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Outline

» Velocimetry for gas-jet set-up
» Principal of the technique: self-mixing

» Targets of different nature
Solid target

Rotating disk
Fluids
» Results
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Acquired profile

Integrated vertical
profile
X i
Integrated horizontal : :
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Detector =

Particle beam( ) TW
T T Extraction field

Gas jet inclined at 45 degrees. > | orientation
Gas expansion direction inside the page :

K

Thanks to M. Putignano

Details: workshop presentation by Dr. H. Zhang

Distribution of velocities in gas jet:

-in-detail characterization of the gas jet,

Gas: Ar, N2, He
Velocities: 100-2000 m/s
Density: 1010 — 10> mol/m3

- compact and cheap

400pum  '4x04mm 20mm
I

180 um
30 um

—

88x10° | 11x106 1 85x107 153x10°  j27x10°
mbar : mbar : mbar :mbar :mbar
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2771/s 2771/s 76l/s 678l/s m beam75|/s
Scroll pump Scroll pump 50f°"3P“"‘P Scroll pump
5mé/h 30m? /h 30m?/h 15m? /h

Other possible measuring techniques
Mechanical, Acoustic, Optical
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Self-mixing technique

e 650 nm, 5 mW
Injtial light |m - | 1550 nm, 1 mW
< _ el : LD pp ! Signal Estimated
_? I : WP - Processing Velocity
N Lo - ! -

i ; — Fast Fourier From
MoYlng Target scqttered light Transformation Doppler shift
Which has with Doppler (V’ n) + additional
velocity V shift in f = 2— :

algorithms
frequency — N // f= 2—(\/' n)
. _ . W 1= P=P,1+mFQw.z,)) A
Details: workshop presentation by Prof. G. Scamarcio o) 0 F*D
Moving Targets Self-mixing Technique Signal Processing: FFT

Oscilloscope

- Solid target: mirror 1°220 T N
- Solid target: white paper Hii, (7
- Fluids: milk SM signa :, /

- Fluids: colloidal suspension |

PD||LD {)V

= JetS Ampllfler Frequency (Hz)
Translation stage Fd 15.542 kHz
Velocity 5.05 mm/sec
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1. Translation stage

Target:

- Mirror Away from laser

- White paper v

Laser axis o
SM signal <]— PD||LD Dv v Towards laser Y
Amplifier | ' . T
Translation stage Laser axis
Signal

- How to receive
Why? /

- Study the technique
- Precise reference velocity
- Easier to change from mirror tm
V =0.01 - 10.00 cm/s
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Accuracy: solid targets

Examples of the signal

-------- Velocity of the mirror
———————— Velocity of the white paper

a mirror as target 5.0 mm/s — Reference velocity
10.0 -
. forward movement Pozogegeseg fodogoFomiod =1 v=9.5cm/s
< . £
£ PR s ¥ I%¥ T i+ —F=—I-= V=8.0 cm/s
3 0 — 7.5 -
g @
= S
£ ] e
0.0 | 011 | oiz | 013 | o.‘4 | 0i5 E 504 FE=SFow—F I Feoodeen T —f—F— T T V=5.0 cm/s
Time (ms) %
N 10 4 >
£ V=2.5 cm/s
L 0 254 F-Bofegtosg _ii T T T —
5 ] V=1.0 cm/s
5: 0 i T " T " T " T " ) = F * Ef‘*‘f“‘f:%:-fz —i T e
0.0 0.2 0.4 - 0.6 0.8 1.0 0.0 . | . | . | . | . |
Time (ms) 0 20 40 60 80 100
white paper as target 5.2 mm/s Distance (cm)
*Presented : Conference proceedings: IBIC 2013, Laser Diode
away from the laser movement Velocimeter-Monitor Based on Self-Mixing Technique
} 6 Velocity measurements using self-mixing technique in laser diodes, 27/03/2015

Alexandra Alexandrova



Target:

V : < w
a \i -~
SM signal PD||LD [~
signa —Q— Vg \
Amplifier
n a
LD 2
U
Why’? V =V (sing,co0sz,0)
- Study the limitation: how fast N =(0,cosa,cosa) \;algatlon:
- Stqdy angle variation | o 2RCcOSacoss > w
- White paper, and the distance is fixed f =
A > a
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example of the signal, accuracy and precision

—— theoretical relative error
of the set-up _
204 | 5% level w0 Velocity 4.6 m/s
~~~~~~ o experimental relative error S -
of the set-up £
5 4 2
o 15 ‘S -20
S <
b -40 T T T T T T T 1
(] 0 2 4 6 8 10
g 104 20 Time (us)
% s 0 Velocity15.3 m/s
Y s o
<
-20 " \ ‘ \ ‘ \ ‘ \ ‘ |
0 2 4 6 8 10
Time (us)
0 | .
0 90 Here presented signal: the angle
Angle (degrees) between the target and laser
v =Avfv axis was 7°
2 2 2 oo =cot(a)A\a
Miaser = /(R + (5} + () (@) | . |
*Presented: Proc. SPIE 9141, Optical Sensing and Detection
R = AR/R [, 91412C (May 15, 2014) Self-mixing diode laser
interferometry for velocity measurements of different targets
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Measured velocity (m/s)

4

Benchmarking

40 -

30 -

20

10 -

Accuracy:
External

the angle was less than 10 caviy
T Lasercavity

I
ﬁ Scattering
target

Photo Diode

State-of-the-art for self-mixing velocimetry
of the solid targets:
maximum measured velocity is 25 m/s

*Results are presented: Journal
article: Optical Engineering: submitted

T T T T T T 1 ' ! fro review:Laser Diode Self-mixing

10 20 30 40 50 Interferometry for Velocity
. Measurements
Velocity of the target (m/s)
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3. Fluids

SM signal <}~ PD

Amplifier
Why? Nozzle State-of-the-art for self-mixing
- New scattering process — on particles / velocimetry of the fluid targets:

- Study SM technique on fluids maximum measured velocity is 0.1

- Seeders? Laser? Geometry? How fast? _m—/s |
Seeding material for gas flows

. . . . . Type Material Mean diameter in ym
TiO2? Seeding material for liquid flows _

- Solid  Polystyrene 0.5 -10
Alumina Al,O3 02-5
Type Material Mean diameter in ym Titania TiO, 01-5
Glass micro-spheres 02-3

Solid Polystyrene 10 — 100 Glass micro-balloons 30 - 100

Aluminum flakes 2_7 Sranulleshforhgl/nthetic coatings 1(1) - ig
Hollow glass spheres 10 — 100 Sr;oglg phathalate - 1

Granules for synthetic coatings 10 — 500 Liquid Different oils 0.5 — 10

Liquid  Different oils 50 - 500 Di-ethyl-hexyl-sebacate (DEHS) 0.5 — 1.5

Gaseous Oxygen bubbles 50 — 1000 Helium-filled soap bubbles 1000 — 3000

* Tables are adapted from Raffel, M., Willert, C. E., Wereley, S. T. & Kompenhans, J., Particle Image Velocimetry: A Practical Guide (Springer, 2007).

} 10 Velocity measurements using self-mixing technique in laser diodes, 27/03/2015
Alexandra Alexandrova



velocity is 0.55 m/s

>
E
Q
©
=
= .
<

-20 * x * x

0.00 0.02 0.04

7 1.0+ Time (ms)
£ os-
2
S 06- TiO,
2 04 \ colloidal suspension
2 1 diluted in water up to
; 027 3 0.01% concentration
8 0.0 += =T T ‘
=

T T T T |
00 701 02 03 04 05 06 07 08 09 10
Velocity (m/s) State-of-the-art for self-mixing velocimetry
. _ _ of the fluid targets:
milk diluted in water to 5% concentration maximum measured velocity is 0.1 m/s
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Fluids: FFT

Concentration is fixed Velocity is fixed
Velocity increases Concentration decreases
. s Congentration (pgm =mgiL)) .
_ Velocity of the fluid 0.00040
0.00040 - 9
] l L £ om0
0-00035 7 : £ 000030
] 3 ]
£  0.00030 ~ : E 000025
c | 3 3 :
=] & =
£ 000025+ & 000020
CU T % k1N DfE 0'7 Ofﬁ ﬂ‘ﬁ Of4 EII3 0.,
-§ 0.00020 - | 0.10 0.12 0.14 0.16 0.18 0.0 0.22 0.24 0.26 g 0.00015 i \"‘M‘;‘\w\ |2 Concentration (m)‘u/u
%_ 0.00015 o 0.00010
£ o ]
: 1\ :
0.00010 .\ 2 0.00005-
4 o J
0.00005 - £ 000000-
0.00000 : : : : : ki i, 0.00005 —
05 1.0 15 2.0 2.5 00 05 1.0 15 20 25
Frequency, MHz Frequency, MHz

Velocity of 1.02 m/s

. . 0
Size of the seeders 1 um Minimal concentration was 0.01 %

of the seeders in water
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Gas-jet set-up: next step

» 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

Seeding material for gases

Type Material

Mean diameter in ym

Solid Polystyrene

Alumina Al,O3

Titania TiO2

Glass micro-spheres

Glass micro-balloons

Granules for synthetic coatings
Dioctylphathalate

Smoke
Liquid Different oils

Di-ethyl-hexyl-sebacate (DEHS)
Helium-filled soap bubbles

1000 — 3000

* 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).

Scroll pump
5md/h

T T T T
180um | 400 um :4x0,4mm 1 20mm
30 um !

U U U .

Seeded air outlet ﬁ

Bypass line
=

Three-way

valve \
Pressurized | |

air inlet —> "‘

88 10 ' 11 10 ! s.smo7 153)(109 |271°
' mbar
1
™P ™P T™P ™P)
2771fs 277 |/ 761/s 6781/s 76V
Scroll pump S oll pump Scroll pump
30m? /h 30m? /h 15m* /h

Sonic orifice

Pressure vessel

Air + particle
agglomerates

Seeding material
(oxide powder)

Porous plate
(sintered glass)
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Results

v' 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)

v' 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

v' Seeding for liquids experiments and studying different concentration of
the fluids

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

Thank You for Your attention!

} 14 Diode Laser Self-Mixing Velocimetry, Alexandra Alexandrova 24/03/2015




Thank You
for Your attention!
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Experiment:; Ia:ll

ANET

Velocity

Mirror, n=92% , White paper, n = 60% Up to 0.1 m/s (limitation from the Less than 1%

moving set-up)

White paper on a disc, n = 60% Up to 50 m/s (limitation from the Less than 5%

electronic part)

Fluid, milk diluted in water at a 5% Up to 0.2 m/s(limitation is under Less than 5%
concentration, n=3.5% investigation)

Fluid, colloidal suspension diluted in water Up to 1 m/s (limitation is under Less than 4%
at a 5% concentration, n =4% investigation)

*Results are presented: Journal article: Optical Engineering: submitted fro review:Laser Diode Self-
mixing Interferometry for Velocity Measurements
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Difficulties: delivery of thelight-to the gasjet

» Optical feedthrough

» - perpendicular
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Rotating disc: signal and FFT

> =
17.6 m/s,51° < 1.0 wim 13
' : = by \ It } MW' W -
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4
FFT: fluids

00007 0.21l/min 0.55l/min

0.0002

0.70 —T - T - T - 1 1 T 1 T 1T T 1T
0.10 012 014 016 018 020 022 024 0.26
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S 0.0005 g —
<E' £ 0954 g
v  0.0004 S oo /
S 2
2 S 0854 .
E‘ 0.0003 E ol /
© 0.75—- /'/.
S
=
S
)
Q.
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0.0001 - pump speed, I/min
0.0000
'00001 ' | ' | ' | ' | ' | ' | ' |
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5
Frequency(MHz)
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Gas-Jet set-up

"
i -

i

l

Acquired profile

Integrated vertical [
profile e e
/ s
Integrated horizontal /! :

profile | i
Detector E—
i i

o | | ||
e e W

Extraction field

Gas jet inclined at 45 degrees. > orientation

Gas expansion direction inside the page

Thanks to M. Putignano;
/I'V. Tzoganis, et al. IPAC2013
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Scattering

Rayleigh Scattering Mie Scattering Mie Scattering,

Iarger particles

— Direction of incident light

— size parameter y = 2rr / & , where r = radius of the sphere
Side Scattered Light
» Rayleigh scattering: % < 0.1 PR e fnate
° MIE EﬂattErlﬁQ D1 < x < 50 Back ward mw Forward
. i i Particles
» Geometric (optics) scattering: x > 50 s!,
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» 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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1.7 mkm:
1o - N\ m=14.0i Mie regime
A=53znm o Ripples: constructive and
destructive interference
10 (10%) along different path

A

17nm:
Rayleigh regime

as the size of the
tterér/fhereases,
the moréeagiatiol g
3 ' scattePETRY §iah

—_

o
L
[N]

Diff. Scattering Cross Section (cm2 sr'1)

-S0me
- forward V fowar gr?g LHF a&lg
B / scattering 4 variation
10_14 RIS T S R T i IR R R B
0 20 40 60 80 100 120 140 160 /\1 80
——————————————————————————— S Qatt—e’-_[i—ng Angle (deg) --backscattertne - Qiifzﬁi’}?é%é’gf&i’(&”ﬁ%@iﬁ’?ﬁﬂi}%ﬁ?2 -
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