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ABSTRACT

In the aeronautics, composite materials are widely used. An important issue is that they may be exposed
to a flame, during a malfunction of the engines or after a crash. This work is a comparative study, at
laboratory scales, of the degradation of carbon epoxy composites with impinging jets of kerosene and
propane flames. The propane and kerosene burners have been developed to allow the exposition of small
composite samples, of few cm sizes, to heat fluxes greater than 110 kW/m?. The sample holders were
designed to carry out measurement of the mass loss rate and IR temperatures at the rear face during tests.
For the two flame tests, the mass loss is nearly complete after 300 s, the resin is almost degraded
throughout the sample depth, leaving the fibers naked on the front face, and a small amount of degraded
resin on the rear face. However the speed of the degradation is slower with the kerosene flame, with a
maximum temperature value reached at the rear face lower than for the propane flame. This is explained
by the presence of high amounts of soot in the kerosene flame, while they are nearly non-existent in the
propane flame. The high soot content in the kerosene flame induces the built-up of a black carbon layer
on the front face, which may reduce the heat transfer between the impinging flame and the sample face.
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NTRODUCTION

In the aeronautics, composite materials are now widely used. Unfortunately under some
circumstances, as a malfunction of the engines or after a crash, they may be exposed to a flame.
Then the composite is degraded and it losses its mechanical performances. In order to test the fire
reaction of the materials, there are several standard tests specific to aeronautical applications [1], in
particular some of them use propane or kerosene impinging flames [2-3]. In research at laboratory
scales, most of tests are done with a cone calorimeter to apply a radiative flux on the sample [4-5].
Up to now, there are much less studies which have used a flame to induce thermal stress on the
material [6-8]. The mains advantages of a flame exposure is that heat fluxes greater than 100 kW/m?
can be easily reached and a direct flame impact is a more realistic stress for a lot of fire scenarios.

An impinging jet flame induces both convective and radiative fluxes, with different contribution
depending on the nature of the fuel. In the case of a non-sooting flame, like the one produced by a
burner supplied in stoichiometric conditions, the convective flux is important. With a kerosene
flame, the soot production is higher, which increases the contribution of the radiative flux. Another
important issue is the soot deposition on the sample, which may be high with kerosene flames, and
it can change the heat transfer inside the sample.

The main aim of this work is to compare, at laboratory scales, the degradation of a carbon epoxy
composite under the thermal stress provided by a kerosene or propane flame. The burner designs
and the flames properties are presented. Details are given on the sample holders and measurement
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systems. The results of mass loss rates and IR temperatures at the rear face, obtained during several
tests are shown and discussed.

BURNERS AND FLAME PROPERTIES

The propane burner is similar to the one used in [8], and its design is schematized below on Fig. 1 a.
The propane combustion is produced in a small chamber in stoichiometric proportions, and the
combustion products are injected inside a long flame-tube (50cm long and 3.5 cm diameter), thus
providing at the exit an homogeneous flux of hot gases at the surface of the composite sample. Fig.
1 b shows a picture of the flame impinging one sample during a test. A screen put just above the
sample holder can also be seen on the picture, and it avoids the hot gas recirculation on the rear face
of the sample. The sample holder itself is placed 17 mm above the burner exit. The design of the
sample holder is provided in Fig. 2. An aperture of 45mm diameter is made on both sides of the
holder, on the front size to delimit the surface exposed to the flame impact and on the back side to
enable the IR temperature measurement. The samples are square shaped with size of 50 mm.

(a) (b)
Fig. 1. (a) Schematic view of the propane burner and the associated measurement setup (1 — mirror, 2 —
infrared camera, 3 — sample holder, 4 — load cell, 5 — burner, 6 — air inlet, 7 — propane inlet); (b) picture of the
flame impinging one sample during a test
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Fig. 2. Schematic of the sample holder for the propane flame case.
1 — sample holder, 2 — insulation sheet, 3 — sample, 4 - screw

The sample degradation by the kerosene flame is based on the same principle. The test bench used
for this work is shown in Fig. 3 a. In it, a fuel domestic burner, fed with kerosene and with an air to
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combustible ratio equals 0.85 of the stoichiometric value, generates a turbulent jet flame. This lower
value of the air to combustible ratio for the kerosene burner has been required to obtain the same
heat flux and temperatures as with the propane burner A tube is put around the exit of the burner,
and it is ended by a flame-tube of 30 cm long and 5 cm diameter (Fig. 3 b). The sample holder is
placed 50 mm from the flame-tube exit. A picture of the sample holder for the kerosene tests is
provided in Fig. 4. An aperture of 50mm diameter is made alike on both sides of the holder, for
delimiting the surface exposed to the flame and to enable the IR temperature measurement on the
rear face. The samples are square shaped with a size of 100mm.

Before each test and for both flames, heat flux and flame temperature measurements are carried out
with the sample holder removed and at the same location in the free flame. The heat flux is
measured using a water cooled heat flux sensor (Captec manufacturer) inserted into a movable steel
plate, as shown for example in Fig. 5 for the kerosene flame. Likewise, the temperature is measured
using a movable row of 5 type K thermocouples, the spacing between each thermocouple being 7
mm. After the burner ignition, a period of ten minutes is necessary in order to reach steady
conditions in temperature and flux. For the propane and kerosene flames, respectively, the mean
temperature on the axis is 1110 °C and 1110°C, and the heat flux is 106 kW/m? and 116 kW/m>.

Sample holder

Flux meter
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Mirror

Fig. 3. (a) The kerosene burner and the measurement setup, (b) picture of the flame exiting of the flame-tube
(without insulation).

() (b)

Fig. 4. Pictures of the sample holder for the kerosene flame case, (a) front face (b) rear face.

MASS LOSS AND IR TEMPERATURE MEASUREMENTS DURING THE TESTS

For the tests with the propane flame, the mass is monitored using a precision load cell, based on
resistive foil technology (VPG transducers manufacturer), to which is attached the sample holder.
For the tests with the kerosene flame, the sample holder is too heavy to use the same system. So it
has been used a weigh scale on which the sample holder has been placed, as seen on Fig. 3 a. The
precision of both systems is 0.01g.
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