The laser Doppler velocimetry (LDV) technique hasrblong recognized as a
standard for high resolution fluid velocity measments. The basic technique
IS non-intrusive, requires no calibration, and mpable of full-vector velocity
measurements.

In LDV, seed particles are introduced into a fluid:
flow to be measured. The particles used in LDV
track the flow to a high degree, making it posstble
interpret the observed particle velocity as eqoal t
the time-local flow velocity. By crossing two laser-
beams (see figure below) that satisfy the require-
ments of being coherent and of like polarizatiam, a
interference pattern will exist within the interen

of the beams.

fringe pattern like that used in LDV. Superimposed
on top of the photo is an illustrated particle amd
arrow indicating the nominal velocity direction
measured by the photographed fringe set.

The LDV system collects laser light scattered from
particles as they cross the fringes, and signai-pro
essing is used to obtain the Doppler heterodyne fre
Photograph of enlarged interference fring uency. Finally, f[he pz_;\rticle velocity is_ deterndne
pattern with an illustrated particle. Particidnrough the relationship=f*d, whereU is the par-

velocity is measured perpendicular to ticle velocity,f is the Doppler heterodyne frequency
fringes. measured for each particle, athds the spacing be-

tween adjacent fringes. Due to the ability to tdlja
predict laser interference patterns, the fringesyad, is known from system parameters and
the particle velocity follows directly frortne Doppler
frequency.

The photograph at the left was taken of an enlarged

Non-intrusive velocity
measurements

High spatial and velocity
resolution

No calibration required
Proven technique that is
continually being im-
proved upon by AUR
Measure very near
boundaries without bi-
ases as in hot-wire anem-
ometry

U=r~f=*d

0

Measurement
/volume

Schematic illustration of two laser beams forminggiference fringés
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Three dimensional (3D) LDV velocity measuremengsaghieved by superim-

posing fringe sets that measure three linearly-petelent velocity compo-

nents. Minimum uncertainties for all three compdaeme achieved by em- - Captures the true three-
: : : : dimensionality present in

ploying three orthogonal fringe sets. 3DLDV is astior measuring and un- all turbulent flows

derstanding the details of complex flows.

. Instantaneous vector veloc-
e B . =% The pel‘sonne| at AUR haVe been |ty measurements

BTG e pioneers in the design, develop- . No limitations on flow
. QIS > g ment and use offiber optic three-  angle
component LDV. The basic AUR . Very near-surface measure-
H™E T N T design for three-component ments possible, within <50
BN, LDVs, not available from any microns

other commercial supplier, offers - Off-axis scattered light
" greatly reduced system complex- receiving optics enhances
_ ity while preserving high resolu- spatial resolution
. tion and low uncertainty opera- *  Eliminates velocity/data
~ tion. This is achieved through our ~ "at€ bias

5-beam probes in the place of the
usual 6-beams used by other manufacturers. Inalypammercial LDV systems,
three laser wavelengths are used to distinguisthtiee Doppler signals from one an- with 3DLDV, measuring ve-
other. With the 5-beam system, only two laser wavgihs are used, thereby reducindocity vectors in reversing, cha-
the number and complexity of the components inLD¥ system. For the customer, otic flows is no issue. The
this means a more robust design, ensuring thatDiealways works and the flow  technique works equally well

data you need will always be a turn of a key away. for all flow angles, even when
the flow changes 180n con-

secutive samples!

A 5-beam LDV in operatidn

Multiple Doppler signals may be distinguished osirggle
laser wavelength carrier by placing the Dopplerrsi¢s on
separated carrier frequencies, as illustrated iistbpec-
trogram of a real LDV signal. The arrows in the tpilodi-
cate the location of the two signals in the timegfrency
domains. The warmer colors indicate greater spéctra
power?

frequency. Hz

Doppler shgnals
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The AUR LDV system is built upon more than 35 yehexperi-
ence in the LDV technique. We integrate state-efaith compo-
nents with our own software suite to produce a detegsolu-
tion—from data acquisition to signal processingust-
| processing.
ach LDV is shipped with four hardware subsystems:

Optical support subsystem Includes the laser, beam conditioning
ptics, and free space-to-fiber coupling optics
e = —— — - 3DLDV probe: Fiber optic probe head designed to meet your sys-
I S s I - rcquirements
B 00 | Photodetection unit Scattered light conditioning and detection

Data acquisition and processing unitPC-based data acquisition
The fiber optic LDV probe is at the heart of every and processing

AUR system. Each probe is custom designed withathGor request, we will also supply precision pedbaversing systems
end-application in mind. Despite this, the use-of f y d ! PPy P ke gsy

ber optics makes the optical Support subsystem and particle seeding systems for an additionalgghar
wi?ﬁ ltjrllaer;:régagan;glﬂgﬁS;?]gigev\sllﬁgrz r::gegi;s,&ﬂ the hardware subsystems are linked via the AUIR/ software
suite. This modular software package allows the teseontrol the data
acquisition to suit the experimental needs. Datp&ition modules al-
low for acquiring data that may be used for estingatime/frequency velocity information or, wherpexiency of
results is necessary, simply obtaining single peahbcity statistics.

The signal processing suite employed has beenubgbhp
validated using simulated signals and throumghitu opera-
tion. This suite, not available elsewhere, has been shown
approach to lowest possible uncertainties and ghesiser

the best possible Doppler frequency measurememtstie
LDV signals.

The software suite currently includes lifetime ujgdeand
all processing modules are open source so tharitteiser
may modify algorithms as desired.

Screen shot of a data acquisition software modlé G
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Numerous post-processing options are available&fk DV data. From single

Planes/profiles/single points of
3 mean velocity components
6 components of the Reynolds
stress tensor

-point statistics to time-delay correlations andduency spectral analysis, the 10 Velocity triple products
information from 3DLDV is rich and lends itself¢doncise interpretation.
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Profile of Reynolds stresses

Skin friction velocity measure-
ment

Reynolds stress transport
Production rate tensor
Turbulent diffusion tensor
Isotropic dissipation rate

Time-delay/frequency spectra

analysis
Auto/cross-correlations
Auto/cross-spectra

Plane of turbulent kinetic energy and turbulentisport velocity vectors

Frequency spectra through a boundary layer préfile
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Three-component probe access lengths

40 to 600 mm

Probe configuration

Dual-beam mode, backscatter.
scatter designs available where facility
cess permits

Forwdrd-

AC-

Transmitted laser beam configuration

Two-color fiber optic; two-beams for sif-

gle-component head (488 nm) and thr
beams for two-component head (514.5

pe-
m)

Fringe spacing

1 micron to 8 microns

Velocity uncertainty

Instantaneous vector measurement <+/4
of the velocity magnitude

1%

Velocity vector
uniform in time)

sample rate (non-

2000 Samples/second per meter/secon
mean velocity magnitude

i of

Probe construction

Anodized aluminum

Transmitting fibers

Armored 4 micron diameter polarizatio
preserving fibers with damage-tolerant f
rules at coupling end

Er-

Receiving fiber

Multimode

Probe Optics

All achromatic
miniature designs

lenses except in sub-

Light detection

Photomultiplier tubes

Data Acquisition System

250 MS/s PC-controlled digitizer with i
dustrial rack-mount PC. Optional contig
ous measurement durations of 0.032
0.256 s or 1.024 s.

|
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Data Acquisition Software*

LabView, we can customize to your flg
needs.

W

Signal Processing Software*

LabView online processing or offling

WINXP or UNIX (C++ source available)

Basic Signal Processing Method

Frequency-domain processing using FFT

*Coming soon: Fully-integrated modular softwaretsuLifetime updates included with system.
+Contingent upon flow facility parameters and pdetiseeding.
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Contact Todd Lowe at
AUR (540.797.0643,
toddlowe@aurinc.com)

The data from 3DLDV is valuable for numerous aggilans. AUR to discuss your specific

will custom design a system to meet your needs. application.
Complex 3D flow diagnostics _ We have experience mak-
Turbulence transport properties via triple velogtgduct ing LDV work in a variety
statistics of flow environments, and
Automotive tests such as in-cab defroster measursme  Wwould value the opportu-
In-flight tests nity to make it work in

yours.

In-casing gas-turbine measurements

Velocity measurements for turbine blade cooling eted
High speed testing

High temperature testing

Benchmark data for CFD validation

Inflow data for computational modeling

Flow anomaly characterization

Air or liquid as test medium

Turbulence research
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In-model sub-mini LDV for near-surface measurentents

(a) Surface pressure gradient contour, its vectors and

lines connecting 775, +1TF vectors locally tangent to surface at y.,'=11

Surface map of velocities just above the modehsgtf
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Contact Dr. K. Todd Lowe at AUR for more informatio

Since we are continually improving our productansaspecifications are subject to change withouteot
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