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ABSTRACT 

In this present work, evaporation behavior of a single n- decane fuel droplet was studied. The evaporation 

model included the effects of convective mass and heat transfer of the fuel droplet, by means of boundary layer 

film coefficient. Based on Biot number, fuel evaporation rates through heat transfer and mass transfer were 

calculated for both steady state and transient state. This model was formulated by considering two assumptions. 

The first assumption was that fuel droplet was considered as a sphere and temperature was assumed to be uniform 

throughoutthe spherical droplet. The second assumption was that the air temperature throughout the chamber was 

uniform. The time taken for fuel vaporization, rate of evaporation by heat and mass transfer and the droplet size at 

the end of evaporation was calculated.The effect of thermal expansion of fuel droplet was analyzed. But, it does not 

have any significant change in n-decane droplet vaporization which is due to its volatile nature. 

INTRODUCTION 

Engine modeling is a key tool to predict the engine behavior for wide operating condition. It is a rational 

basis for innovation. Practically, it is not economic to modify the engine design for different operating condition. 

This problem was eliminated by engine modeling. To get better output from engine modeling it is must to include 

the exact physical phenomena of the system in mathematical form. Evaporation rate is a part of physical 

phenomena which is present in actual engine. To obtain exact output from engine modeling, proper evaporation 

model was included. Evaporation of the fuel spray calculation started with evaporation of droplet. As a 

continuation of this evaporation model, heat release rate and pressure with respect to crank angle will be calculated. 

In practical system number of complicated situation are raised which was explained by Borman and Ragland. First 

theeffect of free or forced convection must be considered by using Reynolds number it can be predicted. When the 

fuel droplet size is in the range of 20-200 micron it moves with same velocity of air. Second complication is, 

whether it is steady state or unsteady state heat transfer. It can be calculated by using Biot number. 

In most of the model engine behavior was predicted without including the evaporation rate of fuel and also 

the evaporation rate was calculated by using pressure and temperature alone. But for different kind of fuel, it will 

be an approximate value. In order to overcome this problem, a model was generated which includes the properties 

of fuel such as viscosity, thermal conductivity, latent heat of vaporization. Droplet size (sauter mean diameter) after 

evaporation was calculated by using Hiroyasu and kotb model. It is assumed that all the droplets are having the 

same diameter, each droplet having size of dn and take t time for evaporation. It is a step by step process which 

traces the following algorithm, this process was started with calculation of nozzle tip diameter, and thenby using 

droplet size initial mass was calculated. Evaporation due to heat transfer and mass transfer separately calculated. 

The summation of this mass evaporation rate was subtracted from initial mass of fuel and also time taken for 

vaporization was calculated. The same step was repeated until the mass of droplet become zero. By using sauter 

mean diameter the final output of this model can be verified. 

VAPORIZATION MODEL 

 It is assumed that the temperature throughout the droplet is same. After the injection, due to high injection 

pressure fuel was finely atomized. The atomization rate is uniform, hence the size of droplets were same called 

sauter mean diameter. It was calculated by using Hiroyasu and kotb model. It consists of following two equations 

                          𝑆𝑀𝐷
= 2.33 × 103

× (∆𝑃)−0.135(𝜌𝑎)0.121(𝑉)0.131                                                                          (1)                               

  𝑆𝑀𝐷 = 3.08 × 106 × (𝑣)0.385(𝜎)0.737(𝜌𝑙)0.737(𝜌𝑎)0.06(∆𝑃)−0.54                                                (2)        

By using the above equations SMD was calculated and the bigger value was selected. By using nozzle tip 

diameter Biot number was calculated. When its value is less than 0.1 then it will become unsteady state. On the 

other hand when its value greater than 0.1 then it will become a steady state problem and the liquid surface 
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temperature is such that the heat transfer to it is just equal to the energy needed to vaporize the liquid. The mixing 

is caused by drag at the surface, which pushes surface liquid to aft end of droplet effects in mass transfer. 

UNSTEADY STATE 

 Let consider an energy balance on a single droplet assuming a uniform liquid temperature which changes 

with time. The time rate energy storage in the droplet is equal to the heat flux to the drop minus enthalpy carried 

away by vapour: 

𝑚𝑙𝑐𝑙

𝑑𝑇𝑙

𝑑𝑡
= ℎ𝐴0(𝑇∞ − 𝑇𝑙) +

𝑑𝑚𝑙

𝑑𝑡
(ℎ𝑓𝑔)(3) 
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                                                                                                             (5)        

The second term in equation 5 represents the effect of thermal expansion as the droplet heats up.Even it increase 

diameter, the evaporation is greater than the volumetric expansion rate, hence increase in diameter was no came 

into picture. Because practically the coefficient of thermal expansion for diesel is very less.  

 The convective heat transfer coefficient is obtained from a Nusselt number correlation. Ranz and Marshall 

found that for vaporization of fuel the Nusselt number is given as 

𝑁𝑢 =
ℎ𝑑

𝑘
= 2 + 0.6𝑅𝑒𝑑

0.5𝑃𝑟
1

3                                                                                                                                    (6)     

 The transfer of vapor mass from liquid surface is influenced byconvection and by molecular driving force of 

the concentration gradient. The vapor concentration at the liquid surface is determined by vapour pressure of liquid. 

The difference between vapor partial pressure at surface and ambient is then driving forcefor mass transfer 

𝑑𝑚𝑙

𝑑𝑡
=

ℎ𝑑𝐴0(𝑃𝑣,0 − 𝑃𝑣,∞)

 𝑅𝑇𝑚
                                                                                                                                           (7)      

 The mass transfer film coefficient, is obtained from the analogy by using the Sherwood number which is 

given as follow, 

      𝑆ℎ =
ℎ𝑑𝑑

𝐷𝐴𝐵
= 2 + 0.6𝑅𝑒0.5𝑃𝑟

(
1

3
)
                                                                                                                                 (8)          

STEADY STATE 

 For steady state condition the droplet temperature and pure air surroundings, the equation becomes 

  ℎ𝐴0(𝑇∞ − 𝑇𝑙) =
𝑑𝑚𝑙

𝑑𝑡
ℎ𝑓𝑔                                                                                                                                                (9)       

 Temperature at the surface of fuel droplet 

𝑇𝑙 = 𝑇∞ − (
ℎ𝑓𝑔

𝐶𝑝𝑣
) (𝑒𝑍 − 1)

= 𝑇𝑠                                                                                                                                       (10)         

The ratio of Sherwood to Nusselt numbers is unity for zero relative velocity or for Sc= Pr. the Reynolds 

number, and thus velocity, will approximately cancel out for the case of larger Reynolds numbers. Thus, Tsis 

essentially independentof velocity. Because DAB is inverselyproportional to gas pressure, the product PDAB is a 

function only of temperature. Generally, however, increasing pressure increases the steady-state temperature, 

because the mole fraction of vapor, xv, is decrease by an increase in total pressure. The effect of droplet radius is 

exactly like that of velocity since the radius only enters into the Reynolds number and thus cancels out Sc =Pr. 

For steady state, the mass transfer Equation with Re=0 and with 𝑃𝑣,∞ = 0 gives 
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𝑑𝑚𝑙

𝑑𝑡
= 𝜋𝜌𝑙𝛽𝑑                                                                                                                                                  (11) 

𝛽 =
2𝑝𝐷𝐴𝐵𝑙𝑛[1 (1 − 𝑥𝑣)⁄ ]

𝑅𝑇𝑚𝜌𝑙
                                                                                                                          (12) 

RESULT AND DISCURSION 

The evaporation model for single droplet of diesel simulated. It is obtained that the sauter mean diameter 

always lies between 20 to 40 microns. During the time of injection thermal conductivity is low and relative size is 

huge, injection velocity is high, hence it comes under transient and forced convection. Due to high temperature 

gradient evaporation due to heat transfer is high, with respect to time temperature gradient is decreased. After few 

milliseconds it reaches steady state, as result evaporation due to heat transfer was reduced. It is shown in fig 2. Due 

to drag force between droplet and air mass transfer comes into picture. During starting surface area of droplet is 

high, it has high drag, due to pulverization droplet is splitted up and has high air to fuel contact area, hence 

increases the mass transfer. The effect of evaporation on change in droplet size with respect to time was shown in 

fig 1. Due to vaporization fine droplets were obtained with size of around 25 microns and it takes around 1.4 

millisecond for vaporization. 

  

 

 

 

Table.1.Calculated Parameters In Evaporation Model 

 
CONCLUSION 

With the above background in droplet vaporization film theory, let us summarize some calculations and 

results 
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1) The radius of droplet increase first, when it is a low volatility fuel. But in case of diesel volatility is good; 

hence volumetric expansion will not give much more effect in diesel vaporization.  

2) A significant portion of the lifetime of the droplet is spent through transient state and then it will reach the 

steady state.  Hence unsteady state cannot be ignored. 

3) During evaporation the temperature of droplet increases and overall mixture reduced. 
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