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Fig. 1.

Forward Box DFWM geometry.
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Fig. 2. Schematic diagram of DFWM apparatus.
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Fig.3. DFWM spectrum of the A-X(O’- ”) band
of NO. Ambient pressure dependence was
measured at R;(6.5).
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Fig. 4. DFWM signal intensity of NO vs. buffer
gas pressure. Experimental condition: total
pressure = 10 Torr of the indicated buffer gas,
NO partial pressure = 30 mTorr. Symbols are
experimental data of present study at indicated
buffer species. Solid and dashed curves are
calculations using present model equations (2)-
(6) for He and CO: buffer gases, respectively,
where population decay rate constant is given as:
1.5x 10! cm3/s (He) and 3.5 x 101 cm3/s
(COy) (see text).
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Fig. 5. LIF signal intensity of NO vs. buffer gas
pressure. Experimental condition: total pressure
=10 Torr, NO pressure = 30 mTorr. Symbols are
experimental data of present study at indicated
buffer species. Solid and dashed curves are
calculations using equation (1) for Oz and CO,
buffer gases, respectively, where quenching rate
constant is given as 1.34 x 1010 cm3/s (05) and
3.58 x 1010 cm3/s (COy).
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Fig. 6. An illustration of the photolytic
excitation and de-excitation processes of NO.
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Fig. 7. Population decay rate I vs. buffer gas
pressure. Population decay rate is calculated by
equation 4 with radiation lifetime of NO k&, = 220
ns (from ref. 9) and indicated rate of collisional
energy relaxation k.
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Fig. 8. Coherence decay rate y;; vs. buffer gas
pressure. Pressure dependence of coherence
decay was calculated by the combination of
Doppler broadening and collision broadening.
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Fig.9. Phase conjugate reflectivity R vs.
normalized input pump intensity I/ Isar. R is
defined as the ratio of signal intensity to input
probe intensity. Solid curve is calculation using
equation (2) and symbols are experimental data
at total pressure = 10.3 Torr in He, NO partial
pressure = 30 mTorr and saturation intensity Isar
=35 uJ (see text).
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Fig. 10. Phase conjugate reflectivity R vs. buffer
gas pressure. R = Iprwm/ Iyrobe is calculated with
present model equations for indicated
normalized input pump intensity I/ Isarq). Isat)
is the saturation intensity at zero pressure.
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Fig. 11. DFWM signal intensity vs. buffer gas

pressure at various input pump intensities.
Curves are the present model caclulations with
indicated pump saturations, where collisional
pupulation decay rate constant kg is 1.5 x 1011
cm?® s'L. Closed triangles and closed circles are
the experimental data of present study at input
pump pulse energy of 1.1 uJ and 11.2 yJ,
respectively. Ordinate scale was adjusted so as to
fit experimental data at 1.1 yJ with calculation at
I/Isar = 0.032.
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Fundamental Characteristics of Degenerate Four-Wave Mixing
Spectroscopy in Combustion Measurement

Yoichiro Sano, Atsumu Tezaki and Hiroyuki Matsui

Department of Mechanical Engineering,
Graduate School of Engineering, The University of Tokyo

Buffer gas pressure dependence and temperature dependence of degenerate four-wave mixing
(DFWM) spectroscopy have been investigated experimentally and model formulations ware proposed.
Resonant DFWM signal intensity from NO shows significant decrease with increasing pressure of buffer
gases (He, Ny, CO2, O,) for a constant pressure of NO. The small discrepancy between buffer gas species
indicates that not only quenching but also other collision processes such as rotational and phase
changing relaxation are responsible, unlike laser-induced fluorescence (LIF). These effects were
incorporated in a theoretical model in terms of pressure dependent linewidth of resonant absorption, by
which the pressure and input power dependence was reasonably reproduced. Temperature dependence
of a specific rotational line strength at constant total pressure is accounted by considering the
temperature dependent linewidth in addition to the term from thermal equilibrium state density.
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