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Abstract: The influence of the evaporation rate of isolated
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fuel droplet on cool flame oscillation was investigated. The
ambient gas was air with the temperature 600 K, and the
pressure of 0.1 MPa of two diffrent fuel were employed: one
was n-decane and the other is an imaginary fuel based on -
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decane, whose transport properties were modified so that its o
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flame oscillation was observed in both cases, with no Time [s]

significant difference in the oscillation mode. Prior to the onset of the cool flame, no difference was
observed in the variations of evaporation amount or surface temperature due to the evaporation rate. After
the onset of the cool flame, a phase shift of approximately the ignition delay time was confirmed. However,
the influence of the evaporation rate on the rates of change was minor, suggesting that it exerts little
influence on the oscillation mode.

evaporation rate was equivalent to that of n-heptane. Cool
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1. Introduction

In recent years, Sustainable Aviation Fuel (SAF) has attracted attention as part of efforts toward carbon
neutrality. SAF produced via Fischer—Tropsch synthesis contain normal-chain higher alkanes. Rocket and jet
engines, where such SAF is utilized, commonly employ spray combustion. In spray combustion, fuel is
injected and undergoes a complex sequence of processes including evaporation of countless droplets,
spontaneous ignition, and flame spread. The smallest constituent unit of a spray is a droplet, and studies on
droplet combustion serve as a fundamental approach to understanding spray combustion. Tanabe et al.
reported the existence of a cool flame during the spontaneous ignition process of droplets composed of higher
alkane fuels. Cool flames are known to exhibit oscillatory behavior. Griffiths et al. ? conducted simulations
including heat loss and clarified the influence of thermal losses on cool flame oscillation. Iemura et al. 3
investigated the influence of Lewis and Damkohler numbers, which are important parameters governing heat
dissipation, on cool flame oscillation, and clarified their influence on oscillation modes. Although the
relationship between these parameters and oscillation modes is important, the influence of mass and heat
feedback due to fuel evaporation has not been considered. Therefore, it is necessary to investigate the influence
of the evaporation rate on cool flame oscillation.

In this study, numerical simulations are conducted using hypothetical fuels with modified physical
properties to investigate the influence of evaporation rate on cool flame oscillation.
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2. Simulation Conditions and Method

carried out by using ANSYS Fluent with two-dimensional (2D) unsteady scheme of axisymmetric numerical
to reference 4.

Figure 1 and Table 1 show the simulation computational domain and conditions. The simulation was
domain. The vaporization process was directly calculated by the following equations. For further details, refer
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Where m is the mass flow rate, A, is a cell area, AH, is the enthalpy of vaporization, and Aq is the
difference in the heat flux of gas and liquid phase side across the droplet surface. The enthalpy of the
vaporization is calculated by the following equation,
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where M is the molecular weight of the fuel, @ and f§ are the constants depending on the species. Reduced
temperature T, is calculated by the surface temperature T; and critical temperature T, of fuel. Two
conditions with different evaporation rates are employed for fuel by change in the constants related to the

enthalpy of vaporization. The constants for enthalpy of vaporization are listed in Table 2. Case 1 represents
the constants corresponding to n-decane, while case 2 corresponds to those of n-heptane.

&,56
v
=2
Liquid Layer 1 %
Liquid Layer2 2
=)

Gas Layer 1

))
Axisymmetric boundary
Gas Layer 2

Figure 1. Numerical simulation domain for an isolated droplet.

Table 1. Simulation initial conditions.
Chemical-kinetic model

Ambient temperature T, [K]

77 species, 287 reactions ¥
Ambient pressure [MPa]

600
0.1
Ambient gas composition [%mol] O2: 21, N2: 79
Droplet diameter d, [mm] 1
Droplet temperature [K] 300
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Table 2. Constants for each equation ©.

case 1 2
Molecular weight M [g/mol] 142.2817 100.2056
a [-] 74.38 53.66
B [-] 0.3238 0.2831
T. [K] 617.4 540.2

3. Results and Discussion

case

Figure 2 shows the nondimensional droplet diameter history. From Fig. 2, evaporation rate was faster in
2 than in case 1, but the difference was small. In the PHOENIX-2 project 7, combustion experiments of

single n-decane droplet with a diameter of approximately 1 mm were conducted, and it was reported that the
evaporation rate constant was K = 0.35 mm?/s at an ambient temperature of 564 K.
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Figure 2. Histories of squared nondimensional droplet diameter.

Figure 3 (a) shows the time histories of the evaporation amount and the mass flow rate, while Fig. 3(b) presents
the time histories of the droplet surface temperature and its rate of increase. A comparison before and after

the

ignition delay time reveals that, prior to ignition, there is little difference between the two cases in both (a)

and (b). After ignition, although a temporal shift is observed between the two cases in both (a) and (b), the
same behavior is exhibited, and no significant difference in magnitude can be identified.
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Figure 3. (a) Evaporated mass (upper) and mass flow rate (lower) history;
(b) Droplet surface temperature (upper) and the temperature rise rate (lower) history.
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Figure 4. (a) Maximum temperature (upper) and temperature rise rate (lower) history;
(b) FFT spectrum of maximum temperature history.

Figure 4(a) shows the maximum temperature and its rate of increase, and Fig. 4(b) presents the FFT spectrum
of the maximum temperature history. From Fig. 4(a), it is evident that both cases exhibit oscillatory behavior,
and the time intervals between successive local maxima of d T/dt are comparable. From Fig. 4(b), the frequency
and period exhibit the same trend in both cases, indicating that no significant difference in the oscillation mode
can be identified.

4. Summary

To investigate the influence of the evaporation rate on cool flame oscillation, two different fuel were
employed: one was n-decane and the other is an imaginary fuel based on n-decane, whose transport properties
were modified so that its evaporation rate was equivalent to that of n-heptane. The following results were
obtained from numerical simulations.

« It was suggested that the evaporation rate affects the timing of the temporal variations in temperature and
evaporation amount, but its influence on their behavior is minor, and it has little influence on the oscillation
mode.
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