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Abstract This paper describes the tagging velocimetry system for measuring the velocity distributions on
multiline using photothermal grating. Firstly, the grating is induced by multibeam interference to make the
grating image sharp. The sharp grating reduces the influence of molecular diffusion, which is inherent
problem in molecular velocimetry. Secondly, the gratings of wide interval are induced by the use of
diffraction gratings without and with modulation, to measure velocity in wide range. To detect the change of
refractive index by the photothermal effect, we used the CCD-LD differential interferometer, which was
developed in our previous study. The interferometer has functions of spatial and temporal differentiation for
reducing the influence of phase fluctuations due to turbulent mixing.

1. Introduction
Particle Image Velocimetry (PIV)], [Adrian (1991)] and Doppler Global Velocimetry (DGV),
[Meyer (1995)] have been developed for the measurement of flow velocity distributions. However,
these methods need to seed scattering particles in flow. This is not desirable in many testing
environments. For example, the seed particles do not faithfully reproduce the gas flow in high
speed. Especially, flow diagnostics in clean room in vacuum chamber for semiconductor production
need to keep the field clean. These reasons have provided ample motivation for investigating
unseeded molecular velocimetry methods. Several molecular-based methods have been developed
to alleviate the problems associated with seeding flow. In practice, many of these methods exhibit a
new set of drawbacks.
For example, Doppler-based methods suffer from poor dynamic range and yield large
measurement in lower velocity limits [Miles and Lempert (1990)]. Ozone tagging velocimetry
using photodissociation needs to take 20 µs for induction of the ozone [DeBarver, Rivarver,
Wehrmeyer, Batiwata, and Pitz (1998)]. To be freed from these problems, molecular velocimeter
using photothermal effect have been investigated [Nie, Hane and Gupta (1986)] and [Nakatani
(1994), (2000), (2002)]. In the velocimeters velocity distributions are measured point by point. In
our previous study we developed the tagging velocimetry for the velocity distributions of gas flow
on one line using the photothermal effect. [Nakatani (1998)].
This paper describes the tagging velocimetry system for measuring the velocity distributions on
multiline using photothermal grating. Firstly, the grating is induced by multibeam interference to
make the grating image sharp. The sharp grating reduces the influence of molecular diffusion,
which is inherent problem in molecular velocimetry. Secondly, the gratings of wide interval are
induced by the use of diffraction gratings without and with modulation [Nakatani et al.(1988)], to
measure velocity in wide range. To detect the change of refractive index by the photothermal effect,
we used the CCD-LD differential interferometer, which was developed in our previous study
[Nakatani(1998)]. The interferometer has functions of spatial and temporal differentiation for
reducing the influence of phase fluctuations due to turbulent mixing.
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2. Measuring system
Make The schematic diagram of the tagging velocimetry system are shown in Fig. 1
A
jet of a gas mixture of nitrogen and ethylene is used as a flow. A pump beam is irradiated to flow
for producing a photothermal tagged line. The photothermal tagged line is conducted downstream
and is observed by the differential interferometer at the time-of-flight delay. The difference in the
phases between the measuring points is measured for obtaining the velocity distribution. The
differential interferometer developed by smith (1955) is used for detecting phase change by
photothermal effect. A laser diode of 635 nm in wavelength, 100 mW in power and single mode is
used as a light source of double pulses. Because the laser diode is suitable to make short pulse light
in high frequency. The phase difference at two points is detected. The laser beam is collimated by a
lens L1. The polarization direction of the laser beam is rotated at angle of 45 degree to the optic axis
of a Wollaston prism with a half wavelength plate HWP between the lens L1 in focal length of 100
mm and the flow field. After the laser beam passes through a flow field, the beam is focused into a
Wollaston prism WP in dividing angle 2.5 mrad witha lens L2 in focal length 200 mm for dividing
two beams. The pair beams are passed through an analyzer AN and are interfered on image plane.
The phase difference at two points of objects separated by the distance 0.5 mm between the pair
beams is detected. The operating point of the interferometer at a detector output signal is set at the
maximum inclination point of a fringe intensity curve by displacement of the Wollaston prism WP.
To reduce the influence of phase fluctuation in turbulent flow, we use a digital CCD camera
synchronization in association with double pulses of the laser diode for recording images of the
differential interferometer. The interference images before pumping and after pumping are
recorded, as shown in Fig. 2. The pulses of the laser diode LD are generated between closely two
frames in a digital CCD camera, which has the same exposure function as that used in the PIV
technique. To reduce the fluctuation of phase difference due to turbulence, optical distortion and
noise, the images before pumping and after pumping are differentiated by the image processor.

Fig. 1 The measurement system of flow velocity distribution using a differential interferometer.
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Fig. 2 The external synchronization of the CCD camera cycle with the pulses of a laser diode and the pumping
pulse laser.

3. Multibeam pumping system and experimental results
We use three beam interference for observing local field in high spatial resolution by inducing
sharp photothermal grating. We used a multi slit system shown in Fig. 3. The length of the three
rectangular slits used is 5 mm and the width 0.50 mm. The interval between slits is 2 mm. The slits
are made by a stainless steal in thickness of 0.100 mm for enduring the energy of CO2 laser. Three
beam pumping using the slits is compared with two beam pumping. The intensity distribution of the
photothermal grating detected by the differential interferometer system shown in Fig. 2 is shown in
Figs. 4 and 5. The photothermal grating fringe induced by three beam interference is sharper than
that by two beam interference.
Using jets of a 9:1 in volume mixture of nitrogen and ethylene, we confirmed that this
measurement system using multibeam interference pumping is useful to measure the flow velocity
distributions on multiline under turbulent phase fluctuation. A typical velocity distribution image
obtained by three beam interference is shown in Fig. 6. This technique is useful to measure change
of velocity gradients in a local field.
The photothermal gratings are induced by pumping by the use of diffraction gratings
without and with modulation for observing wider field comparing with multibeam interference
method. The grating without modulation is made by stainless steal of 0.100 mm in thickness for
enduring the energy of CO2 pulse laser. The width of the blank and transparent part in the
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rectangular slit is 0.25 mm, that of the filling and opaque part 0.25 mm, the length 10 mm, and the
period 0.5 mm. The results of the demonstration using this diffraction grating are shown in Figs. 7
and 8. Fig. 7 shows the intensity distribution of photothermal grating observed by the differential
interferometer. The ratio of intensity of 1st order to that of 0th order about 0.5. The period of the
photothermal grating is 1.06 mm. The fringe is sharp by multiple interference pumping. In Fig. 8
we can see the slight transition of jet. The diffraction grating with modulation is used for observing
wider field compared with the method of the grating without modulation. The structure of the of the
diffraction grating of a pulse width modulation is shown in Fig. 9. The intensity distribution of the
photothermal grating induced by this modulation diffraction grating is shown in Fig. 10. The period
of the photothermal grating is 1.03 mm. We can observe flow velocity distribution on 7 lines by
photothermal grating. The result of the demonstration using this diffraction grating is shown in Fig.
11. We can see the transition of jet in wide field. As we use the amplitude grating in this study, the
intensity of 0th order diffraction beam is larger than that of higher order diffraction beam. To
improve the intensity difference between each beam, we will report shortly the result by the use of a
phase diffraction grating.
The diffraction gratings make it possible to induce photothermal grating of wide interval and 3
- 9 lines.

Fig. 3 Two or three focused pump beams by the use of slits of rectangular holes.

Fig. 4 Typical intensity distribution of photothermal grating by two beam interference.
Elapsed time after pumping 4µs.
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Fig. 5 Typical intensity distribution of photothermal grating by three beam interference. Elapsed time after
pumping 4µs

Fig. 6 Typical pattern of flow velocity distributions on multiline by three beam interference.
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Fig. 7 Typical intensity distribution of photothermal grating by the use of the diffraction grating without
modulation. Elapsed time after pumping 29 µs.

Fig. 8 Typical pattern of flow velocity distributions on three lines by the use of diffraction grating without
modulation.
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Fig. 9 Structure of the diffraction grating with pulse width modulation for 5-7 lines
photothermal grating. Unit is µm.

Fig. 10 Typical intensity distribution of photothermal grating by the use of the diffraction grating with pulse
width modulation, Elapsed time after pumping 29µs.
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Fig. 11 Typical pattern of flow velocity distributions on seven lines by the use of the diffraction grating with the
pulse width modulation.
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