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Software : signal interface

PDV Signal Processing
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Software : spectrogram interface – linear scaling

PDV Signal Processing
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Software : spectrogram interface – Log10 scaling

PDV Signal Processing
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Software : spectrogram interface – column-normalized scaling

PDV Signal Processing
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Software : spectrogram interface – column-normalized and Log10 scaling

PDV Signal Processing
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Software : interactive tracking of the velocity

PDV Signal Processing
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- The blue dots are the ones that
are actually exported in the ‘.xls’
file

Software : interactive tracking of the velocity

PDV Signal Processing
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GUN EXPERIMENT ON TIN : PARTICLE VELOCITY 

Corrected Time-Frequency
Spectrogram

V Tin free surface
about 1700 m/s

V Tin articles
1800 to 2500 m/s

Raw Time-Frequency
Spectrogram

Time

F-V
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GUN EXPERIMENT ON TIN : PARTICLE SIZE 

No vacuum (air atmospheric pressure)
Model with only drag force : braking 
Cd = 0.45
Size range : 0.4 to 5 µm

Better model : with ablation 
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LULI EXPERIMENTAL SETUP

Transverse
Shadowgraphy

(3cameras)
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LULI 2000 LASER : EXPERIMENTAL CHAMBER

LULI 2000
λ = 1057 nm
E = 790 J
Pulse duration = 2 or 3 ns
Target spot diameter : 3 or 4 mm
Irradiance = 2 to 5 TW/cm²
Vacuum = 10-5 mbar 

Target

PDV probeProtective
window
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Single laser configuration
OZ probe, Φ 2.5 mm

100TW

100TW

LULI200

LULI200

PDV
Shadowgraphy

3.5 PW/cm²2 mm33 J300 fs20 µmAlT22 fs

PDV
Shadowgraphy

1.7 PW/cm²2 mm16 J300 fs20 µmAlT19 fs

PDV
VISAR

2 TW/cm²4 mm794 J3.1 ns1000 µmAlT20 ns

PDV
Shadowgraphy

5 TW/cm²3 mm790 J2.2 ns200 µmAlT15 ns

IrradianceSpot ΦEnergyPulseThicknessMaterial

DiagnosticsTarget (defocus)Laser (λ = 1057 nm)TargetShot

LULI PDV SHOT PROGRAM (12 ns shots , 22 fs shots)
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SHOT T20 ns : 1 mm, 2 TW/cm2, 3.1 ns → Spall created

Spall comes away
from the Al bulk

Flight of 
the spall

Impact on
the window

Break out
time

VISAR

26 ns (70 µm thickness)
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SHOT T15 ns : 200 µm, 5 TW/cm2, 2.2 ns → Particles created

Flight of particles
and fragments

Impact on
the window

PDV raw signal

T = 250 ns

T = 500 ns

Shadow
graphy

(50 ns)
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T = 1 µs

T = 3 µs

Shadow
graphy

(50 ns)

Impact on window
Hyperbola : 

V=d/(t-tbreak out)

PDV raw signal

1st particle
family

2nd particle
family

SHOT T19 fs : 20 µm, 1.7 PW/cm2, 300 fs → Particles cloud
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Two laser configuration

Two laser configuration

Single laser configuration

Single laser configuration

Negative
velocity

Folded
velocity

PDV : Velocity sign accessible with 2 spectrally-shifted lasers
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PDV SETUP FOR EMBEDDED FIBER IN NITROMETHANE 

  Digitizer
BW : 8 GHz
  20 GS/s

        Detector
 BW : 50kHz-12 GHz

Singlemode
optical fiber

Coupler

Single-mode laser
   1.55µm, 2W

   Single-mode laser
1.55µm+ δλ, 50 mW Moving

 object

F1

F0

F

F-F1

Circulator

F

Bare fiber
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PDV AND EMBEDDED FIBER IN NITROMETHANE : 
STEADY DETONATION

Vreal

Vpivot Vmeasured+

nsilica
6270ms 1−

CH3-NO2
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PDV AND EMBEDDED FIBER IN NITROMETHANE : 
NON STEADY DETONATION

Single-mode fiber

Graded-index fiber
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HV AND EMBEDDED FIBER IN NITROMETHANE : 
NON STEADY DETONATION
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PDV AND EMBEDDED FIBER IN NITROMETHANE : 
NON STEADY DETONATION : ANALYSIS
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CONCLUSION

Photonic Doppler Velocimetry (PDV) is a remarkable and versatile tool with many
advantages in comparison to DLI and VISAR :

Low cost, fully fibered setup, small probe sizes & spot
Good accuracy (a few m/s), good photometric dynamics (more than 26 dB)
Long time record (5 to 100 µs)
Ability to record simultaneously many velocities (with one or two solutions)
Large velocity range (0 – 20 km/s with 2-laser setup)
New PDV equipments subcontracted (12 GHz BW, 50 GS/s sampling)

Future
We plan to improve the number of probes
Raw signal information (20 ps sampling) not yet completely used
Particles (histogram, size)
Embedded fibers…
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