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Fig.1 Schematic of multi-component droplet evaporation

model in natural convection environment
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Fig.2 Schematic diagram of the experimental equipment for single-droplet evaporation at elevated temperature and pressure
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Table 3 Experimental conditions for single RP—-3 kerosene
droplet at elevated temperature and pressure
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Fig.3 The sequential images of the droplet evaporation

process for RP-3 kerosene at 1MPa
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predicted by the new-proposed model
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component inside the droplet predicted by the

new-proposed model
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Investigation on Heating and Vaporization Characteristics of Single RP—3
Aviation Kerosene Droplet at Elevated Temperature and Pressure

Yin Jing', Liang Yong?, Zhang Longfei’, Xue Shugin’, Liu Bing?, Zhou Zhifu'
1. State Key Laboratory of Multiphase Flow in Power Engineering, Xi’ an Jiaotong University, Xi’an 710049, China

2. Xi’ an Research Institute of Aerospace Power Measurement and Control Technology, Xi’an 710025, China

Abstract: RP—3 aviation kerosene is a commercial jet fuel commonly employed in China. The evaporation of aviation
kerosene droplets in the aeroengine combustion chamber directly affects the fuel atomization performance, the
formation of air-fuel mixture, and combustion quality. To accurately predict the heating and vaporization
characteristics of single RP—3 kerosene droplet, the blend of n-dodecane, 2, 5-dimethylhexane and toluene was
selected as the surrogate fuel. And a multi-component droplet evaporation model considering the natural convection
effect at elevated temperature and pressure was proposed in the present study. Based on the self-developed
experimental apparatus, the temporal variations of the RP—3 kerosene droplet diameter were obtained for an ambient
pressure of 1MPa at ambient temperatures of 473K to 673K. The accuracy of the model was validated by the
comparison between the simulation results and experimental results. The predictions of the parameters including
diameter, internal temperature distribution, component mass fraction distribution and lifetime of three-component
surrogate fuel by the new-proposed model were used to quantitatively analyze the effect of ambient pressure on the
evaporation characteristics of individual droplet under various ambient temperatures. The results indicated that the
heat and mass transfer inside the liquid phase can affect the evaporation rate of multi-component droplets, and the
liquid diffusion resistance leads to the heterogeneity of the distribution of internal temperature and component mass
fraction inside the liquid phase. The impact of environmental pressure on the RP—3 kerosene droplet lifetime strongly
depends on environmental temperature. When the ambient temperature is below the critical temperature of n-
dodecane (658.25K), the relationship between droplet lifetime and ambient pressure is not monotonic, but first
increases and then decreases with the increase of ambient pressure. When the ambient temperature exceeds
658.25K, the droplet lifetime monotonically decreases as ambient pressure increases. This can be attributed to the
fact that in high temperature and pressure environment, the increase of ambient pressure can significantly increase
the heat and mass transfer intensity of natural convection. When natural convection exceeds a certain intensity, it can
obviously promote droplet evaporation. The study above is conducive to underseand the diffusion process of the
internal for the optimized design of future high-performance low-pollution engines from the source.

Key Words: single droplet evaporation; aero-engine; natural convection; RP—3 aviation kerosene; three-component
representative
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