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2. Biodiesel
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Transesterification process - Vegetable oil+methanol → Methyl esters+glycerol
Biodiesels are mixtures of methyl esters (ME). ME are long-chain esters.

Example :



Diesel Jet-A1

Palm methyl esters (PME) Rapeseed methyl esters (RME)

Gas chromatography

- Difference between biodiesels and conventional fuels
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Objectives - Investigation of the combustion properties of 
biodiesels under a gas turbine type combustor

- Develop a methodology to test alternative fuels

WHY gas turbine-type combustor??

Swirling spray flame
- Potential to be used in Gas turbines
- Spray flame present in many applications
- Obtain an experimental database for modelling

- Yes, the FUEL properties are different, so HOW do we test the 
fundamental combustion properties?

- What kind of experiment and under what conditions?
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Schematic of the (a) swirl burner and (b) Setup for liquid spray flame measurement

3. Swirl burner configurations



Burner geometry and flow delivery
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Swirling spray flame 

Can you guess what fuel is used?

Operating conditions

6.00.164.3626.750.47RME

6.00.164.3726.750.47PME

6.00.144.3731.420.47Jet-A1

6.00.144.4331.800.47Diesel
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(kW)

Fuel 
(g/s)Air (g/s)AFRφFuel
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Diesel Jet-A1

PME RME

Flame imaging



CH* Chemiluminescence imaging
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Long Band pass >550 nm
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Flame spectroscopy

Flame emission spectroscopy 
measurements of four fuels

Flame emission spectroscopy of 
diesel, PME, blends of 20% and 
50% PME with diesel

200 350 500 650 800
0

0.5

1

1.5

2

2.5x 10
4

In
te

ns
ity

 c
ou

nt

Wavelength(nm)

 

 

Diesel
Jet-A1
PME
RME

310 (OH*) 

388 (CN*)
432 (CH*) 

470 (C2*)

515 (C2*)

588 

200 350 500 650 800
0

0.5

1

1.5

2

2.5x 104

In
te

ns
ity

 c
ou

nt

Wavelength(nm)

 

 

Diesel
PME
50% PME/diesel
20% PME/diesel

310 (OH*) 

432 (CH*) 

470 (C2*)
588 

515 (C2*)

388 (CN*)



Experimental

Spray combustion 

Non-reacting flow Reacting flow 

System Setup Burner design + 
System Setup 

PDA

Chemiluminescence
& spectroscopy

EmissionsPDA

PIV



PDA setup for reacting flow
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514.5  nmWavelength

Transmitting optics
Table 3: PDA optical setting

PDA setup and measurement locations



PDA Setup for Reacting Flow

Receiving optic

Beam 
transmitter

Air heater

Burner

Traverse

Setup for PDA measurements
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Droplet velocity and SMD

Droplet profiles at axial distance 10, 15, 20 mm from the atomizer tip
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Droplet number density and volume flux at axial distance 10, 15, 20 
mm from the atomizer tip

Droplet concentration and volume flux



Droplet distribution in flame

Droplet distribution in (a) Jet-A1 and (b) PME flame
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Particle imaging velocimetry
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Schematic of the flow delivery single swirl flame burner
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Flow field in enclosure
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Flow field and droplet distribution in flame

PME flame + flow field + flame reaction zone
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Emission measurement

- Measure the emission across the burner outlet.
- Average the spatial values.
- NO, NO2, CO, O2 and CO2 are measured
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Emissions under the same power output condition 
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Emission measurement (i)

Emissions as a function of equivalence ratio
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(d)

Emission measurement (ii)

Emissions as a function of air-liquid-mass ratio
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(d)

Emission measurement (iii)

Emissions as a function of burner power output



5. Summary and conclusion

• Combustion properties of alternative fuel can be significantly 
different.

• A methodology is developed to systematically measure the 
combustion properties of alternative fuels.

• Advanced modelling of fuel and combustion requires 
experimental data.
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