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Vladimir Zharov'r énd Nabil M. Amer
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Abstract

Pulsed photothermal deflection was used to spatially map out flow velocity profile and to
determine absolute flow velocities.

" Work supported by the Director, Office of Energy Research Physical and Technological
Reference Division of the U.S. Department of Energy under Contract No. DE-AC03-765F00098.

' Permanent Address: Department of Biomedical Instruments, Moscow High Technical
School, Moscow, USSR, 107005. '
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Pulsed photothermal deflection detection provides a unique tool for the spatially-
resolved, in situ characterization of flowing fluids. Basically, this approach is based on
time-of-flight concept where a probe beam spatially scans the vicinity of an optically-
heated region of the fluid. The temporal behavior of the deflection signal yields such
information as the absolute flow velocity and its distribution profile.

In Figure 1 we show a schematic representation of the experimental arrangements.
The optical heating was produced in the fluid (water) by the absorption of Nd:YAG, 10
nSec., 50 mJ laser pulses. The thermally-induced transient deflection of a cw HeNe
laser probe beam was monitored with a position sensitive detector. Two detection
schemes were employed:colinear and transverse.1 The shape of the observed signal for
the case of a cylindrical tube is also shown in Figure 1. The waveform of the deflection
signal is determined by the gradient of the temperature distribution of the optically-
heated volume along the direction of the flow. In Figure 2, we show the dependence of
the signal amplitude and width on the distance between the pump and probe beams. It
can be seen that the amplitude decreases and the width increases as the distance is
increased. This is a direct consequence of thermal diffusion. We have found that ther-
mal time response is inversely proportional to flow velocity (Figure 3). It should be
noted that the sensitivity of this scheme enabled us to measure a deflection signal at
distances up to 30 mm between the pump and probe beams at flow velocity 30 cm/sec.
Preliminary results indicate that in case of spatial coincidence of pump and probe
beams, the deflection signal amplitude is independent of flow velocities of the range of
0.01-30 cm/sec (for tube diameter of 3 mm). At higher velocities, the onset of tur-
bulence introduces detectable noise. The determination of the absolute flow velocity
was accomplished by measuring the time delay between the deflection signal from the

" Work supported by the Director, Office of Energy Research Physical and Technological
Reference Division of the U.S. Department of Energy under Contract No. DE-AC03-78SF00098.

T Permanent Address: Department of Biomedical Instruments, Moscow High Technical
School, Moscow, USSR, 107005.
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two probe beams as shown in Figure 4. This value can also be readily obtained using'

only one probe beam with the pump beam laser pulse as a time reference point.

To determine the spatial profile of the flow velocity, we either scanned both the
pump and probe beams; or more simply translated the fluid container in space. The
results are shown in Figure 5-8. It can be clearly seen that the flow in this case is lam-
inar as evident from the parabolic profile of the velocity distribution (Figure 5).

In conclusion, we have presented a noncontact in situ photothermal method for the
characterization of fluid flow. An added attribute of this method is that it provides high
spatial resolution (10_8 cm3) and possibility of simultaneous determination of concen-
tration, flow velocity and temperature by measuring amplitude, time delay and width of
the deflection signal. The theory of photothermal deflection method in flowing media
will also be presented and possible applications for the study of turbulence, flames and
liquid chromatography will be discussed.
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Figure 1 = Schematics of the experimental arrangement for noncontact monitoring
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Figure 2
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Figure4 The deflection signals of the two probe b
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