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microphone was buried deeper within the surface. It would
serve no useful purpose to further trace this attenuation in
the interior model structure at this point, which is complex
and peculiar to the model design.

This work has demonstrated that flow instabilities at
hypersonic speeds generate intense pressure fluctuations on
the cone surface, which do penetrate the surface to some
distance and which persist with regularity even when the
cone executes maneuvers relative to the flight vector such as
pitch and roll. At a boundary-layer edge Mach number Me
of about 7, the results of Refs. 2, 4, 5, etc., indicate that the
frequency of these oscillations scales with / and the edge
velocity Ue asf=Ue/2d; it should be noted,13 however, that
this scaling is invalid for Me<2.5. Finally, it must be also
noted that these are Mach number ranges (e.g., Me — 3) for
which monochromatic oscillations do not appear3'14 and that
at still lower Me levels the laminar waves would be incapable
of producing pressure fluctuations intense enough to be
detected on the surface.
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Introduction

T HIS Note presents the experimental results of the effects
of longitudinal and transverse electric fields on the flame

propagation velocity of premixed methane-air flame in a ver-
tical tube. This is the second and final report of an earlier in-
vestigation1 in which the effects of electric fields on blowoff
limits of methane-air flame were reported.

Observations of changes in flame geometry and propaga-
tion velocities under the influence of electric fields have been
made for many years. Evidence indicating an increase in flame
propagation velocity is incomplete and contradictory.2"5

Under similar conditions, electric fields are known to have in-
creased, slowed down, or extinguished combustion. The posi-
tion effects of electric fields on blowoff limits of methane-air
flame have encouraged the authors to undertake the present
investigation.

Apparatus and Procedures
The experimental configuration for the determination of

flame propagation velocity of methane-air flame is shown in
Fig. 1. The experiment was conducted at room temperature
(76 deg) and atmospheric pressure (760 mm Hg).

The experimental apparatus consists of a vertical pyrex glass
tube (151 cm long, 5 cm i.d.), a polyethylene mixing pump,
platinum electrodes, capillary tubes, a mercury reservoir,
photodiodes, and other components, as shown in Fig. 1. A
manometer was used to indicate the amount of evacuation of
the vertical flame tube and to make sure that no undetected
leaks developed in the system.

Two TIL-63-type photodiodes were used to detect light
signals from propagating flames. A longitudinal electric field
was obtained by placing two aluminum rings (1.54 cm wide
and 5 cm in diameter) around the glass tube, 5 cm apart. The
upper ring was then connected to the positive terminal of the
high-voltage supply. A transverse electric field was established
between two 110-cm-long, 2.54-cm-wide segments of
aluminum pipe placed diametrically opposed to each other
outside the pyrex tube and held by masking tape. The two elec-
trodes so formed were connected to the positive and ground
terminals of the high-voltage supply.

Before an experiment, the barometer and manometer
readings were taken. The gas and air, dried by passing through
a drying tube containing calcium chlorides, were then ad-
mitted into the flame tube. The mixture composition was
measured accurately by admitting the components slowly
through the needle valves and measuring the partial pressures
with the mercury manometer.

The mixing of gas and air was done by the mixing pump
which was operated for about 15-20 min for stoichiometric
mixtures and 25-30 min for rich or lean limit mixtures.
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Fig. 1 Experimental apparatus for flame propagation velocity.
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Fig. 2 Flame propagation velocity vs methane percentage, with and
without longitudinal electric field.

After mixing, the ground glass plate was removed and the
mixture was ignited either by a spark between the two
platinum electrodes or by holding an alcohol burner under the
flame tube. The alcohol burner was used especially for igniting
lean and rich limit mixtures. The delay time between removing
the glass plate and firing the spark was kept reasonably short
(less than 2 s).

The photodiodes L, and L2 detected the light emitted by the
passing flame front, and the propagation velocity was found
from the distance between the photodiodes and oscillograph-
ically observed time interval between the signals.

Following the above procedures with the setup of both
longitudinal transverse electric fields, the flame propagation
velocities were calculated with 4.5 kV electric fields, as a func-
tion of methane percentage.

Results
Figures 2 and 3 show the results of the measurements of

flame propagation velocities, with and without electric fields.
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Fig. 3 Flame propagation velocity vs methane percentage, with and
without transverse electric field.

In order to ascertain that the effect of electric fields on flame
propagation velocity is a real phenomenon and not due to ex-
perimental scatter, an uncertainty analysis was made on the
experimental data with electric fields. The data for Figs. 2 and
3 have been analyzed with a 90% confidence internal estimate.
Although the flame propagation velocities appear to increase
both under longitudinal and transverse electric fields, the
results are not always consistent and, sometimes, the data fall
within the experimental scatter.

Conclusions
The effects of longitudinal and transverse electric fields on

the propagation velocity of a flame in a vertical tube filled
with a methane-air flame are investigated. Although the flame
propagation velocities under both electric fields increase
slightly over zero electric fields, the results are not consistent
and convincing. The slight increase in flame propagation
velocities may be due to acceleration of ionized gas by the elec-
tric fields.

With regard to burning velocity, which is the relative veloc-
ity at which cold unburned reactants move into a flame, it is
impossible to draw conclusions, whether electric fields raise
the overall burning velocity in the absence of any measure-
ment of the surface area of the flame fronU Although
longitudinal electric fields have been found to increase the ex-
tinction limits of premixed methane-air flame in a previous in-
vestigation,1 no positive effect of the electric fields on flame
propagation velocity could be found in the present
investigation.
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T HERE was an inadvertent omission in this paper. The
derivation of equation 5 quoted by the authors is given in

Ref. 23. In the review of the literature related to this topic, we
would like to include the papers by Raj24-25 on the modeling of
the effects of rotation in the dissipation equation and Ref. 26
on the modeling effects of rotation on the pressure-strain
term.
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