
ATOMISATION AND PRE-EXPLOSION BEHAVIOUR OF BIO-OILS
Jordan Hristov*, Venelin Stamatov**, Damon Honnery**, Julio Soria**
* Department of Chemical Engineering

University of Chemical Technology and Metallurgy, Sofia1756, Bulgaria
** Laboratory for Turbulence Research in Aerospace & Combustion

Department of Mechanical Engineering

Monash University, VIC 3800, Australia
Bio-oil is a liquid fuel produced by the pyrolysis of biomass. The composition and properties of bio-oil depend on the biomass source and pyrolysis rate used in its production.  In Australia, studies have been undertaken on bio-oil produced during the slow pyrolysis of a number of indigenous tree species (i.e., Eucalyptus globulus and Eucalyptus camaldulensis) that can be grown sustainably in plantations.  The bio-oil produced is viscous, of relatively low calorific fuel (~25 MJ/kg), contains negligible sulphur, and is relatively high in oxygenated compound concentrations.  Due to its plantation origins, it is a renewable resource and can be greenhouse gas neutral when used as a fuel.  These attributes make bio-oil a potential alternative liquid fuel source for both power generation and transport.  The unique properties of the bio-oil render it very different from the petroleum-based fuels it is intended to replace
, 
, 
, 
.  Despite these differences there is potential for bio-oil to be used as an alternative to diesel in transport applications
, 
.

The present communication considers the process of atomisation and combustion of bio-oils and provides an analysis of the preconditions for micro-explosions of bio-oil droplets.  An estimation of the optimal hydrodynamic conditions for bio-oil atomisation is provided.  The variations of bio-oil content and time-changing characteristics due the liquid instability are taken into account.  Physical and mathematical model for scaling and definition of dimensionless groups controlling the process of atomisation and consequent radiant and convective heating relevant to the combustion process is created.  The scaling laws
 for calculation of the pre-explosion times of droplets subjected both to radiant heating are extended to the case of combined convective-radiant heating.

A high pressure spray combustion facility have been developed to undertake this investigation and to validate the models.  The high pressure combustion facility is a constant volume chamber designed to simulate the theoretical constant pressure diesel combustion process.  The chamber is fitted with eight access ports located equally around the circumference.  Each port can be fitted with either instruments or a 40mm window allowing optical access. The chamber maximum design pressure is 95Bar, although typical operating pressure are those normally found in a diesel engine at the point of fuel injection, a pressure of 18-20Bar and temperature 900-1000K.  High temperature and pressure pre-fuel injection conditions are achieved by combustion of a predetermined Air/O2/CO mixture.  Once operating conditions are reached, the fuel is injected into the chamber via a Bosch common rail diesel injector.  Injector opening pressure is rated at 160Bar, and final fuel injection pressure 250Bar.  Injection is achieved via a high pressure N2 feed gas.  A purpose built controller allowing injection times ranging from 0.5msec to 15ms controls fuel injection timing.  A range of nozzles can be connected to the injector allowing different spray patterns.  The chamber is presently instrumented for a full thermodynamic analysis of the injection process allowing information to be collected on ignition delay, combustion pressure rise and heat release.

The chamber can easily be reconfigured for high pressure droplet work by replacing the fuel injector with a purpose designed fuel droplet rig.  OH concentration measurements via laser planar induced fluorescence is also possible.  The prime aim of this research is to enhance our understanding of bio-oil droplet evaporation and micro explosion phenomena.
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