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Abstract. We used time-resolved light scattering of cw probe
laser radiation from laser-induced electrostrictive gratings
for the determination of flow velocities in air at room tem-
perature. Some possibilities of the technique have been ex-
perimentally demonstrated with submerged planar air jets
in atmosphere, both for accumulated and single-shot meas-
urements. The range of investigated flow velocities was
5–200 m/s. The method of data treatment and of the estimate
of the experimental parameters is described.

PACS: 42.62.-b; 47.62.+q; 43.58.+z

To characterise a reacting gas flow, as represented for ex-
ample by a flame, one has to perform local measurements of
temperature, density, and velocity. Various four-wave mixing
techniques, in particular coherent anti-Stokes Raman scat-
tering (CARS) [1], have been used for the non-intrusive
determination of temperature and density. Modern systems
for flow velocity measurements have attained a high level
of technological development. Laser Doppler anemometry
(LDA) [2] and particle imaging velocimetry (PIV) [3] became
commercially available during recent years. However, these
methods rely on seeding of the flow with particles, which nar-
rows the field of their applicability. Flow velocity measure-
ments without seeding have been accomplished employing
Doppler shift of atomic or molecular absorption or Raman
frequencies detected by either linear [4] or non-linear [5–7]
optical methods. Rayleigh scattering has also been regarded
as a method to perform flow velocity measurements in pure
gases [8]. The flow tagging technique [9] needs no seeding
and is based on marking the flow components with one laser
and monitoring the temporal evolution of the marked species
in space with another laser.

Recently, it was proposed to determine jet flow veloci-
ties by employing resonantly excited laser-induced thermal
gratings in a moving gas and by accomplishing the inter-
ferometric measurements of the Doppler frequency shift of
the scattered probe laser pulse [10]. Alternatively, if a laser-
induced grating is formed by a pulsed laser and a cw laser
is used to read it out, the temporal evolution of the grating

can be followed. In the present paper we report, for the first
time, on the experimental demonstration of the possibility to
use the analysis of the temporal evolution of non-resonantly
excited laser-induced electrostrictive gratings for the deter-
mination of flow velocities.

1 Theoretical considerations

1.1 Laser-induced gratings

Laser-induced gratings are spatial modulations of the com-
plex refractive index of a medium produced by the field of
the interference pattern, which is formed by two equally po-
larized pump laser beams [11–14]. The beams have the wave
vectorsk1 andk2 and intersect at an angleθP (see Fig. 1a).
Laser-induced electrostrictive gratings (LIEGs) are generated
by pump laser beams of arbitrary wavelengthλP. The elec-
tric field of the interference pattern polarizes the medium, and
the spatial inhomogeneity of the field exerts a force acting
inside the medium. As a result, ultrasound waves are gener-
ated, with their wavelength defined by the fringe spacing of
the interference pattern

Λ = λP/2 sin(θP/2) = 2π/|q|, q = k1 −k2. (1)

These ultrasound waves are spatially overlapping and propa-
gate in opposite directions along thex axis with the wave
vectorsq and−q, normal to the planes of the fringes (see
Fig. 1a), thus forming a standing wave and thereby a spatially
periodic density variation that oscillates in time. The effect-
ive length of the gratingL along they axis (the length of the
volume excited by the pump beams) can be estimated as

L ∼= 2(w0/
√

2)/ sin(θP/2) = √
2Λ(2w0/λP) � Λ, (2)

where 2w0 is the diameter of the pump beams in the cross-
ing area. Such gratings can be efficiently read-out by radiation
from another laser with arbitrary wavelengthλR using Bragg
diffraction (coherent scattering). In this case the angleθR be-
tween the wave vectorkR of the read-out beam and the planes



586

Fig. 1a,b. The scheme of the interaction of the laser beams in the course
of excitation and probing of laser-induced gratings:a a grating in a ho-
mogeneous medium;b scattering from a grating simultaneously excited
both inside and outside the spatially limited flow; the part of the probe
volume located outside the flow, in the gas at rest, and the corresponding
contributions to the scattered radiation, are shown with hatching

of the fringes should be given by the relation:

sinθR = (λR/λP) sin(θP/2). (3)

The requirement for Bragg diffractionλRL/Λ2 > 1, ex-
pressed in our case as

√
2(λR/λP)(2w0/Λ) > 1 , can be easily

satisfied by the appropriate choice ofλP, λR, 2w0 and the
geometry of the experiment.

If there is no absorption at the wavelengthλR of the read-
out beam the scattering efficiencyη of a laser-induced grating
is [11]:

η = PS

PR
=

[
πL

λR
δn

]2

≈
[
πL

λR

(
∂n

∂�

)
T

δ�

]2

. (4)

Here, PS and PR are the powers of the scattered and of the
read-out laser beams, whereasδn and δp are the variations
of the refractive index and the equilibrium gas density across
a fringe of the grating. Equation 4 takes into account that
the dependence of the refractive index on temperature is usu-
ally small in a gas and can be neglected as compared to the
change of the refractive index caused by the variation of gas
densityδ�.

The density variations affected by electrostriction can be
quantitatively described using the linearized hydrodynamic
equations [13, 14]. The solution of these equations, which
is obtained under the conditions of weak acoustic damp-
ing, is a superposition of a standing ultrasound wave, cre-
ated by electrostrictive adiabatic compression of the medium,
and a stationary density modulation, due to the local tem-
perature variation resulting from the adiabatic compression.
Compared to the density variation caused by the standing ul-
trasound wave, the stationary density modulation is small and
can be neglected. For the excitation by an infinitely short
laser pulse at the initial momentt = 0 this solution can be
expressed att > 0 as

δ� ∼= A {sinΩt exp(−t/τa)} cos(qx), (5)

where the frequency of the standing ultrasound waveΩ =
2πvs/Λ is determined by the adiabatic sound velocityvs, τa
is the damping constant of the ultrasound wave, andx is the
coordinate along the direction ofq. The scale factorA in (5)
is determined as

A = 4π

Λvsc
γe

[
(W1W2)

1/2
/

S
]
. (6)

Here, γe = �0(∂ε/∂�) denotes the electrostrictive constant,
with �0 andε being the equilibrium (i.e. spatially homoge-
neous) mass density and the dielectric constant, respectively,
c is the speed of light,W1,2 are the pump pulse energies, andS
is the cross section of the pump beams. Hence, in accordance
with (4) and (5), the temporal evolution of the power of the
beam, diffracted on the standing acoustic wave, shows a regu-
lar high-frequency oscillation with a periodπ/Ω = Ta/2,
whereTa = Λ/vs is the acoustic wave period. In an ideal gas,
the adiabatic sound velocity is independent on pressure, and
is given by (see for example [15])

vs =
√

γ
R

M
T , (7)

whereT denotes the temperature,γ = cp/cV the ratio of the
specific heat at constant pressure and volume,M the molar
mass, andR the universal gas constant. In a real gas there is,
however, a weak dependence ofvs on pressure.

The amplitude of an ultrasound wave in a gas is damped
due to viscosity and heat conduction:

τa = 2
(

Λ

2π

)2 {
1

�0

[
4

3
µ+ (γ −1)

κ

cp

]}−1

, (8)

whereµ is the dynamic viscosity, andκ is the thermal con-
ductivity. The time constantτa scales asΛ2 and is pro-
portional to the gas density�0, so that the conditions of
weak acoustic dampingTa/2π � τa are fulfilled the better the
higher the density is. However, usually in the experiments the
focused beams are employed, so that the oscillation ofη usu-
ally decays faster than can be expected based on the estimated
value of τa. In this case the decay time constant is primar-
ily determined by the rate of the relative displacement of the
two initially overlapped and counter-propagating ultrasound
wave packets, which form the standing wave. For beams with
a Gaussian profile of the transverse intensity distribution the
decay of the oscillation of the LIEG scattering efficiency due
to this displacement can be characterised byτtr = w0/

√
2vs

(acoustic transit time). To describe the effect quantitatively
with reasonable accuracy, the damping factor exp(−t/τa) in
(5) should be replaced by exp(−t/τa− t2/τ2

tr). If τtr � τa the
influence ofτa is negligible.

The spatial resolution of the LIEG technique along they
axis (the bisectrix of angleθP) is determined by the effect-
ive length of the gratingL. In accordance with (2),L ∼ Λw0,
and the spatial resolution can be improved, if required (i.e.L
can be decreased), at the expense of a reduction ofΛ, by en-
hancement of the intersection angleθP, and/or a reduction of
w0, by tighter focusing of the pump beams. Employing (2)
and (4)–(6) it can be easily shown that for the scattering ef-
ficiencyη of a LIEG the relation is valid:η ∼ (Lδ�)2 ∼ w−2

0 .
Thus, with the improvement of the spatial resolution the peak



587

power of the scattered radiation remains constant ifΛ is re-
duced, or is growing ifw0 is reduced. In this case it should be
noted that with the reduction of parametersΛ andw0 the de-
cay time constantsτa ∼ Λ2 andτtr ∼ w0 are also decreasing,
The minimum of these two values determines the life-time of
a LIEG and the number of the observed oscillation peaks of
the scattering efficiencyη, respectively. Thus, the decrease of
L, if needed, should be started from the reduction of that pa-
rameter,Λ or w0, which corresponds to the maximum decay
time constant at a given experimental configuration.

1.2 Method of flow velocity measurement

In the case when a LIEG is excited inside a flow, the cen-
tral frequency of the scattered light experiences a Doppler
shift proportional to the projection of the flow velocity to
the vectorq. Besides interferometric measurements, this shift
can be determined by applying the usual heterodyne light
detection scheme, through mixing of the frequency-shifted
scattered radiation with the reference one, at the un-shifted
frequency of the read-out beam, and measuring a beating
frequency in a signal from a photodetector. At the measure-
ments in spatially-limited flows (jets) the radiation scattered
by a LIEG, which is simultaneously excited in the ambient
quiscent gas if the length of the excited volume exceeds the
width of the jet, can be employed as a reference radiation,
with the central frequency equal to that of the read-out beam.

Such an approach has been realized in our experiments,
where all the measurements were carried out in submerged
planar air flows produced by a slot nozzle at room tempera-
ture. The plane of the nozzle was aligned to be parallel to the
x, y plane defined by the wave vectorsk1 andk2 of the two
pump beams, with the wide side of the slot directed along the
y axis. The effective length of the grating exceeded the width
of the slot, so that the LIEG was located partly inside and
partly outside the jet flow.

In the plane-waves approximation the field of the read-out
radiation is

ER (r, t) = ER (t) exp(−iωRt + ikRr)+c.c., (9)

whereER(t) is the complex wave amplitude, andωR is the an-
gular frequency. Correspondingly, the field of the radiation,
which is scattered by the standing ultrasound wave in the di-
rectionkS = kR +q , is given by

ES (r, t) = ES (t) exp(−iωRt + ikSr)+c.c.. (10)

The complex amplitudeES(t) inside the medium which
moves with the velocityv along thex axis can be expressed,
in accordance with (4) and (5) and taking into account the
Doppler effect, as

ES(t) ∝ L
(
n�0

/
vs

)
(∂n

/
∂�)2δ� exp(iqvt)

×sinΩt exp(−t
/
τa). (11)

Here the relationγe = �0(∂ε/∂�) ≈ 2n�0(∂n/∂�) was used.
When a part of the excitation and probe volume is inside the
flow and the other part of it is located outside, in quiescent
gas, as it was in our experiments, the coherently scattered
radiation field outside the probe volume is a sum of contri-
butions from these two areas:ES(t) = ES in(t)+ ES out(t) (see

Fig. 1b). For the case of a quasi-rectangular velocity distri-
bution along the length of the probe volume, i.e. along they
axis, the amplitudes of the two contributions can be written as

ES in(t) = B exp(i(v
/
vs0)Ω0t) sinΩt exp(−t

/
τa), (12)

and

ES out(t) = C sinΩ0t exp(−t
/
τa0), (13)

where the coefficientsB andC are determined, in accordance
with (11), by the properties of the medium, and by the interac-
tion lengths inside the scattering volumes. Subscript 0 refers
to the quiescent gas. The sound velocity and hence the fre-
quency of the acoustic wave inside the flow is defined by the
local temperature.

One obtains for the temporal evolution of the scattered
power, which is determined by the interference of the contri-
butions from inside and outside the flow,

PS(t) ∝ ESE∗
S ∝ B2 sin2 Ωt exp(−2t

/
τa)

+C2 sin2 Ω0t exp(−2t
/
τa0)

+2BC cos((v
/
vs0)Ω0t)

×sinΩt sinΩ0t exp(−t
/
τa− t

/
τa0). (14)

The Doppler shift results in an amplitude modulation of the
usual, high-frequency oscillating temporal shape of a LIEG
signal, with the low modulation frequencyΩm = (v/vs0)Ω0,
which is proportional to the jet velocity. If the jet is consti-
tuted by the same gas and at the same temperature as the
ambient quiescent medium, thenΩ ≈ Ω0, τa ≈ τa0, and (14)
reduces to

PS(t) ∝ (B2 +C2) {1+m cos(Ωmt)} sin2 Ω0t exp(−2t/τa0),
(15)

where the modulation coefficientm = 2BC/(B2 +C2) is de-
termined by the ratio of the amplitudes of the light scattered
from inside and outside the flow. For no flow conditions, i.e.
v = 0, (15) describes a LIEG of lengthL, with the scattered
power proportional to(B +C)2. For the jet of the same gas
and temperature as the ambient medium the modulation co-
efficient m in (15) reaches its maximum atL = 2d, where
d is the width of the jet. This value ofL is related as de-
scribed above, viaΛ and w0, to the minimum decay time
constant that determines the numberN of the observable
peaks of the scattering efficiencyη and thus defines a mini-
mum measurable flow velocity asvmin ∼ vs0/N. To apply (15)
to the case of spatially limited, focused beams the damping
factor exp(−t/τa) has to be replaced, as pointed above, by
exp(−t/τa− t2/τ2

tr).

2 Experimental arrangement

The experimental set-up for generation and detection of
LIEGs is similar to that one described in [13, 14], and only
the most salient features will be repeated here. Two pump
beams of parallel, linear polarization, provided by a pulsed
Nd:YAG laser at wavelengthλP = 1064 nm (10 Hz, 20 mJ,
∆v ≈ 1.1 cm−1, τP ≈ 5 ns), are focused by the same telescope
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( f = 2500 mm) and intersect in the measurement region
at an angleθP ≈ 1.6◦. The generated laser-induced grat-
ing has a fringe spacingΛ ≈ 37µm. A cw Ar+-ion laser
(λR = 515 nm, 1 W) furnishes the read-out beam. It is focused
by a lens( f = 1000 mm) and is aligned to enter the inter-
action volume opposite to the direction of the pump beams
at the angleθR, that satisfies the Bragg condition given by
(3). The coherent radiation scattered by the LIEG is colli-
mated and directed over a distance of about 5 m onto the
aperture of a photomultiplier tube. The time-resolved acqui-
sition of the signal is performed by a digital oscilloscope
with a full bandwidth of 500 MHz and a 1 GHz sampling
rate.

A slot nozzle to produce submerged planar air flows at
room temperatureT = 293 K wash = 1.5 mm in height and
d = 18 mm in width. We manufactured the nozzle by squeez-
ing one end of a copper tube, so that a channel with a quasi-
rectangular cross section and a length of about 20 mm was
formed. The probe volume was moved as close as possible
to the nozzle exit, to a distance of about 1 mm from it. We
estimated the effective length of the grating to beL ≈ 70 mm.

3 Measurements and results

The temporal evolution of the signal, which is obtained from
a grating formed in ambient air at the exit of the nozzle
without any flow (Fig. 2a), shows a regular high-frequency
oscillation with a periodTa/2 = 54.4 ns. This oscillation is
due to the standing ultrasound wave in the probe volume
and decays by acoustic damping and as a result of the fi-
nite size of the pump beams. The signal, displayed in Fig. 2a,
is averaged over 100 laser shots. Its temporal evolution is
well described by (15). We obtained the fringe spacing of
the gratingΛ = 37.3µm from the measured acoustic wave
periodTa by using the literature value of the sound velocity
in air vs0 = 343.4 m/s atT = 293 K [16]. Transport parame-
ters and heat capacities taken from [16] allow for an estimate
of the acoustic damping constantτa = 2.53µs by using (5).
This value ofτa was fixed in the fitting procedure, whereas
the acoustic transit timeτtr, regarded as a variable parame-
ter, was determined to beτtr = 1.48µs, in accordance with
the estimated diameter of the pump beams in the crossing
region.

An air flowing through the nozzle leads to the occurrence
of a superimposed low-frequency modulation of the signal
due to heterodyne mixing of light with Doppler-shifted fre-
quency – from inside the flow, and frequency un-shifted light
– from outside the flow (see Fig. 2b). An enhancement of the
flow velocity results in a shorter period of this modulation
(Fig. 2c). For the wide range of flow velocities employed in
our experiments (5–200 m/s) the temporal behaviour of the
signal is reasonably well described by (15), with an average
value of modulation coefficient〈m〉 = 0.7. This coefficient
was determined from a number of values independently de-
duced from fits of the temporal evolution of the signal for dif-
ferent flow rates. From the width of the nozzled = 18 mm and
an estimated length of the interaction volumeL = 70 mm one
can deduce the modulation coefficientm = 0.6. This value is
in reasonable agreement with the experiment, as far as a small
natural divergence of the jet along the flow axis would re-
sult in an enhancement of the jet width and therefore in an

Fig. 2a–c. The temporal evolution of the signals obtained from the LIEGs
excited near the edge of a slot nozzle (each of the signals is averaged over
100 laser pulses);dashed curves show the best-fit signal profile calculated
using (15):a in the absence of the flow;b in a submerged air jet withvQ =
25.2 m/s; c in a submerged air jet withvQ = 94.4 m/s

increase of the modulation coefficient. Thus,m = 0.7 would
correspond to the jet widthd = 21 mm.

We verified the proportionality between the frequency
Ωm of the overlaying modulation of the LIEG signal and
the air flow rate in the range 10–200 l/min. Figure 3 de-
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picts a comparison between the flow velocitiesv, calcu-
lated asv = vs0(Ωm/Ω0) from the values given by fitting
the experimental data, and the average flow velocitiesvQ ,
estimated asvQ = Q/SN from flow ratesQ and the noz-
zle cross sectionSN. The correlation coefficient ofv and
vQ values is 0.9997. However, the proportionality coeffi-
cient v/vQ varies in the range of 1.00–1.15 for indepen-
dent adjustments of the probe volume position inside the
flow. This fact can probably be ascribed to the inhomo-
geneity of the velocity distribution across the height of the
jet (along thez axis) and a small displacement (x/h ≈ 1)
of the probe volume from the nozzle exit. The lower limit
of velocities (in fact, frequenciesΩm) that could be reli-
ably measured is determined by the decay time of a LIEG,
which in our case is defined primarily by the acoustic transit
timeτtr.

The acoustic wave periodTa was determined at differ-
ent flow rates as independent fitting parameter of the model
and is plotted in Fig. 4 as a function of the average flow vel-
ocity vQ (note thatvQ ≈ v). Its variation, though relatively
small, shows a characteristic quadratic dependence. This is
represented by the dashed line in Fig. 4. Apparently, the
measured quadratic dependenceTa ≈ Ta0(1+0.07(vQ/vs0)

2)
at (vQ/vs0)

2 � 1 may reflect the slight decrease of the local
temperature and hence of the sound velocityvs ≈ T−1

a in the
expanding gas flow, that is described by the relation [15]

vs = vs0

√
1− (γ −1)

2

(
v
/
vs0

)2

≈ vs0

(
1− (γ −1)

4

(
v
/
vs0

)2
)

, (16)

where(γ − 1)/4 = 0.1 in the case of air. Note that in fact
the values of parameterTa obtained as a result of fitting the
signal temporal shapes with (15), that was reduced from the
more general (14), are averaged over the width of the jet
and besides are somehow intermediate between those for the

Fig. 3. The correlation between the values of the measured local flow vel-
ocity v, at a fixed location of the probe volume as related to the nozzle edge,
and average flow velocityvQ , determined from the gas flow rate and the
nozzle cross section. The dashed line shows the linear approximation of the
dependence

Fig. 4. The dependence of the acoustic wave periodTa on the average flow
velocity vQ . The corresponding approximating function is shown with the
dashed line

quiescent gas and the corresponding velocity-dependent char-
acteristic of the gas flow.

We demonstrate that the LIEG technique allows sound
and flow velocities to be measured by a single laser shot
(∼ 5 ns). Comparing the values derived in a stationary flow
from a signal averaged over 100 laser pulses (Fig. 5a) with
those from single-shot signals, characterised by significant
pulse-to-pulse amplitude noise (see Fig. 5b), one observes
a good reproducibility of the sound and flow velocity deter-
mination. As a confirmation, Fig. 6 presents the normalized
histograms of periodsTa and velocitiesv obtained from 100
single-shot LIEG signals, that were registered at the same sta-
tionary flow conditions (vQ = 31.5 m/s). Both distributions
can be reasonably fitted to a Gaussian probability density
function, with the standard deviation equal to 0.20 ns (0.2%)
for the acoustic wave periodTa and to 1.8 m/s (5%) for the
flow velocity v. The slight asymmetry of the velocity distri-
bution at the side of lower values probably corresponds to
the observed gradual 4% decrease of the flow rate during the
period of data recording.

The high spatial resolution of the LIEG technique inz
direction (about 0.2 mm) is demonstrated, for instance, by
measurements of the jet velocity profile across the nozzle
(Fig. 7). The measurements have been performed with a step
of 0.1 mm at a distancex = 1 mm (x/h ≈ 0.7) from the noz-
zle exit. The velocity distribution obtained is almost flat near
the flow axis and steeply varies in the regions of geometrical
boundaries of the jet. The value of the modulation coeffi-
cient m determined as an independent fitting parameter at
different z is practically constant inside the jet (m ≈ 0.73)
and, as expected, sharply decreases near its boundaries (see
Fig. 7), in accordance with the fact that the length of the grat-
ing located inside the flow becomes shorter. This plagues the
determination of smaller velocities in the boundary layers of
the jet. Averaging of the velocities overz within the limits
−h/2 ≤ z ≤ h/2 givesvQ = 33.3 m/s, in a fairly good agree-
ment with the experimentally estimated valuevQ = 32.7 m/s.

Last but not the least, it should be noted that, together
with the determination of the flow velocity, the analysis of
the LIEG signal temporal evolution allows for simultaneous
gas thermometry in the same probe volume. Temperature can
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Fig. 5a,b. Comparison ofa averaged andb single-shot LIEG signals, ob-
tained at the same stationary flow conditions (vQ = 31.5 m/s)

be deduced from the adiabatic sound velocityvs via (7). This
has been demonstrated under conditions of a static heated cell
in [17]. The results of LIEG-signals measurements in our ex-
perimental configuration, which are presented in Fig. 4 and
refer to adiabatically cooled gas flow, also show the promise
to obtain information on gas temperature. Experiments with
submerged heated jets in room air, aimed at verifying these
possibilities of the presented LIEG technique, are now in
progress.

4 Conclusion

We demonstrated that time-resolved measurements of power
of light scattered from laser-induced electrostrictive grat-
ings can be employed for the determination of jet flow
velocities. The principle of the technique consists in local
“seeding” of the jet with a laser-induced standing ultrasound
wave and heterodyne detection of the radiation scattered
by this wave. The method employed provides the feasibil-
ity to accomplish not only accumulated, but also single-shot
measurements.

Fig. 6a,b. The normalized histograms of data obtained from 100 single-
shot LIEG signals, registered at the stationary flow conditions (vQ =
31.5 m/s): a distribution of acoustic wave periods Ta (bin width is 0.1 ns);
b distribution of flow velocitiesv (bin width is 1 m/s)

Fig. 7. The measurements of the jet flow velocity (open squares) and of
the modulation coefficient (solid squares) profiles across the height of the
nozzle (vQ = 32.7 m/s). Thedashed lines are the guides for the eye

The possibilities of the technique have been experimen-
tally demonstrated for submerged jet flows in air for a wide
range of flow rates. The experiments showed that lower
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flow velocities, as compared to those provided by optical in-
terferometric measurements of the Doppler frequency shift
of light scattered by a laser-induced grating, can be meas-
ured and good precision can be achieved. However, a com-
parison of data provided by the LIEG technique with the
results of already established velocity measuring methods
would be of interest to be performed for verification of our
approach.

The limitations of the presented experimental technique,
such as (a) requirement of the quiescent gas around the flow
as a source of the reference wave for heterodyning and (b)
low spatial resolution along the length of the probe vol-
ume, should be noted. By now, the work has been performed
aimed to modify the experimental arrangement in order to be
able to employ LIEGs with an effective length shorter than
the width of the flow, and the first measurements have been
accomplished [18].

The lower limit of measurable flow velocities is deter-
mined by the relatively short LIEG decay time, related to
acoustic damping constant or acoustic transit time. Possibil-
ities are investigated to use laser-induced thermal gratings for
similar measurements, as far as they represent longer-living
stationary spatial modulations of the refractive index, so that
the determination of smaller flow velocities should become
feasible.
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