AD=A061 724 FRANK J SEILER RESEARCH LAB UNITED STATES AIR FORCE --ETC F/G 20/4
THE DEVELOPMENT OF A LASER DOPPLER VELOCIMETRY SYSTEM FOR UNSTE==ETC(U)

OCT 78 R A KADLEC» G W SPARKS: M S FRANCIS

UNCLASSIFIED FJSRL=TR=78=0010

NL

END
DATE
FILMED

=79

ooe




-

PY

-
(-
L
-
o
D
=
[

FRANK J. SEILER RESEARCH LABORATORY

SRL-TR-78-0010

OCTOBER 1978

THE DEVELOPMENT OF A LASER DOPPLER VELOCIMETRY
SYSTEM FOR UNSTEADY SEPARATED FLOW RESEARCH -
PRELIMINARY RESULTS

INTERIM REPORT

PROJECT 2307

R. A. KADLEC
G. W. SPARKS, JR.
M. S. FRANCIS

APPROVED FOR PUBLIC RELEASE;

DISTRIBUTION UNLIMITED.

AIR FORCE SYSTEMS COMMAND
UNITED STATES AIR FORCE

"8 11 24

i

o o




FJSRL-TR-78-0010

This document was prepared by the Mechanics Division, Directorate of
Aerospace-Mechanics Sciences, Frank J. Seiler Research Laboratory, United
States Air Force Academy, Colorado. The research was conducted under Project
Work Unit Number 2307-F1-34, An Investigat1on of the Flow Dynamics of Unsteady
Separated Regions. Capt M1chae1 S. Franclis was the Project Engineer in charge
of the work. —

When U.S. Government drawings, specifications or other data are used for
any purpose other than a definitely related Government procurement operation,
the Government thereby incurs no responsibility nor any obligation whatsoever,
and the fact that the Government may have formulated, furnished or in any way
supplied the said drawings, specifications or other data is not to be regarded
by implication or otherwise, as in any manner licensing the holder or any
other person or corporation or conveying any rights or permission to manufac-
ture, use or sell any patented invention that may in any way be related
thereto.

Inquiries concerning the technical content of this document should be
addressed to the Frank J. Seiler Research Laboratory (AFSC), FJSRL/NH, USAF
Academy, Colorado 80840. Phone AC 303, 472-3122.

This report has been reviewed by the Chief Scientist and is releasable to
the National Technical Information Service (NTIS). At NTIS it will be avail-
able to the general public, including foreign nations.

Th1s technical report has been reviewed and is approved for 2;9)14? ion.

e S e #)S T A,
MICHAEL S. FRANCIS Capt, USAF 363EPH S. FORD IT, Lt. eﬁn USAF
Project Engineer Director

Aerospace-Mechanics Sciences

Copies of this report should not be returned unless return is required by
secuirity considerations, contractual obligations, or notice on a specific
document.

Printed in the United States of America. Qualified requestors may obtain
additional copies from the Defense Documentation Center. A1l others should
apply to: National Technical Information Service

5285 Port Royal Road
Springfield, Virginia 22161




UNLLADDLFILD
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS

{

@.

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
REPORY NUMBER '.‘ GOVY ACCESSION NO| 3 RECIPIENT'S CATALOG NUMBER
SRL-TR-78-0010¢ AD A- {
TITLE (and Subdtitie) OF -RAELOAT & P MOD'MRQQ' 1
THE DEVELOPMENT OF A LASER QOPPLER VELOCIMETRY/ q nterim e P
September 197 Sept 1978 §

iJST M FOR UNSTEADY SEPARATED FLOW RESEARCH » |
RELIMINARY‘kESULTb

- PERFORMING ORG RESORT W"Q‘&‘, ﬂ

——————— v S————

- " 8 CONTRACY OR GRANT NUMBER(s)
\ . A.]Kadlec J
9\. . JSparks, Jr. Mlttv(\) \ S, ’ '—'“C\JWCI‘S .
=S —Francts _—

10 PROGRAM ELEMENT PROJECT, TASK

9 PERFORMING ORGANIZATION NAME AND ADDRESS
AREA & WORK UNIT NUMBERS

[ UNCLASSIFIED

[18a DECLASSIFICATION DOWNGRADING
SCHEDULE

R ——

6 OISTRIBUTION STATEMENT (of this Report)

pproved for publ\c release; distribution unlimited.
‘@f"y‘ |

. T —_——

17 DISYRTATTIEN STATEMENT (of the abstract entered In Block 20, (f different from Report!

W ESSHh-TH-12-0p130 /

ST

18 SUPPLEMENTARY NOTES

e ——————————————————————

19 KEY WORDS (Continue on reverae side i necessary and {dentify by block number)

Laser Doppler Velocimeter Separated Flow
Flow Measurement Unsteady Flow
Laser Anemometer Velocity Measurement

Wind Tunnel

20 ABSTRACTY (Continue on reverse side (f necessary and (dentify by hlock number)

‘The Frank J. Seiler Research Laboratory (FJSRL) at the U.S. Air Force

Academy is conducting a comprehensive experimental research program to study
unsteady, separated flows and, in particular, the dynamic stall of oscillating
airfoils. The aim of this study is to achieve a clearer understanding into
the physical mechanisms responsible for dynamic stall and to capitalize on
these unique stall features by using them to improve the turn performance

and maneuverability of flight vehicles. The objective of one phase of this

Frank J. Seiler Research Laboratory (AFSC) - DRS_61102F /Tf“Y“‘T‘ i
USAF Academy, CO 80840 ﬂ/f’ 2307¢F1-34 | / Fj’ !wL
. / \ > i)
'Y, CONTROLLING OFFICE NAME AND ADDRESS ~ ) REPORT DATE
; { 8
Frank J. Seiler Research Laboratory (AFSC) 1\L£‘”0Ct0252‘x21;‘ - -1
USAF Academy, CO 80840 ‘ 04
T4 MONITORING AGENCTY NAME & ADODRESS 4! .!:/ln.m.”/r_:m Controlling Office) 1S, SECURITY CLASS. rof this u-r'-"r" e

DD ,:2:",, 1473  EOITION OF ' NOV 88 1S ORSOLETE UNCLASSTFIED

SECURITY CLASSIFICATION OF Y16 SAGE When Data Eotered)

248 - &

‘l




INCLASSLFLED

SECURITY CLASSIFICATION OF THIS PAGE(Mhen Data Entered)

20, Abstract

experimental research program has been to adapt a general purpose Laser Doppler
Velocimetry (LDV) two velocity component system to dynamic stall experiments

in the Subsonic Wind Tunnel at the USAFA. The preliminary design of the LDV
system, its special constraints and the characterization of system signal

and noise parameters are described. Results presented for the initial opera-
tion of the LDV system demonstrate its performance capabilities. [t has been
observed that accurate measurements in the wind tunnel environment can be
achieved only when optical noise produced by scattered laser light from wind
tunnel surfaces is minimized. While the LDV system configuration satisfies

all constraints related to the USAFA Subsonic Wind Tunnel geometry and is
capable of accurate velocity measurements in the two-dimensional flow field
surrounding an airfoil, a reconfiquration of the system is sugaested to improve
optical alignment procedures and overall system signal-to-noise ratio.

UNCLASSIELED

SECURIYTY CLASSIPFICAYION OF YHIS BAGE (Wha ‘ae L oteran




TABLE OF CONTENTS
% Page
| (O T i e D R e P C B T PR
& BAG R O A S e e d

3. 0hdectiVes o L ol e e e v e e e e B o s

4. Laser Doppler Velocimetry (LDV) System . . . . . . . . .. ... ... 6
&1 Generalli-Considerations s oot e e R e e . 6

4.2 The FUSRE OV Sy tam s e L e . 1
2.1 System Gans Eraintsy e 1O

4.2.2 Preliminary Design « . o v i o v . sn o s w s s e e s N2

4.2.3 Signal Processing and Data Acquisition . . . . . . . . . .12

4.3 Preliminary Operation of the LDV System - 0pt1cs and 1
Signal Processing . . . . ; : ‘ : W R e R

5. Conclusions and Recommendations. . . . . . . . « « « v « v « . . .. .20
R ororeas o o e R e e o o 28

T T T S R A e I T .




Fiqure
Fiqure
Fiaure
Fiaure
Fiqure
Figure
Figure
Fiqure
Figure

Fiocure

[55]

10.

LIST OF FIGURES

Unsteady Separated Flows .
Dual-Beam Backscatter LDV. .

Probe Volume Close Up.

Unsteady Separated Flow - Experimental Schematic .

Optical System .

Signal Processing and Data Acquisition .
Treatment of Reflected Laser Light Noise .
Tynical Doonler Signals (green beam)

LDV - Pitot Tube Velocity Comparison .

Proposed LDV Configuration (side view)

Page




1. INTRODUCTION

The capability to predict the 1ift, drag, and moment acting on an airfoil
is a fundamental requirement to the aerodynamicist. Solutions evolved in
pursuit of this objective for a host of engineering problems form the basis of
the edifice of classical aerodvnamics. While considerable confidence exists
when tackling steady flows where viscous and potential regions can be treated
separately, little quantitative methodology is available for treating unsteady
flows where separation and reattachment of the thin viscous layer near the
surface occur. In some anplications, this unsteady separated flow phenomenon

arises when an otherwise steady flow environment about a solid object is upset
bv undesirable unsteady effects due either to self-induced motions of the object
itself or to fluctuations or instabilities in the surrounding flow. In other
applications, the device is designed to operate in an unsteady manner in order
to perform its desired function, A recent review by McCroskey (Ref. 1)

examines the current research interest in unsteady stall and other unsteady
fluid dynamical effects that occur in a wide range of modern engineering
nroblems.

The Frank J. Seiler Research Laboratory (FJSRL) at the U.S. Air Force
Academy is presently conducting a comprehensive experimental research program
to study unsteady separated flows and in particular, the dynamic stall of
nscillating airfoils. hen dynamic stall occurs, transient forces and moments g
develop which are fundamentally different from their static counterparts, the
most striking difference being large increases in force and moment coefficients
above static values, the occurrence of "moment stall" before "1ift stall," and
the delav of the stall event to angles of attack in excess of the static stall
value. The aim of this study is to achieve a clearer understanding into the
physical mechanisms responsible for dynamic stall and to capitalize on these
unique stall features by usino them to improve the turn performance and maneuver-
ability of flight vehicles.

2. BACKGROUND

The FJSRL study is directed toward a detailed examination of the vortex
kinetics associated with dynamic stall. Figure 1 depicts a qualitative view
of the flow over an airfoil executing a dynamic stall. It has been speculated
that the formation. growth, and propacation of a free vortex residing on the



VORTEX FORMATION

_—‘/ﬂ \\ REVERSE FLOW

s \3

VORTEX GROWTH
AND PROPAGAT ION

B S©)

REVERSE FLOW |

--FORMATION AND CONTROL OF A FREE SPANWISE VORTEX

DYNAMIC STALL

--TRANSIENT FORCES AND MOMENTS FUNDAMENTALLY DIFFERENT (LARGER)
FROM STATIC COUNTERPARTS

--BENEFICIAL TO IMPROVING MANEUVERABILITY OF FLIGHT VEHICLES

Figure 1. Unsteady Separated Flows




airfoil upper surface, together with the accompanying reverse flow region, are

central to the dynamic stall problem. However, no sound theoretical models
exist. Consequently, detailed measurements of the periodic space/time mean
velocity field for an oscillating airfoil exhibiting dynamic stall will
provide valuable information about the stall process.

Presently, the two most common techniques used to measure local time-
varying velocities are hot-wire anemometry and Laser Doppler Velocimetry (LDV).
Both have distinct advantages and limitations. Het-wire anemometry is a
traditionally accepted, highly refined method for unsteady flow studies, and
recently it was successfully used by the FJSRL to map the vorticity field in
a restricted unsteady separated region behind an oscillating spoiler on an
airfoil surface (Ref. 2). However, the technique suffers from two disadvan-
tages which limit its usefulness: (1) a velocity measurement is not absolute,
requires careful calibration, and makes lona-term drift of experimental condi-
tions a source of error; and (2) a mechanical probe must be inserted into the
flow, therefore inevitably disturbing the flow itseif, especiallv in reagions
of reversal.

The LDV has become an increasingly attractive diagnostic to 1 for the
investigation of fluid flows (Ref. 3). It makes an optical meas rement of
velocity from the Doppler frequency shift of light scattered by  articles
moving.with the fluid and thus is unobtrusive, absolute, and dirict. However,
the technique is somewhat complicated and expensive. The FJSRL 's developing
LDV diagnostics to study dynamic stall and related unsteady separated flows,
and this report describes the current development of the LDV system.

3. OBJECTIVES

The objective of this research program is to adapt a aeneral purpose
two component LDV system to dynamic stall experiments in the Subsonic Wind
Tunnel at the U.S. Air Force Academy. Features of this system include (1)
specialized high frequency signal processing, (2) an interactively controlled
two-dimensional LDV translation support structure, and (3) an interface with
a real-time disc-based minicomputer data acquisition system. This report
includes a description of the preliminary LDV system and its special constraints,
initial operation of the system, a characterization of system signal and noise,
and options for improvement of the system signal-to-noise ratio, which in turn

suggest an imoroved LDV svstem.
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4. LASER DOPPLER VELOCIMETRY (LDV) SYSTEM
4.1 General Considerations

The LDV is based on the fundamental concept of a frequency shift in
electromaanetic radiation received from a,moving source by a staticnary
observer. In fluid applications, the source is a small micron-sized particle
entrained within the moving fluid which scatters laser light to a detector.
The equation relating the frequency difference between this scattered 1iaght
and an unscattered reference laser beam and one velocity component of the
narticle can be derived from the NDopnler effect. Doppler freauency equations,
descriptions of various LDV system considerations, and applications can be
found in several references and text: (Ref. 4).

Several different optical schemes that use a laser have been developed

N

around this familiar Doppler shift principle. The most suitable arrangemert

for many wind tunnel experiments is the dual-beam backscatter technique

(Ref. 5) shown schematically in Figure 2 It has been adopted for this

experimental study and is used here to elucidate the basic ideas of LOV.

1

Monochromatic laser liaght is divided into two parallel beams of eaual powe!.

)

The beams are focused with a transmitting lens and cross at a point within

the flow, called the probe volume. Particles passing throuah the probe

volume scatter light back through the transmitting/collecting lens and ont:

a photomultiplier tube which orovides an output current proportional to th
scattered intensity. This photocurrent is then transferred to the data
processing system. The distinct advantages of this scheme for wind tunnel
apnlications and, in particular, the USAFA Subsonic Wind Tunnel, are discussed
in Section 4.2.

The mathematical relationship between the intensity oscillations received
by the photomultiplier tube and the velocity component of a scattering particle
can be obtained from Doppler shift considerations. However, for a dual-beam
arrangement. a much simnler and clearer description is obtained from inter-
ference fringe considerations. A close-up schematic view of the probe volume
is shown in Figure 3. When the two coherent laser beams intersect. their wave
fronts interfere constructively and destructively to form a set of parallel
plane fringes contained within the elliosoidal probe veolume. The fringes are
perpendicular to the plane formed by the two beams and narallel to the bisector

between the two beams. From geometry the distance between the fringes is

S VPRSI S
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vihere § = fringe spacing
A

2}

laser light wavelength

i

included angle between the two beams.

When a particle moves through the probe volume and intercepts the fringe
pattern, it scatters light with intensity variations that depend on fringe
spacing and narticle transit time. If the transit time between two adjacent
fringes is 7, then the velocity component perpendicular to the fringes is just
the distance per time, given as

Vomes e i
& 2 sin = |

2
where V = particle velocity vector
n = unit vector perpendicular to fringes

T = transit time between two adjacent fringes.

Then the freguency of the scattered intensity oscillations, f is %~or

2 sin < (V-

S|

which is the same frequency obtained from the Doppler derivation (Ref. 4).
This Doppler frequency is in direct proportion to a velocity component.

For two-dimensional studies, a second velocity component orthogonal to
the first can be measured with a second set of dual beams which are rotated
90° with respect to the first set. If different Taser wavelengths are used
for the two sets of beams, then the two color-coded Doppler signals will
represent the two velocity components of a scattering particle, provided all

beams cross at the same point.

The dual beam backscatter system described thus far works well for
scattering particle velocities that have unambiguous directions. However,
since the measured Doppler frequency is proportional to a dot product of
velocity, it cannot distinguish direction. That is, two particles with equal

T




speeds but traveling in opposite directions produce identical output frequen-

cies. This ambiauity can be removed by frequency shifting one of the two
1 dual beams, with an acousto-optic type Bragg cell (Ref. 5). By doing so,
fringes in the probe volume move in relation to this frequency shift and a

particle within the probe volume at zero velocity will register a Doppler

frequency equal to the frequency shift imoosed by the Braag cell. Thus, this

imposed incident beam freauency shift provides discrimination between positive
and negative velocity components. The basic components of the dual-beam
system described here have been incorporated into the FJSRL LDV.

4.2 The FJSRL LDV System

A feasibility study of an LDV system for the USAF Academy Subsonic and
Trisonic Wind Tunnels was conducted by the FISRL (Ref. 7). The purpose was
to choose an LDV system that could satisfy the special constraints imposed by
subsonic and trisonic applications yet provide accurate, two-dimensional
space-time flow velocity capability at minimum cost. The study included a
detailed examination of many different trade-offs that led to a preliminary
design concept. A summary of the system constraints and the preliminary
design, together with some salient trade-offs, are presented here.

4.2.1 System Constraints

Tﬁe unsteady separated rlow research experiments pose a special Timitation
for the LDV system. A1l existing or planned experiments associated with the
unsteady separation research problem are mounted vertically in the Subsonic
Wind Tunnel, and the drive mechanisms for these experiments are positioned
below the wind tunnel test section (Figure 4). For two-dimensional studies,
this arrangement precludes optical entry into the test section throuah the
side windows, the only other access being through the top of the wind tunnel
test section. The dual beam backscatter configuration is the only logical LDV
optical arrangement which satisfies this constraint, since both the incident
and scattered sianals pass throuah the same entry port.

In addition, a dual beam backscatter system allows the collector optics
to be mounted on the same overhead optical support structure as the laser and
transmitting optics, thereby requiring only one drive system and eliminating
the need for the slave optics detector unit that would be required for a dual
beam forward scatter optical arrangement. The structure designed for this

10
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purvose includes a dual-plane optical bench truss with two degrees of treedom
in translat ion, which permits the svatem to scan the probe volume throughout

the flow region.

4,02 Preliminary Desian

The preliminary optical system desioned to meet these constraints at
minimum cost with existing state-of-the-art LDV technology is shown in Figure
S A Lexel Mode! ﬂh—J‘drnun ion laser produces two vowerful (1.5 watt)
visible lines at H1db \ (green) and 4880 R (blue) which provide the color
coded beams required for simultaneous, two-dimensional velocity measurements.
Two high power, multi-laver mirrors turn the beam vertically into an integrated
optics assembly (IS, Inc.). This assembly spatiallv separates the green and
blue beams, aligns them, frequency-shifts one areen and one blue comvonent, and
then focuses the four beams to torm a probe volume at approximately the midspan
position 1n the test section. The beams enter the test section through an AR
coated, optical quality alass window that reduces specular backscatter. The
backscattered 1ight trom varticles passing through the probe volume 1s received
bv a collection ontics, photomultiplier system housed in the transmitting

optics assembly (Ref. 7, 8).
4.2.3 Signal Processing and Data Acquisition

!Qv counter-tvpe sianal orocessing units (TS1, Inc.) are used to analyre
the blue and green photomultiplier signals and oroduce both analog and digital
outouts renresenting two velocity comnonents (Ficure o). These sophisticated
units filter the Doppler signals, measure the time for a particle to cross a
sbecified number of frinces, and convert this time to a velocity. The counter
uses an operator selected data validation scheme that allows rejection of
spurious sianals, thus reducina the data inout caused by noise and eliminatine
velocity bias from varticles traversing only a few tringes (Ref. 8).  Raw
velocity data from the signal processors are supplied to a DEC PDP 11745 data
acquisition system with disc storage and real-time cavability. The data
acquisition svstem calculates the mean velocity components at each position as
data is collected, and results are orinted in real time. In addition, filtered
Doppler sionals from scattered particles are monitored on a 100 Mh: storage

oscilloscope. A sevarate, interactive computer control is planned to command
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electric stepper motors to drive the LDV optical support structure which will
Tocate the probe volume at a specified X-Y position in the flow. Necessary
software for data acquisition and interactive computer control are presently
being designed.

4.3 Prelimirary Operation of the LDV System - Optics and Signal Processing

Preliminarv efforts have concentrated on the initial operation and subse-
quent design improvements of the optics and signal processing systems. The
following brief chronology outlines these efforts.

Laser and Mirror Requirements: Initial high power operation of the argon
ion laser produced an output beam characterized by a donut mode (TEMO]). In
addition, the aluminized turnina mirrors used to direct the laser beam into
the integrated optics assembly were such that they further accentuated the
undesirable donut mode shape. Considerable effort has been snent on modifying
and tuning the laser to achieve a fundamental mode operation (TEMOO). Further,
all mirrors have been replaced with high power, multi-layer coated, argon ion
Taser mirrers. These modifications orovided the high quality. fundamental
mode laser beam required for LDV applications.

Optical Svstem Alignment (areen beam): The careful alignment of the
intearated optics assembly has provided a well defined probe volume at aeproxi-
mately midspan of the test section. The probe volume has been carefully
examined with a microscope objective and revealed a well defined fringe
pattern. Upon completion of the alianment procedure, a preliminary experiment
revealed large noise levels with no observable Dopoler signals. It should be
noted that the system's sensitivity to alignment drift remains a serious
concern with respect to the ease of operational implementation of the entire
LDV apparatus. The cantilever configuration and resultant long optical path
are believed to be at least partly responsible for this difficulty. Beam
pointino drift of the laser during warmup was the major source of misalignment
during the power up phase of a cold system. Alignment drift was almost
nonexistent after subsequent adjustment and realignment after the laser was
warm.

Noise Reduction: The following noise sources are commonly found in
practice: (1) ambient light, (2) scattered laser light, (3) spurious laser
noise, (4) photodetector shot noise, and (5) electronically induced noise. Of

V
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these, the single most troublesome noise source encountered in the current
experiment was that from scattered laser light: diffuse and specularly
reflected laser 1ight from the tunnel optical window, from the airfoil surface,

and from the wind tunnel floor. It has become apparent that improving the
signal-to-noise ratio would present the single biggest challence to successful
system operation. OQther LDV dual beam backscatter experiments report a similar
difficulty (Ref. 5).

The scattered laser noise sources were systematically eliminated as shown
in Figure 7. First, diffuse reflections from the tunnel floor were deflected

outside the collection optics solid angle by mounting a mirror flush with the

tunnel floor. Next, a beam-picker assembly was nositioned to intercept the

first surface reflections from the optical window. Although the window was

AR-coated, these reflections still represented a noise source larger than the

scatterina particle signals. Finally, an isolation cone removed additional

stray and diffusely scattered laser light. The scheme described here is by

no means intended to be a general orocedure but only demonstrates the necessity

for systematically eliminating laser light reflections in wind tunnel applica- v
tions.

Preliminary Results: After optical noise was reduced to tolerable levels,
Noppler signals were measured for ambient seeding levels in the wind tunnel.
Typical resuits for two different test section velocities portrav large-signal,
Tow-noise Doppler particle bursts (Figure 8). In addition to reducing optical
noise, selective electronic filtering of the photomultiplier signals greatly
enhanced the signal-to-noise ratio. Data rates for these measurements were

typically between 2/sec and 200/sec, a figure consistent with typical natural
seeding levels reported in other wind tunnel facilities (Ref. 5). 1

The LDV counter was used to make velocity measurements of these Doppler
sianals for a range of test section speeds and comparison with pitot tube
measurements is given in Figure 9. A parallel procedure was followed for the
blue beam operation with similar results.

A major concern resultino from these early measurements is for a reconcil-
iation of previously developed analog (continuous signal) data sampling
algorithms specifically designed foruse with unsteady flows and the low data
rates (discontinuous digital signals) experienced with the LDV technique.

16
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5. CONCLUSIONS AND RECOMMENDATIONS

The preliminary LDV system designed and modified as described above was
found to satisfy all constraints imposed on the system configuration. Prelim-
inary experiments performed with this syspen have shown that accurate flow
velocity measurements can be obtained in the Subsonic Wind Tunnel environment
with purely natural seeding levels.

Two areas of concern which have surfaced from this preliminary effort are
those of the system's tendency to become misaligned and its susceptibility to
optical noise produced by scattered laser light from wind tunnel! surfaces.

The reduction of this noise to levels below scattering particle signal levels
was found to be the most desirable method of improving the system signal-to-
noise ratio. A major improvement in optical alignment stability can be achieved
by requiring a warmup period (15 minutes) for the laser before implementing on
realignment corrections.

An improvement in optical alignment situations might be realized if the
cantilever structure now used as a mounting fixture for both laser and optics
could be abandoned in favor of a more stable configuration. A suggested
structure is presented in Figure 10. The "T"-configuration is inherently
more stable, not only due to the lower position of the optics sub-assembly
with respect to the positioning system hardware, but also because the base and
suoporf frame can be designed to envelop the LDV system. The major problem
encountered in implementing this concept is the need for a stable overhead
platform on which the assembly and base can be mounted. This platform need
not be a permanent structure but must be rigid, sturdy and sufficiently massive
to also support research workers and necessary tools. Additionally, these
combined concepts will allow the optics assembly to be positioned closer to
the tunnel optical window thereby reducing first surface reflection problems
from the port by making the reflections fold directly back into the incoming
beams, thus bypassing the photomultiplier tubes.

Recorded ambient particle seeding levels may be high encugh to obtain
accurate mean velocity measurements for unsteady, separated flows at locations
outside reversed flow regions. Seedina may, however, be required if experi-
mental run duration becomes excessive, It is recognized that the interpreta-
tion of LDV signals for unsteady, separated flows whose composition is
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influenced by particle size and seeding, turbulent flow content, and global
unsteady effects with fiow reversal pose special problems. Their solution
will reaquire a long range comnrehensive effort in the areas of data mangement,
discontinuous sianal averaging, and digital correlation technioues, based on
signal-to-noise and sampling consideratioms, The resolution of these diffi-
culties will then form the first step toward the goal of understanding and

modeling unsteady separated flows using LDV diagnostic technigues.
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