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Development of Doppler Global Velocimetry

by

Daisaku SAKAGUCHI* ! and Carlo BAGNERA*2

DGV (Doppler Global Velocimetry) is a system to measure velocity of particles crossing a laser
sheet, by analyzing the scattered doppler shifted frequency of a light sheet. The light frequency shift is very
weak because of the very low spéed of the particles compared to the speed of light. In order to overcome
this problem, an absorption line of the molecular iodine is used: the absorption of iodine depends strongly
on the light frequency going through the iodine vapor. By this mean, it is possible to measure the scattered
light intensity going through the iodine and normalize it to the scattered light: this ratio gives us the per-
centage of light absorbed by the iodine and therefore the doppler shifted frequency. The frequency shift

can be traced back to particle velocity.

Key words: laser velocimetry, planner measurement, doppler signal, molecular iodine

1. E£203&
AFRCHELALFy 75— =NV iiEst
(DGV : Doppler Global Velocimetery) %, L —¥
V= FERNCKFREBLZBOF v 75— 5 %R
WHLUEEEZRDOLYVAFATHS, HOEEICH LKL
FOEEDPBIIC NI VWOT, BERFIC L - THRE
T5Fy 7S—EBHIEIEBTHD, BFEDOIKEMET
FFy/S5—B5ERm - BT 5Z LB TEIR,
F 2T, AUERORBEBIAREE L 7o W i 215
ZBEHEE L HFIHET S, IURLFTEILBRGE
OEFENBELXFHEL, FOERIEFy 75—
CEBEANBEL,EEYROLEIENTESL DS,
DGV E G THEFDO—ETH P, LV—F v —
FERCEE 3 HARS A TE, BENTFSL—
Ty —FHZRZHTTCHFETELRICBWT, #
DPIV (Particle Image Velocimetry) DR &EZF D
Z LB TES, Table. 1 DGV XUPIVOER
FUHEF R B L, DGVIY, BERARIC KI5
HEIFEELTEEIENTED, NASAGLLIPSDLR
WHZ T U DERKETIT BN TBACHEIN T
%, Table. 2 ICEEMEEBE R JUZThZhDOY R
FACET BT E LD,

TERC164F 4 A 16H 2

TERS

vy Laser frequency

v : Scattered light frequency

Av  : Doppler shift or frequency variation

¢ : Speed of light

—

14 : Velocity vector of the particle

— . . . . . .

0 : Unit vector of observation direction

N .

l : Unit vector of laser beam direction

L : Length of laser resonator

t : Thickness of etalon

] ¢ Tilting angle

AL @ Mirror displacement

Table I Comparison of DGV and PIV
DGV PIV
FLOW +indipemdent of —requires good seeding
seeding concentration concentration
HARDWARE +camera resolution — “interrogation window”
' limited resolution
+endscopes, optical —better not
fiber bundles

SOFTWARE ~_| +almost on-line —lengthly precessing
FLOW +any flow direction —in-plane fow motion
OUTPUT +1C, easy 3C —2C, difficult 3C
READY TO USE —under heavy development | +consolidated
INSTANTANEOUS | —Nd:YAG (higher bandwidht)| +intrinsically
OUTPUT —average measuremend +average & statistics

* 1o A EERLE SRR (Graduate School of Science and Technology)
*2yon-Karman Institute for Fluid Dynamics (Belgium)
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Table'2 Main research center working on DGV
Group Key Persons . System lodine Cell
System name & Laser spec. Speicial feature CCD Spec. Cell body | Cold finger |
Northrop Research | H.Komine -Doppler Giobal Velocimetry(DGV) -3C, GCCD(smuItaneously) -Cohu 4810 CCD .
and Technology {Patent holder} - Art(Coherent Innova30-5), 1w -1/30 frame/s
Center, USA -Nd:YAG(Spectra Physics DCR-11) with
seed laser (Lightwave Electronics 120-
03), 15ns
-Image size =50*100(mm) .
NASA, Langley J.F.Mevyers -Doppler Global Ve|ocrmelry (DGV) 1C, 2CCD -RS170 8bit low cost 40°C
Research Center -Art -Velocity calibration system with camera
+Nd:YAG.10Hz, 10ns, Laser band width= | spinning wheel
- 120MHZ -600-grift sandpaper for reference
-lmage size= 100*200 {mm} monitoring
M.W._Smith - Absorption Filter Planar Doppler Veloci- | -1C, 1CCD with image splitter -Sony XCT7R (30Hz2) -
G.B.Northam metry (AFPDV) -Cooling, slow-scan
P.Drummond -Nd:YAG {Quanta-Ray YG-590) 30Hz, {10sec for 1frame}
16ns, Laser band width = 100MHz, 100mJ . mean data
NASA, Ames R.L.McKenzie -Planar Doppler Velocimetry (PDV) -Development of uncertainly model | -RS170 8bit low cost | 100°C - 40°C
Research Center M.S.Reinath -Ar+, 6W . camera {dT=
‘ *Nd:YAG, Laser band wrdth—MOMHz -Pixel bining +0.1°C)
-Image size =78*76 (mm)
DLR I.Roehle -Ar+, 1-2W, PID controller, Frq.jitter=1 | -Optical Fibre for 3C -cooling -15°C, 12bit, 55~60°C
R.Schodl ~4MHz +Bragg cell for periodic flow pixel binning, 500:1 dT=
C.Willert : +0.1°C)
‘|_Fischer -Long pulsed Nd YAG, 1.6mJ - -Gated CCD
W.Forster -Art, 2W -3C-Doppler-L2F - Photomuiltiplier with 60°C
H.Krain ) delay fibre
ONERA, Fr. P.Barrucau - Ar+{Spectra Physics.2060/65 with Jitter | -2C DGV with DEFI (Dispositid -Hamamatsu-S7170 70°C 43~39°C
C.Lempereur- Lock) 2w “d’Etalonnage Frequence/Intéensite) -Cooling-12°C, 8/12/
. i 16bit .
Ohio Univ. USA M.Samimy -Planar Doppler Velocimetry (PDV) -Princeton Instruments | 95-140°C | 45°C
W.Lempert *Nd:YAG (Spectra Physics GCR-4) 9ns, ICCD camera with {dT=
G.S.Elliott 10Hz, 660mJ -Pixelvision Spectra N2 (5torr) | £0.1°C)
: -Real Time PDV (RT-PDV) Video series, 1024* .
: 1024, 16bit
Princeton. Univ. R.B.Miles -Filtered Rayleogh  Scattering {FRS) Meas. Value (Velocity, Temp., -ICCD 80°C 45.7C
USA ‘Nd:YAG, cw, 50mwW Press.) (dT=
. . *0.5°C)
Cranfield Univ. UK | D.S.Nobes +3C Plannar Doppler Velocimetry (PDV} | -Fibre Image Bundle (1-12cell, 2-CCD | -LaVision Imager3 56.5C 40°C
H.D.Ford *Nd:YAG (Spectra Physics GCR 190-30), | for 3C velocity mes.) -Cooling-15°C, 12bit .
R.P.Tatam 300mJ -Frequency-switching technique by
AOM ({acousto-optic modulator}
(1-12cell, 1-CCD)
Univ of Oxford, UK | S.J.Thorp - Ar+ (0. 5W) for rotating disc +1-CCD for 1C, capturing both refer- | - Ultralow-noise CCD, 17-23C
R.W.Ainsworth -Nd:YAG, Laser band width = 90MHz, ence and signal images {Sony XC77 | cooling (Peltier and
N.J.Quinlan 10Hz CE) - " liquid nitrogen cool-
ing)
-read out time 1sec
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Fig.1 Determination of measured velocity compo-
nent direction
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Fig.2 Computatlonal simulation results of absorp-
tion line for molecular iodine
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Fig.3 DGV system setup for calibration of iodine cell
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Fig.4 Gain profile, resonator modes and transmis-
sion peaks of the intracavity etalon (dash curve). Also
shown are the threshold curves with and without etalon
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(a) Single-mode operation by inserting a tilted etalon

(b) Photo of the etalon tilting device designed at von
Karman Institute

Fig.5 Etalon system inside of the laser resonator
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(b) Iodine Cell under the condition of bottom
absorption line
Fig.6 Iodine cell manufactured at von Karman
Institute
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Fig.8 Photo-diode outputs and intensity ratio distri-
bution versus etalon angle variation
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Fig.9 Measured intensity ratio showing mode-hops
(Ts=507C)
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Fig.10 Measured intensity ratios for different cases
and interpolating line (T;=507C)
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Fig.11 Measured intensity ratio for different cold
finger temperature values
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Fig.12 Time history of intensity ratio the middle
point of transmission curve (T=507)
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Fig.13 Time history of intensity ratio at the middle
point of transmission curve and power spectrum distri-
bution of fluctuation (T;=507T)
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Fig.14 Support and installation of piezo translator for
the rear mirror of the laser designed at von Karman In-
stiute
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Fig.15 Experimental set-up for the measurement of
the circular jet-
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