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Abstract 
This paper deals with the development and construction aspects of a spray test rig with multi-fuel capacity 

(kerosene, replacement fuels, surrogates). It is capable to handle systematic comparative investigations on the 
evaporation of hydrocarbons. The installation comprises high pressure and high temperature air line feeds, two 
high pressure fuel lines and an afterburner to oxidize unburned hydrocarbons. The test cell comprises optical 
access. In case of evaporation analysis a laser-optical measurement unit which is based on the Infrared Extinc-
tion method is used. This development is part of a general investigation on the use of alternative and bio-fuels in 
aeronautics called Alfa Bird (Alternative Fuels and Bio-fuels in Aircraft Development), which is a multi-
disciplinary consortium with industrial partners from aeronautics, fuel industry and research organizations con-
solidated by the European Comission FP7 program. 

Introduction 
Due to an increasing oil price and the obvious influence of the combustion of fossil fuel-derivatives on 

climate change on one hand and the steady growth of transportation needs on the other, it is inevitable to develop 
alternatives to oil also in terms of aeronautics.  

Within the framework of the Alfa Bird project a test rig has been planned for investigations on the capability 
of the use of  alternative and bio-fuels in conventional aircraft turbines in order to allow a mixing of certain 
amounts of these with kerosene at first instance and to allow a complete replacement of it in succession. To 
assure reproducable measurement results it was important to use an existing burner geometry as well as to install 
a hydraulic fuel-supply which is able to switch immediately between a reference fuel (Kerosene) and a chosen 
replacement fuel. 

The paper details the test rig concept, its capacities, the fuel line feeds and the test cell.  

Concept and Capacities 
The test rig is integrated in an open-circuit plant allowing continuous cold- and hot-flow operation at full 

scale (Figure 1). A separate 3MW compressor station delivers the pressurized air. The hot flow operation is en-
abled by a 5 MW air heater. The whole conglomerate can provide a system pressure level inside the circuit of up 
to 10 bar and a maximum temperature of 800 K.  

The fuel supply is divided into two circuits (Figure 3) which are both independently operable and connected 
by a three-way valve which leads to the test cell. In case of switching between the two fuel types the tubes are 
flushed with Nitrogen by an integrated N2 supply which is connected to each fuel feed. The integrated high 
pressure pumps of both circuits are able to provide a hydraulic pressure level of 40-100 bar. The standard 
operating air- and fuel-supply capacities are 8 kg/s compressed air and 10 g/s fuel. 

Compared to existing well-established fuel-spray test rigs at realistic operating conditions [3 , 4], the concept 
offers a multifuel capacity and is equipped for transient as well as for modulated operation for injector stability 
analysis. 
 
Test cell  

As a reference an existing burner has been chosen (Figure 2) in cooperation with a project partner 
organization. The geometry is based on a radial swirler, the pressure atomizer was changed to fit a SMD (Sauter 
Mean Diameter) below 50 µm. The burner is adapted to a flametube that is heatstrain-insensitive, which is 
important due to the highly displacement-sensitive Infrared Extinction measurement method [2]. This flametube 
is integrated into the pressure chamber of the test cell which is part of the test bench. The pressure chamber as 
well as the liner of the flametube have four perpendicular access-windows, which allow an extensive optical 
analysis of the flow. In the dillution zone of the combustion chamber an afterburner is installed in order to 
deactivate unburned hydrocarbons by a controlled pyrolysis.  

A stationary analysis performed downstream the injector will provide the axial and radial profiles of relative 
vapour concentrations using the Infrared Extinction method which is a line-of-sight, non-intrusive laser method 
that provides the relative fuel vapour concentration in a two-phase flow with evaporation [2]. 

 
__________________________ 
* Johannes Fritzer: johannes.fritzer@tugraz.at 



ILASS – Europe 2010 Concept for a versatile spray test rig for comparison of evaporation between kerosene and replacement fuels for aviation 
 

Acknowledgements 
This work was supported by the European Commission as part of the Alfa Bird Project (Alternative Fuels  

and Biofuels in Aircraft Development, EU FP7: ACP/6A-2008-213266) which is part of the Framework Pro-
gram 7. 

 
 

References 
[1] Leitgeb Th., et.al. , “Computer-aided Dimensioning and Validation of a versatile Test Facility for  

Combustion Chambers and Turbines“ ASME Turbo Expo 2009 GT-59592 
[2] F. Giuliani, U. Bhayaraju, and C. Hassa, “Analysis of air-blasted kerosene vapour concentration at realistic  

gas turbine conditions using laser infra-red absorption.” Proceedings of the European Combustion Meeting. 
[3] M. Brandt, Lasermesstechnische Untersuchung der Kerosin-verdampfung und –mischung für die magere  

Vormischbrennung unter erhöhtem Druck’’ FB 1999-25, DLR, Institute of Propulsion Technology, DLR  
Cologne, Germany, 1999 

[4] V.G. Fernandez, P. Berthoumieu, G. Lavergne, ’’Liquid sheet disintegration at high pressure: An  
experimental approach’’ C. R. Mecanique 337 (2009) 481--491 
 

Figure 1: Schematic of the test facility 
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 Figure 2: 3D Design of the test facility and cross section of the test cell  

Figure 3: Schematic of the fuel supply 
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