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FIGURE 3

Figure 4 shows a measuring system with a two channel optical
unit arranged on a traversing table. A1l the components of the optical
system can be moved and aligned very rapidly. That is all I want to say
on optimization. I suspect there are some points of contention there.

I want to run through some results to acquaint you with some of
the things that we are doing, and to do that I have to say just one word
about signal analysis. We have a variety of forms of signal analysis,
some of them sophisticated, some of them not. We use spectrum analyzers
of various kinds including a Nelson-Ross PSA205 which I cannot recommend.
We tend to use a Hewlett-Packard analyzer although it is, unfortunately
American. We have been fortunate enough to have for the past nine months
the DISA tracking facility or at least the prototype tracker which was
built by our colleagues at the AERE, Harwell. This works vey well. We
have our own phaselocked tracker which is easy to operate. Like many
people here, we like counting systems and use the Hewlett-Packard com-

puting counter system.
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FIGURE 4

Some results. We have made measurements, for example in the
vicinity of a sudden contraction and a sudden expansion, in particular,
in the separated region (see Figure 5); so far we have worked with laminar
flow as a preliminary to our intended efforts in turbulent, separated
flows. We will have to frequency shift to measure throughout the
turbulent flows, but this was not necessary for the laminar results.

We also believe, because our major interest is in fluid
mechanics that our turbulent flow measurements should agree with previous
measurements made by people who are recognized to be competent with hot
wires, so we check the use of our optical anemometer against low turbulence
flows like this one (Figure 6) and also against highly turbulent flows.
This low turbulence flow is a two-dimensional channel flow. Two-dimensional
channel flow has been investigated very well indeed by Comte-Bellot and
Laufer. Our mean velocity results, are in very good agreement using
either mode of operation with the anemometer. These measurements are
in water and the particle concentration gives almost a continuous signal.
That is without adding anything, just London water. The turbulence
intensity, one component of which is shown here, is really remarkably
good. We subtracted from these results about .8% broadening uniformly
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: laser He-Ne (20 mW)

X Mz- Mé, I\A7 * mIrors

- telescope

. beam-dividing system

: probe volume

5 * lens collecting scattered light

> lens to focus scattered light on the P.M.

: small hole before the P.M.
: photomultiplier tupe with an $20 photo-
cathode,

Fig. 1 b- Interferential velocimeter using forward scattering.

Two beams running from a twenty milliwatt helium-neon c.w. laser are focussed at point P into the flow by
means of a telescope made up of lenses L5 and L 5. The beam-dividing system provides two beams of equal
intensity joining up at point P with the same path length and the szame polarization. These beams create a
fringe pattern about point P. These two beams are intercepted by two small screens cn lens L 4. The receiver
is a photomultiplier tube with an S-20 photocathode. The signals are displayed on an oscilloscope; the scope

trace is photographed with a Polaroid camera.

Either of two perpendicular velocity components of the scattering particles could be measured with the
apparatus. Figure 2 gives a close-up view of the beam-dividing system. This system splits the incident beam
into two beams with the same state of polarization, the same path length, the same intensity,in order to get a
better fringe contrast. Depending upon the position of prism C, the beams are contained either in a vertical

or in a horizontal plane.

L
Fig.2-

Close-up view of the beam-dividing system,

L : laser He- Ne
M] and M2 : mifrors

S : partial mirror
M3, M4, M5 . mirrors of the beam-dividing
system

C : translatable reflecting prism.

11l. WIND-TUNNEL FACILITY - PARTICLES INJECTION - PHOTOGRAPHKIC METHOD

11,1, Wind-tunnel — Particles injection

The general outline of the facility with the particles injectors is given on figure 3. Two methods to measure
velocities have been developed : the interferential velocimeter and a photographic method which provided a
calibration for the former. Besides the two windows on either side of the wind-tunnel for the interferential veloci-
meter and for taking pictures with the photographic method, a third window was added on top to let through the
laser beams necessary, in the photographic method, to illuminate the particles.
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Fig. 5 - Mean trajectories o

btained by the photographic method (30 sec. exposure).

Figure G shows a typical picture obtained with the photographic method for velocity measurements. Each
particle was illuminated by the pulses from the Q- switched ruby laser, producing on the picture two or three

bright spots; then the free-running ruly laser produced a train of spots in line with the previous ones; this made
easier to find the first dots. In the corner of figure 6 a typical oscillogram is shown, giving the time between

the various positions of the pulses from which the average momentum vector between points A and B can be
calculated.

Fig. 6 - Typicai picture of velocity recording by photographic method.

The results obtained (fig. 7) showed a great dispersion because of turbulent phenomena in the flow and a
dispersion in the size of particles.

Figure 8 shows typical signals obtained in the wind-tunne! with the interferential velocimeter. From pictures
of these sine signals, histograms were built (fig. 9) in order to find the mean value of each component and its
root mean square. The measured velocities ranged from 3 m/s to 160 m/s. There were obviously important
differences of velocity between twenty micron and one micron particles. For instance it was found close to
the throat (fig. 10) 160 m/s for one micron particles instead of 100 m/s for twenty micron particles. It was
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intended to measure the velocity of the 1 micron particles and not that of the flow itself. The precision of the

e

measures was about 2%, but the dispersion was more impcrtant, due to the sam

ned for the photographic method.
Details about this experiment will be published very shortly in the journal ¢

e phenomena as those mentio-

La Recherche Aérospatiale’ .

Some experiments have been worked out in hydrodynamic tunnels with the same velocimeter using forward

scattering; with plain tap water good signals were obrained.

m/g

n/s $Vs
.
.
>
. .- > . .
‘e * -
. s .
-~ - v - . -
‘e < » * 8 +® od ~
e o* .o‘ @ '.‘, - s %
. . - - > -
. .
. - . . % -
- . ) IS = »
. . ._” :0
- » & -
A .
1 ’ ’ - 105
Spat of measure 0483
I}VJ
e
-
-
-~
* .
.
o N s+ B* - gL arle
3 o e, -
N .4 S e v, s *
. > . . s ® .
.o LA > - . -
.. * s - i
. .
Pol » 54 ° »
. » - - - o'
A .
- - ®
-
° 5 10 Xma

"s 125

Fig. 9 - Histogram - 20 um particles near the throat.

Fig. 7 - Velocities measured with the photographic method in the main flow.

Fig. 8 - Typical sine signals from the velocimeter.
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The same beam-dividing system was used, but the two beams issued from it are paraliel. They cross in the
probe volume at the focus of lens Ly . The light scattered by the particles passing through the probe volume
is collected by the same lens L ; and is focussed by lens L , on the receiver (which is still the photomultiplier
tube with an S-20 photocathode), after reflection on a mirror in which two holes are bored in order to allow the
two incident beams to go through.

The apparatus shown figure 11-b measured the horizontal velocity component of tap-water running in a glass
tube. With a similar device velocities were measured in hydrodynamic tunnels, from a few cm/s to 11 m/s. The
same technique was used of taking pictures of scope traces to build histograms.

Fig. 11 b - The apparatus as presented at the Paris ¢ Exposition de Physique’ .

Figure 12 sums up results obtained in a water flow with a velocimeter using back-scattering; an obstacle,
or pier, had been introduced into the flow in order to detect turbulence behind it. Without the pier the velocity
is greater and the turbulence less important. The precision of che measures was estimated to be 1,5%.

with pier : {\—/, 39,2 cm/s
water P AV- S.4 cm(a
flow l_p A . ' :
- £t without prer: [V : 443 cmje,
prer AV = 3,S cwm/s

Fig. 12 - Results in a water flow.

V. TWO-COMPONENT VELOCIMETER

In this part will be described the principle of a two-component interferential velocimeter, at present under
development at O.N.E.R.A.

Two fringe patterns are created, at two different wavelengths (fig. 13). An argon laser is used which
delivers several wavelengths simultaneously. The beam-dividing system provides for instance three beams;
the beam with wavelength A, previously isolated, and the global beam S A create a fringe pattern with wave-
length A4 in one axis; it is the same with A, and £A which create a fringe pattern with wavelength A3 in
another axis. In this mannertwo velocity components UJ and V can be measured simuitaneously; two photomultipiier
tubes are necessary, one having an interferential filter for A1 and the other for A; . The two components so
obtained can be transformed into rectangular components u and v by appropriate computation.

Of course, with the same principle and a third wavelength A3, a three-component velocimeter could be
designed.
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Fig. 6 Examples of two simultaneously recorded signals due to
the passage of a single, submicron size scatter particle
through two crossed-polarized, orthogonally located sets
of interference fringes; polarization separation was used
to discriminate between the two signals and the LV system
of Fig. 3 was employed. Signal channel alternating rate:
1 MHz; sweep rate 10 psec/div.
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BRI (1. 9, 1970 ‘
g Condition: 6. 6-1-10]
DDP: 76, 86 nsec

+

i
‘? 0 010 ¢ é
R R e e e S ¢!¢

SRR Oct. 9, 1970 T RS (Ct. 9, 1970 1
ko BB Condition: 6.6-1-10[SMEES SERIERE Condition: 6. 6-1-1008
DDP. 77,62 nsec P ISR D0P. 76,80 nsec

Foct. 9, 1970 e R 0c!. 0, 1970 ‘
B Condition: 6, 6-1-10 SN SEREEPES Condition: 6, 6-1-108
DDP: 78. 25 nsec = DDP. 78 57 nsec
Fig. 9 Six CRT photographed signal bursts at Mach
No. 1. 0 with the corresponding period recorded
by the Doppler Data Processor (DDP). Vertical

sensitivity: 2.3 x 1079 cathode amp/cm
(S-20 response). Horizontal: 0.2 psec/cm.
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Figure 6. Measurement of vortex shedding
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(a)

{e)

Figure 7. Measurements of oscillatory flow in the
boundary layer in front of a blunt body.
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(a)

(6)

P

.5 volt ~/div

()

Fig. 8 55L20 Doppler Signal Processor output at various
setting.. of the Threshold control
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Fig.5 Recorded signals.

HOT FILM|HOT WIRE LASER
No.| POSITION ANEMOMETER ANEMOMETER
X | X AV / 0 A!// 3
cm |(cm v v V
1| 3.0|o0. 0.4 0.78 0.85
2| 3.0]l0.5{ 0.4 0.84 1.18 | SINGLE COUNTER
3| 3.0|1. 0.85 1.58 1.90 [ WITH MONITOR
4| 3.0/1.5| 3.0 9.57 |10.0
5| 3.410. 1.12 1.131 DOUBLE COUNTING
6 |12.8]0. 7.06 7.12 § senrenn
7 | 0. |O. 0.34 0.34)°
§e
-
|
|
@=3.5 cm —— DS—= |

MEAN VELOCITY 16 m/s ’

Fig.6 bxperimental results,
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Table |

CHARACTERISTICS OF LENSES FROM LAMINAR FLOW

NOMINAL FOCAL Oy o
LENGTH, M M
CM
3.75 3 15
15 7 140
50 | 2 40

8
e
)
z
e
Zz
o
&
3
&
z
1600 2000 2400 2800
Fiqure 2 FREQUENCY, kHz ¢ 2
Figure 3
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Figure 7
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Figure 9

POWER SPECTRAL DENSITY, mV2/Hz
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2.0 4,0 6.0 8.0 10.0 12,0

Velocity (ft/sec)

FIGURE 3. SPECTRUM ANALYZER TRACE AT MEAN
VELOCITIES OF 4.2 FT/SEC AND 8.2 FT/SEC
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FIGURE 4. OPTICS ASSEMBLY
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FIGURE 6. BISTABLE FLUID AMPLIFIER
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Velocity (ft/sec)

FIGURE 9. TYPICAL SPECTRUM ANALYZER TRACE AT MEAN
VELOCITY OF 0.124 FT/SEC

Velocity (ft/sec)

FIGURE 10. TYPICAL SPECTRUM ANALYZER TRACE AT MEAN
VELOCITY OF 0.6 FT/SEC
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Velocity (ft/sec)

FIGURE Il. TYPICAL SPECTRUM ANALYZER TRACE AT MEAN
VELOCITY OF 1.8 FT/SEC

Velocity (ft/sec)

FIGURE 12. TYPICAL SPECTRUM ANALYZER TRACE AT MEAN
VELOCITY OF 7.6 FT/SEC
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Integrated Signal

0 1000 2000 3000 4000

FIGURE 25

PHOTO DISPLAY OF ORIGINAL AND INTEGRATED HOT GAS SIGNALS
FROM THE LASER DOPPLER INSTRUMENTATION
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lS.b ll secC
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Fig 14 2 component, simultaneously acquired,
LV signals
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AUTHOR 'S AFTERWORD

Dr. Gclaschmidt is of course correct that the equation of motion for a
cingle particle is given here is incomplete. However, for the case of interest
to us, of particles in air, the density of the particle is very much greater
than the density of the fluid, and as shown by Hinze (Turbulence, 1959, pp 352-
264), the additional terms involving acceleration of the air may be neglected
to good approximation.

In re-examining the question of the frequency response required in order
that particles will follow turbulent fluctuations, we realized that we had been
wrong in assuming that the frequency response required of the particles could
be estimated from the frequencies measured with hot wires. The considerations
which led us to this conclusion, while not new, may not be generally appreciated
in connection with the LDV seeding problem, so we would like to call attention
to them,

A hot-wire probe is fixed with respect to & tunnel or surface, and samples
the fluctuations that are convected past it at some mean velocity. The frequency
that the wirc must follow to describe the turbulence depends on the wave number
(reciprocsl of distance between fluctuations) and on the mean velocity. For
the smull sesle turbulence in & hypersonic boundary layer, this frequency
becomes very large, on the order of lO5 Hz.

The response required of our seeding particles is altogether different.

The particles, injected into the flow somewhere well upstream of the sample
volume, ~an be considered to be nearly embedded in the local flow. Each particle
must, respond o changes in the velocity of the local air volume in which it is
embeddedd, as this volume becomes entrained in a growing eddy or leaves a decay-

ing cn:. 'be appropriate index for the particle response is the ratio of a
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3-DIMENSIONAL VELOCITY INSTRUMENT
Fig. 2
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Figure

]
o N

(a) Shows the variation of mean velocity and turbulence
behind a wedge in a Mach 1.6 wind turnel using ice
particles as 'probe particles'. The distances behind
the wedge are ~lcm, -5cms, -10cms, -25cms. The maximum
frequency shift corresponds to 930 MHz.

(b) Turbulence profile from a 'divergent-convergent'
free 'oil-jet'.

The peak on the left in each figure is that of the
reference unshifted laser light. The width of this
peak corresponds to the bandwidth of the Fabry-Perot.
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Ammonium Sulphate Particles
527

Magnification 42000x

Figure 1
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