
Modelling of heating and evaporation of multi-

component droplets, taking into account the 

diffusion of species

Eng. Ahmed Elwardany

The Sir Harry Ricardo Laboratories

Centre for Automotive Engineering

13 April 2010, New mathematical tools for modelling the processes in internal 

combustion engines: a dialogue between mathematicians and engineers 



Introduction

• For a single component droplet, there is only heat diffusion in the liquid

phase and there are heat and mass diffusion in the gas phase. 

• For a bi-component droplet, there are heat and mass diffusion in both 

liquid and gas phases.

• As a first stage, we have ignored the effect of fuel vapour on the gas 

phase ‘’Oneway Solution’’ then we have taken it into account ‘’Coupled 

Solution’’



Heat diffusion in the liquid phase

• Heat conduction equation inside the droplet:

• Boundary conditions without evaporation:



Heat diffusion in the liquid phase

• The solution of the heat conduction equation without evaporation for h

= const is presented as follows:



Heat diffusion in the liquid phase

• are the solutions of the equation: 

• h0



Heat diffusion in the liquid phase

• The effect of droplet evaporation has been taken into account by 

replacing gas temperature by the so-called effective temperature. 



Species diffusion in the liquid phase

• Mass fraction equation inside the droplet:

• Boundary conditions:

• where 



Species diffusion in the liquid phase

• The solution of the mass fraction equation for                  is presented 

as follows:



Species diffusion in the liquid phase

•

• are the solutions of the equation: 

• is the solution of

• and 



Heat and mass transfer

• The total evaporation rate of the droplet:

• Heat transfer coefficient (h) is calculated using Nusselt number 

equation (Nu):



Heat and mass transfer

• Nusselt number

• Sherwood number



Heat and mass transfer

• The effect of interacting between droplets was taken into account using 

the following equation :

• where C is the distance parameter (distance between droplets divided 

by their diameters)



Fuel Vapour

Air

Mixture

The effect of fuel vapour on the gas phase properties will be taken into 

account.

Coupled solution



Coupled solution

Volm airair   dropletcell VolVolVol 
)( obslcell tDR 

where Dl is the liquid diffusivity, tobs is the observation time = 10 ms and Rcell

To calculate the new mass of air, We used the following equation:  

is the radius of the sphere of influence.
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Conclusions

• A simplified model for bi-component droplet heating and 

evaporation, based on a new analytical solution of the species 

diffusion equation, is suggested.

• The predictions of the model have been validated against 

experimental data referring to measurements of average 

temperatures and radii of mono-disperse bi-component droplets, and 

predictions of  the vortex model. 



A paper is submitted to International Journal of 

Heat and Mass Transfer.
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