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Numerical Analysis of Single Droplet Extinction in Microgravity Condition
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The fundamental combustion and extinction characteristics of the methanol single droplet in micro-
gravity condition are numerically investigated to realize the further development and high performance of
microgravity droplets and spray combustion systems. First, the governing equations of the microgravity
single methanol droplet combustion based on the unsteady one-dimensional, spherically symmetric model
including single-step chemistry are presented, and several combustion and extinction behaviors are nu-
merically calculated, taking into account the effect of the radiative heat loss. Based on the numerical
results, the profiles of the temperature, mass fraction, burning rate concerning with the microgravity
single droplet combustion and extinction characteristics is shown in detail, and it is also found that the
reasonable numerical solutions that express the extinction limit are obtained by considering with the ef-
fect of the radiative heat loss. Especially, the numerical results on burning rate near the extinction limit
express reasonably agreement with the recent space based experimental results.
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Fig. 1 Schematic of computational system
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(b) weak radiation

Fig. 2 Time evolution of temperature profiles
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Table 1 Conditions for numerical analysis

Fuel vapor density (reference) Pgco 1.170 kg/m3
Fuel liquid density (reference) oL 796.0 kg/m?>
Thermal diffusivity (reference) Ooo 2.0x107° m?/s
Heat of reaction (reference) Q  1.984x10* kJ/kg
Specific heat (reference) e 1460  kJ/(kg-K)
Latent heat (reference) L  1101x10® kJ/kg
Temperature at droplet surface (reference) T; 337.8 K
Temperature at infinity (reference) Too 297.0 K
Oxidizer mass fraction at infinity (reference) Yooo 0.232
Lewis Number Ler, Leo 1
With radiation 1.00 . i =
Weak radiation
Experimental®) L dp=3.0 mm
--------------- dp=2.96 mm
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Fig. 3 The square of droplet diameter as a function of time
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droplet diameter as a function of time
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(a) with radiation

(b) weak radiation

Fig. 5 Time evolution of oxidizer mass fraction profiles
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Fig. 6 Time evolution of fuel mass fraction profiles
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