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R.G. Bchrens
LOS Alamos Nationa! Laboratory
,Materiak Chemistry Group
Materials Science and Technology Division
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INTRODUCTION

The goal of this work is to study the details of iaser induced ignition and combustion of
high-temperature condensed-phase cxothermic reactions. In this work high-speed photography
(HSP) and real-time optical pyrometry have been combined to provide a diagnostic tool with a !
ms temporal resolution for studying laser ignition and combustion wave propagation.

Previous experiments have involved the use of HSP for ~tudying combustion wave
propagation ( 1). Real-time pyrometry studies of the ignition process have also been performed
previously. The present paper describes how HSP has been expanded to include three-view spiit-
frame photography to allow the ignition and combustion processes to be recorded and studied
simultaneuosly.

EXPERIMENTAL

A schematic representation of the experimental apparatus is shown in Fig. 1. The laser
shutter (LS) was triggered by a NAC model E-10 high speed camera (framing speed used = 1000
f/see), Radiation from a Hclios HF-DF laser (DF mode, 3,8 urn, 100 watt nominal PW!,) was
focussed by a 350 mm focal length CaF lens, entered the sample chamber through a saphire

?window, and impinged on the front sur ace of the pcilet, The laser spot diameter at the pellet
front surface was nominally 1 mm. The sample chamber (10‘2Torr axessible vacuum) was
backfilled with 10 Torr of argon to minimize soiling of the windows by material vaporizing from
the heated PCIICI.

Six mirrorsWere arranged as shown in Fig. 2 to allow simultancou$ photography of the
sample pellc: f’ont, side, and back surfaces. Three mirrors (Ml, M2, M3) irt the bottom of the
sample chtimber reflected images of the pellet to three nesting mirrors outside the sample
chamber. The high-speed camera was positioned to view the images from tht nesting mirrors,
The axis of the camera cptics was situated perpendicular to the plane of the kpparatus
diagramed in Fig. 2. The mirrors showing the front and side surfaces of the pellet were fixed
while the back.view mirrors were adjustable to allow viewin8 of pellets having different Iensths.
The focal depth of fieldof the camera optics was 40 thousandths of an inch.

In conjunction with the split-image photography, three pyrometers (see Fig, 1) were used to
obtain temperature measurements of the front, side, and back surfaces of the pellet, An lRCON
two-color pyrometer (P1 ) was aimed at the back surface, and two Therntogau8e single= color
photodiode pyrometers (P2, P3) were aimed at the front and side surfaces, respectively, A
pyrometer (P3) used a 8crmanium detector and provided accurate temperature measurement above
900K. Pyrometer P2 used a silicondetector and provided accurate temperature measurement
above 1900K, Pyrometer P2 was focused to view a spot size ●pproximately 1,1 mm in diameter,
centered on the Iascr spot, A Scicntcch power meter (PM) was used to monitot the Iascr pow~r,
and an intc~rating sphere (IS) was used to dctcrminc the occurrence of Iascr burn throu~h, The
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data from these diagnostics were acquired and stored using an lBhf PC computer. Data
acquisition by the computer was initiated 500 ms prior to the opening of the laser shutter.

The samples were cylindrical pellets ranging in size from 1/16” dia. X 1/8” 1. to 1/4” dia. X
1/2” 1. The pellets consisted of a stoichiometric mixture of the powdered reagents ( -325 mesh)
and were formed by uniaxial pressing at either 10,000 or 20,000 psi. The feagents were obtained
from ALPHA VENTRGN and were used as received from the supplier. Fig. 3 shows the mount
used to hold the sample pellet. The sample holding ring was attached to a three axis micrometcr-
scrcw translation stage. Six 3 mil dia. tungsten support wires were the only material in contact
with the pellet. Thermal loss through the tungsten wires was calculated to be less than 2 watts.
‘“jirty-four pellets, which included mixtures of Ti+C. Zr+C, Hf+C. and the respective diboride
analogs, were laser ignited, the ignition and combustion processes filmed, and real-time pyrometry
data obtained.

RE:ULTS AND CONCLUSIONS

Results of the high-speed photography and pyrometry are currently being analyzed to
obtain kinetic and temperature data for the laser ignition and combustion processes. These will
be published at a later date. However, wc have made a number of qualitative observations which
will be discussed here.

The films indicated that laser ignition did not occur immediately and that ignition did not
occur on the pellet surface as was expected. Rather, there appeared to be an ignition induction
period and ignition may have occurred inside the pellet. As the laser impinged on the pellet
surface, a substantial part of the pellet heated to glowing with no ignition occurring, The laser-
heated volume of the pellet can be envisioned as having a hemispherical geometry. The cooler
part of the mllet outside the hemisphere acts as a heat sink so that heat is conducted out of the
laser heated resion. The rate of heat flow out of the hemisphere is governed by the complex
thermal conductivity properties of the pellet and is determined by some inverse function of the
temperature of the surrounding heat sink, The heat sink eventually reaches a temperature where
the rate of heat conduction out of the hemisphere equals the rate of laser heating. Addition&l
laser heating provides the necessary thermal energy for the reactants t; achieve ignition

i’
For a pellet having dimensions much larger than the laser spot ~iamcter, heat conduction

out of the laser heated volume should be isotropic. However, dimensio s of the pellets studied in
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this work were only an order of magnitude larger than the laser spot size, It is clear from the
high-speed photography that the thermal conductivity in the pellets is isotropic, For pellets
where the length-to-diameter ratio (!/d) is greater than one, heat flow a }pears to be in the axial
dir~ction, For pellets where l/d<l the heat flow appears to be radial. or example, we observed
that in pellets having a wafer geometry (l/d< l), the back surface tempe ture almost reached that
of the front surface and heat flow occurred in the radial direction just cfore ignition. On the
other hand, for pellets havintl a cylindrical geometry, the surface tcmpcraturc on the side of the
pellet (near the laser heated end) almost reached that of the front surface and heat flow was in
the axial dirwtion before ignition occurred,

An,Nher interesting effect observed in the films concerns the propagation of the
combustion wave in pellets having l/d>l, The back surface image showed the appearance of &
hot spot in the ccntcr of that surface before the combustion wave reached the cnd of the pellet,
The hot spot grew in size as the combustion wave neared the cnd of the pellet. It appeared thttt
the combustion wave froct may have had a conical geometry. The conical shape of the wave
front may Lc an artifact cIuc to either the pellet geometry or the shape of the Iascr beam. Two
explanations for the conical shape of the combustion wave may be proposed. The first ,J that
radi~nt heat loss at the pellet surface decreases the velocity of the combustion wave relative to
the velocity at the center of the pellet. A second explanation concerns the degree of anisotropic
heat flow in the pellet as a result of continued Iascr irradiation. The Iascr may impart a
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momentum to the axial heat flow in the pellet and this may enhance the combustion wave
velocity in the vicinity of the laser heated region.

In all experiments conducted to date the laser continued to impinge on the sample until
combustion was complete. Experiments are currently being designed where laser heating will be
stopped at the onset of ignition.

It is clear that HSP in conjunction with optical pyrometry provides an ex$ellent diagnostic
technique for studying SHS reactions. Coupling these two techniques provides accurate rea!-time
temperature measurements as well as excellent temporal and spatia! information on the kinetics
of ignition and combustion wave propagation in SHS reactions.
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FIGURES

(1) Schematic diagram of the apparatus used toobtainsplit-frame high-speed photography of
SHS reactions in laser-ignited pellets.

(2) Optics diagram showing the mirror configuration used to perform split-frame photography,
The axis ~f the camera optics was positioned perper Iicular to the plane containing the nesting
mirrors.

(3) Side view diagram of the sample pellet mount. A portion of the sample ho!ding ring was
removed to permit HSP of rhc combustion wave propagation a!ong the axis of the pellet.
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