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Modeling of biodiesel droplet evaporation: effects of operating conditions and
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ARTICLE INFORMATION ABSTRACT

In this study evaporation of biodiesel droplet under different operating conditions is investigated. The
model is a common droplet vaporization model for multicomponent fuels. In this model, gas phase
quasi-steady equations are solved analytically and energy and species transport equations in liquid
phase are solved numerically. The sub-models are modified to consider high pressure effects. Peng-
Robinson equation of state is used for gas phase and phase equilibrium is determined using fugacity.

Original Research Paper
Received 02 December 2015
Accepted 18 February 2016
Available Online 26 March 2016

,}f,mve?ir:gs: Effects of pressure on the thermophysical and transport properties of gas phase are considered. Five
Evaporation biodiesels with different composition are studied. These biodiesels have different composition of methyl

Droplet esters. Biodiesel composition shows little effect on droplet lifetime and maximum difference is about

Biodiesel 20%. It is observed that increasing ambient temperature leads to decrease in droplet lifetime and

High pressure increases temperature gradient inside droplet. Ambient pressure has different effects on droplet
vaporization behavior at different ambient temperature. At lower temperature environment, increasing
pressure increases the droplet lifetime while at higher temperatures droplet lifetime first increases and
then decreases with pressure. Increasing initial velocity of droplet reduces the droplet lifetime. Results
show that at high pressures, droplet temperature reach to values near to critical temperature and
accuracy of quasi-steady approximation decreases. Radius of vapor influenced sphere increases with
temperature and decreases with pressure.
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Table 1 some of methyl esters characteristics, mole percentage of each methyl ester in studied biodiesels, data adopted from [11]
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(h) sy 53 J3o 20y

(g/mol) (K) PTE SME CSE BME PMK
CoH150; C8:0M 144.212 4675 - - - 519 26
C11H20; C10:0M  172.265 501.1 - - - 2.8 40
C13H20; C12.0M  214.338 530.4 - - - 34 500
Ci5H300; C14:0M 242.39 554.2 05 03 20 1099 170
C17H3,0; C16:0M  270.442 578.0 80 1090 190 3166 8.0
C1oH350; C18:0M  298.494 601.8 40 440 20 1079 17
Co1H40, C20:0M  326.546 625.6 70 04 - 0.4 15
Ca3H460, C22:.0M  354.598 649.3 7.0 - - 0.4 15
C17H30, C16:1M  268.426 577.6 15.0 - - 24 0.4
CioH302 C18:1M  296.478 601.3 490 240 310 2637 120
C21H4002 C20:1M 324.533 625.1 - - 25 - -
CsHu0, C22:1M  352.582 648.8 - - 25 10 -
CigH20, C182M  294.462 601.3 230 528 410 30 1.3
CigH30, C18:3M  292.446 601.6 - 7.20 - 0.6 -
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Table 2 Coefficients of Eq. (36) for liquid ,ethyl esters specific
heat [24]

ap| bpi Cpl
C8:0M-C24:0M 1.816 -1.462x10° 7.51x10°
C16:1M-C24:1M 1.915 -2.163x10° 8.29x10°
C18:2M 2.018 -2.878x10° 9.09x10®
C18:3M 2115 -3.580x10° 9.92x10®
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