
·  Cooling Systems 
 Turbine 

The flow of air out of the combustion chamber, and then input turbine can achieve in 
the last generation of engines to 2000 ° C. The best material available today can 
hardly bear in operation values above 1000-1100 ° C. Therefore, all components of 
the first-stage turbine need to be strongly cooled. The air "cold" used to lower the 
temperature is tap from the compressor and is therefore extremely important to limit 
its use.   To the cooling systems is then asked to be very effective (ie much lower 
temperature) being simultaneously very efficient (ie using the least amount of air 
available).  

 
 
R & D activities on turbine cooling systems  
Research in AVIO on cooling systems are moving in two directions, the first with the goal of 
improved efficiency of systems for turbines of low and medium pressure and the second in 
identifying innovative technologies to be rather high effective components very small. 
The activities are generally performed with a first phase purely "virtual" that develops ideas and 
assesses the potential from a numerical point of view, and a second experimental that verifies on 
test benches the effective functioning of technology.  The experiments are conducted at different 
levels, starting on scale models at low temperature (with techniques based on liquid crystal) up to 
prototypes in 1:1 scale and tested in actual temperature on the bench AVIO Burner Rig.   
Many of the development activities in this area are closely related to materials area in particular as 
regards the use of barriers ceramics.   
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Prototype blades HPT-efficient cooling after tests 
at high temperature  

Es. fluid dynamics simulation of 
cooling system rotor blade  

Es. Liquid crystal test for the 
characterization of an entire thermal 
cooling system LPT  



·  Cooling Systems 
Combustor 

 The combustion chamber is obviously one of the most solicited from a thermal point 
of view, where the radiative effects of flame play a prominent role.  The latest 
developments related to the use of low emissions also are leading to demands for 
significant reduction of air available for cooling and therefore a situation 
increasingly critical heat. 

 
R & D activities on the use of cooling systems 
The research on the use of cooling systems are geared to finding ever more efficient 
systems to maintain the temperatures of individual components under allowable 
limits.  The activities are carried out both numerically and experimentally. 
Validation capacities range from experimental tests carried out by the technique of 
liquid crystals on scale models, to test the complete combustion in a real 
temperature. The ongoing activities are aimed to identify technologies to reduce up 
to 50% the cooling air 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample tests with liquid crystals on 
surfaces micro-holed 

Sample tests on real combustion with thermal-paint  

Example numerical analysis 



Analysis methodologies  
 The extreme precision required to calculations in a thermal module engine is linked 

mainly to the ability to manage the deformation temperatures that lead and that if not 
controlled, may precipitate the performance of an engine. On the one hand this 
implies the need to manage in an integrated all thermal phenomena, fluid dynamics  
and deformed. These phenomena are in fact closely related to each other and can not 
be measured simultaneously.  To the other side is required a capacity very high in the 
quality of the simulation of individual phenomena of heat exchange. 

 
 

R & D activities on methods of thermal analysis  
They all have the goal to improve the accuracy of thermal simulations. The 
development of tools that integrate solutions with thermal fluid and structural 
associated with a more thorough use of CFD are allowing to drastically reduce the 
uncertainties of the numerical solutions also referring to the analysis of an entire 
module engine. The introduction of methodologies based on stochastic calculation 
also make provision for maintaining the strength of the solutions as one of the 
objectives of the project process.  
All these development activities have numeric course the need to be supported by 
experimental evidence for their validation and / or certification.  A series of specific 
test benches are available in AVIO and at the partner university for this purpose. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thermal analysis by calculating fluid 
dynamics and integrated deformed  

Thermal optimization based on stochastic 
analysis by CFD use  



Cryogenic thermal exchange 
Special applications in space (liquid oxygen turbopump) to require AVIO the 
management capacity of thermal phenomena in cryogenic conditions.  In particular, 
the heat exchange in bi-(or multi-) roughly phases has an impact on the operation of 
the machine, it must be simulated and controlled. 
 
R & D activities on methods of thermal analysis  
The determination of rules and the development of codes of calculation adequate for 
the simulation of phenomena cryogenic-phase is one of the strands of development 
of the heat. The activities are based on numerical and experimental analysis.   
 
 


