply pipes – mounted at

Seeding material for gases 
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F ig. 2.14. Fluidized

bed seeding device for

high pressure applica-

t ions.

• Short supply lines between seeder and facility should be used to prevent

the format ion of agglomerates. If possible, addit ional carrier air should be

used to reduce the relat ive seeding concentrat ions.

• Frequent agitat ion of seeding system reduces the chance of channel forma-

t ion within the fluidized bed.

• The mechanical interact ion of the seed material with small brass spheres

(100–500µm) added to the fluidized bed also helps to break up agglomer-

ates. This configurat ion is referred to as two-phase fluidized bed.

Soap bubble seeding for ai r flows1. The finite scat tering efficiency

of any tracer part icle is usually the limit ing factor when increasing the field

of view (FOV) in an actual PIV measurement . Oil droplets with diameters of

d = 1µm for example rest rict the FOV to areas around 1000× 750mm2 when

standard Nd:YAG lasers with pulse energies up to 300mJ are used.

One possibility to overcome this limitat ion is to use larger t racer part icles.

Here, however, the mass of the part icles is crit ical, since for PIV ideally neu-

t rally buoyant part icles are required. A well established method to provide

neutrally buoyant part icles with dimensions around 1–3mm is the generat ion

1 This descript ion of the soap bubble seeding is based on the work of Bosbach

et al. sect ion 9.6.

* Table and the bottom right picture are adapted from Raffel, M., Willert, C. E., Wereley, S. T. & 

Kompenhans, J., Particle Image Velocimetry: A Practical Guide (Springer, 2007).  



Results 
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 Range of velocity 

• measured up to 50 m/s for solid target  (in papers: up to 25 m/s) 

• measured up to 1 m/s for fluids (in papers: up to 0.1 m/s) 

 

 Relative error depends on the angle between laser and target's 

velocity vector 

• the relative error of 3-4% in the range of 11 ̊-77 ̊ degrees 

theoretically and in the range of 10 ̊-70 ̊experimentally 

 

 Seeding for liquids experiments and studying different concentration of 

the fluids 

 

 Limitation reasons: electronics, laser properties, level of scattered light 

 

 

 Thank You for Your attention! 
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Thank You  
for Your attention! 
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Results 
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Target Velocity Error 

Mirror, n= 92% , White paper, n = 60% 

 

Up to 0.1 m/s  (limitation from the 

moving set-up) 

Less than 1% 

White paper on a disc, n = 60% Up to 50 m/s (limitation from the 

electronic part) 

Less than 5% 

Fluid, milk diluted in water at a 5% 

concentration,  n = 3.5% 

Up to 0.2 m/s(limitation is under 

investigation) 

Less than 5% 

Fluid, colloidal suspension diluted  in water 

at a 5% concentration, n = 4% 

Up to 1 m/s (limitation is under 

investigation) 

Less than 4% 

Experiment: all 

*Results are presented: Journal article: Optical Engineering: submitted fro review:Laser Diode Self-

mixing Interferometry for Velocity Measurements 
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  Optical feedthrough 

  - perpendicular 

 

 

 

  - under the angle 

 

 

 

 

  Viewport 

 

 

Difficulties: delivery of the light  to the gas jet  

Appendix 
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17.6 m/s, 51 ̊ 

 

3.4 MHz 

10.6 m/s, 9 ̊  

 

3.23 MHz  

Rotating disc: signal and FFT 
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FFT: fluids 
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Gas-Jet set-up 
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Thanks to M. Putignano; 

// V. Tzoganis, et al. IPAC2013 
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Scattering 
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Scattering 
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 Mirror: reflection 

 

 White paper: scattering in all direction, but it is not 
particles, it is a surface, so it is backscattering is prevalent 

 

 Fluids: particles: pure scattering: Smaller size of seeders, 
bigger the backscattering cross-section 
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Scattering 
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http://plaza.ufl.edu/dwhahn/Rayleigh%20an

d%20Mie%20Light%20Scattering.pdf 

forward 

scattering  

backscattering 

17nm:  

Rayleigh regime 

170 nm: 

departing from 

the Rayleigh  

Regime: some 

angular 

variation 

1.7 mkm: 

Mie regime 

Ripples: constructive and 

destructive interference 

along different path 

as the size of the 

scatterer increases, 

the more radiation is 

scattered in the 

foward direction 
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