
23rd ICDERS July 24–29, 2011 Irvine, USA

Spark Ignition of Kerosene-Air Mixtures

Sally P. M. Bane, Stephanie A. Coronel, Philipp A. Boettcher, Joseph E. Shepherd
California Institute of Technology

Pasadena, California, USA

1 Introduction

Determining the risk of accidental ignition of flammable mixtures is a topic of tremendous importance
in industry and aviation. The concept of minimum ignition energy (MIE) has traditionally been the
basis for studying ignition hazards of fuels, and standard test methods exist for determining the MIE of
a given mixture using a capacitive spark discharge as the ignition source. Researchers at the Bureau of
Mines in the 1940s used this test method to perform pioneering work on determining MIE values for
many different fuels [1], and their data is still extensively cited in the literature. Since the work at the
Bureau of Mines, other researchers have used similar test methods to determine MIE values for pure C1

to C10 hydrocarbon fuels [2–5].

However, in aviation the actual threat is ignition of aviation kerosene (Jet A), a fuel that is a blend of
100-200 different hydrocarbons with a wide range of carbon atoms per molecule. While MIE values
have been determined for many pure hydrocarbon fuels, very little experimental work has been done on
investigating the ignition energies of kerosene-air mixtures. Nestor [6] and Ott [7] performed studies
to determine the flammability limits of jet fuels, given in terms of the temperature range within which
there is sufficient fuel vapor pressure to make the fuel-air mixture flammable. Following the crash of
Trans World Airlines Flight 800 in 1996, a series of studies were performed at the California Institute
of Technology by Shepherd et al. [8] and Lee and Shepherd [9] on the flammability and MIE of Jet A.
They found that the MIE of Jet A-air mixtures varied from 100 J for a fuel temperature of 25◦C to 40
mJ for a fuel temperature of 55◦C. Despite these previous efforts, we are still lacking a comprehensive
database of ignition energy data for use in safety assessment.

In the current work, ignition of kerosene is examined experimentally using very short duration (< 50 ns),
low energy (< 10 mJ) capacitive sparks as the ignition source. Ignition tests are performed with vary-
ing spark energies and a range of fuel temperatures. In previous work on spark ignition [10,11] a single
threshold minimum ignition energy was not observed, but rather the ignition was found to be probabilis-
tic in nature at low spark energies. Therefore, as in the previous work, the results of the kerosene tests
are analyzed using statistical tools to obtain probability distributions for ignition versus spark energy or
spark energy density. The results are then compared with results from our previous work on ignition of
lean hydrogen-based mixtures used in aviation testing [10, 11] and two hexane-air mixtures [11].
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2 Experimental Setup and Methods

Ignition experiments were performed in a closed, cylindrical, stainless steel combustion vessel approxi-
mately 22 L in volume. Two parallel flanges were used to mount the spark gap electrodes, and the other
two flanges held windows for visualization. The low-energy capacitive spark ignition system used is
described in detail in Bane et al. [10] and Bane [11]. The gas pressure was measured using a piezore-
sistive pressure transducer with the output displayed using National Instruments LabVIEW software,
and an exhaust line was installed to circulate fresh air through the vessel. A variable-speed fan mixer,
mounted near the top of the vessel, was used to mix the air and kerosene vapor to ensure homogeneous
composition. Kerosene has a very low vapor pressure at room temperature, so to increase the fuel vapor
concentration the fuel must be heated. Therefore, a heating system was designed to heat the vessel up to
approximately 200◦C. Flexible silicone heaters were mounted on the surfaces of the vessel and flanges
and divided into four zones, each with a separate temperature controller.

Three different methods were used to reliably detect whether or not ignition occurred. First, the pressure
rise from the combustion was measured using the pressure transducer. This measurement also allowed us
to determine the peak pressure rise in the vessel. Secondly, the temperature rise was detected using a K-
type thermocouple inside the vessel. The third method used to detect ignition was schlieren visualization
of the flame propagation recorded using a high-speed camera.

In previous testing with gaseous fuels at room temperature, the vessel was first evacuated and then filled
using the method of partial pressures. However, with kerosene or other fuels with low vapor pressure,
the experimental method is considerably more complicated. First, the fuel mass loading (mass of liquid
fuel divided by the vessel volume) must be chosen to determine the volume of fuel. With the vessel at
room temperature, the kerosene is then poured into the bottom of the vessel before sealing and heating
the vessel. The heating zone at the bottom of the vessel, closest to the liquid pool of fuel, was set to the
desired fuel temperature. The other zones were heated to a higher temperature to prevent condensation
of the fuel. Once the desired temperature was attained and the fuel vapor and air were sufficiently
mixed, a spark with pre-determined stored energy was initiated inside the vessel. If ignition occurred,
air was circulated through the vessel and then the lid was removed so that the inside walls and electrodes
could be cleaned. After three successful ignitions, the kerosene was removed and fresh kerosene was
introduced to keep the fuel vapor concentration as consistent as possible.

3 Preliminary Results

In the present work, ignition of kerosene-air mixtures at atmospheric pressure and various fuel temper-
atures is examined. The first set of 12 tests was performed using 1-K kerosene and a fuel temperature
of 60◦C and a fuel mass loading of approximately 50 kg/m3. A fixed spark gap of 3.3 mm was used in
the first tests, and the spark energy was varied by changing the discharge circuit capacitance. The spark
energies ranged from 0.45 mJ to 2.2 mJ, and the results of the 12 tests are shown in Figure 1. The range
of the spark energy where the tests with ignition overlap with the tests with no ignition is highlighted
in gray. The lowest spark energy that ignited the mixture was 0.65 mJ, while the highest spark energy
that did not ignite the mixture was 1.75 mJ. The contradictory data points demonstrate the probabilistic
nature of ignition near the minimum ignition energy, and there is a non-zero probability of ignition in
the data overlap region rather than a single well-defined MIE threshold. In the previous work performed
at Caltech [9], the highest fuel temperature tested at atmospheric pressure was 52◦C. The lowest spark
energy to cause ignition at this temperature was found to be approximately 40 mJ, nearly two orders of
magnitude larger than the lowest energy to cause ignition in the preliminary tests for this work (0.65
mJ). This large discrepancy may be explained by the large difference in the fuel temperature; the va-
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Figure 1: Data points from the 12 spark ignition tests performed in kerosene-air at 60◦C. The data
overlap region is shown in gray.

por pressure scales exponentially with the temperature, so the increase in temperature can significantly
affect the fuel vapor/air ratio.

We also compare the results of the current work with the results of previous ignition tests in hydrogen and
hexane [10,11]. We have performed spark ignition tests in the lean hydrogen test mixture recommended
by the SAE for use in aviation safety testing [12] (5% H2, 12% O2, 83% Ar), as well as in mixtures with
6 and 7% H2 to examine the effect of fuel concentration. The test results were analyzed using statistical
methods [10] to derive probability distributions for ignition versus spark energy. These probability
distributions for the hydrogen test mixtures are shown in Figure 2 with the results from the preliminary
tests in kerosene-air. The figure shows that in two of the kerosene tests where ignition occurred, the spark
energies were comparable to the required ignition energies for the 5% H2 mixture. The preliminary
results indicate that under certain conditions, the kerosene may be more sensitive, and hence easier to
ignite, than the standard hydrogen test mixture.
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Figure 2: Ignition probability distributions derived from test data for the 5% H2 mixture recommended
by the SAE for aviation testing [12] and mixtures with 6 and 7% H2 [10]. The data from the present
kerosene ignition tests are shown for comparison.
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The preliminary results of the current work indicate that kerosene can be ignited with lower spark ener-
gies than previously thought possible. Continuing with this investigation, the fuel temperature is varied
to identify the temperature (and associated fuel-air ratio) that has the lowest overall ignition energy. Ad-
ditionally, the test results for each temperature are analyzed using statistical tools to obtain probability
distributions for ignition versus the spark energy. Finally, the results for ignition in the kerosene-air
mixtures are compared with the results of previous work using hydrogen and hexane test mixtures. This
study provides new, important data on the sensitivity of kerosene and the threat it poses relative to
hydrogen and hexane.
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