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Investigation of droplet size distribution effect in prediction of liquid and vapor
penetration length in the diesel spray
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ARTICLE INFORMATION ABSTRACT

The aim of this study is numerical investigation of an evaporating and non-reacting diesel spray
operating in a high pressure and high temperature constant volume combustion chamber, as an essential
step in simulation of liquid fuels combustion. To this end, the impact of droplets diameter distribution
on estimating two critical characteristic parameters, i.e., liquid and vapor penetration lengths is studied
using the open-source OpenFOAM code. In order to determine droplets diameter distribution effect,
three different distributions ranging from 0.25-100 micron are chosen and the liquid and vapor
penetration lengths are individually calculated for each distribution. The results are validated against the
experimental data published by Sandia National Laboratory. The results show that, while the droplets
diameter distribution has a remarkable effect on the predicted value of the liquid length, it leads to
overestimating liquid penetration lengths up to more than two times; its effect on the vapor length
prediction is negligible. Also, assuming a nozzle diameter distribution leads to non-physical increase in
the value of liquid length. This non-physical prediction may lead to the misleading prediction of spray
impingement to piston and the cylinder walls resulting in an error in unburnt hydrocarbons
concentration as well as the engine efficiency estimation.
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1- Liquid penetration length

2- Vapor penetration length

3- Ignition delay time

4- Lift of length

5- Sauter Mean Diameter (SMD)
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1- Stochastic Separated Flow(SSF)
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Spark Plug Fan

Intake Valve
Fig. 1 Experimental sample of case study [7]
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Fig. 2 Simulation to product core ambient of 1000 K, density 14.8
kg/m®, 21% O, at the time of diesel fuel injection[8]
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3- Stochastic-Parcel Technique

4- Monte-Carlo Method

5- Parcel

6- Virtual Mass (Added Mass) force

7- Pressure Gradient force

8- Basset force

Magnus effect

10- Saffman force

11- Faxe’n force

12- Momentum Relaxation Time (Response Time)
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1- Probability distribution function (PDF)
2- Transport Equation
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3- Rosin-Rammler
4- (CDF)

5- Kelvin-Helmholtz
6- Rayleigh-Taylor
7- Reitz

8- Bracco
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Fig. 13 Fuel mass evaporated for three droplet diameter distribution
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diameter distribution
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113 58 5 an 3 5 1 slocdls o bk 5 aubo 355 Jsb (samlio 15 JSCo

by 5l Al e
S 3585 Jsbo slls 36 & 590 alals o mle (656518 o 4 S0l
Jdsb a4z 51 (rlnle o)l e Gloes 025 @S Ly col i

198



