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Objective:
Ingestion of dirt and other fine particles lead to blockages of cooling holes 

that ultimately diminishes the effectiveness of combustor wall 
cooling. The objective of this study is to explore how cooling 
capabilities are impacted for new liner designs through detailed heat 
transfer measurements with and without dirt accumulation.

Temperatures and pressure pressures exiting the combustor can affect 
the efficiency and durability of the high pressure turbine. The 
research objective is to design a non-reacting profile simulator that 
produces temperature and pressure profiles representative of those 
entering high pressure turbines using computational fluid dynamics 
(CFD) simulations.

Project Benefits:
The expected benefit from the dirt study is to better understand the 

effects of dirt accumulation on heat transfer rates across double-
walled combustor liners. Combining this increased understanding of 
heat transfer with the use of prior dirt mitigation designs will lead to 
reduced turbine maintenance. The expected benefit from the 
combustor profile simulator is to understand how the different 
temperature and pressure profiles affect the efficiency and durability 
of hot turbine section components.

Research Approach:

The research approach for obtaining accurate heat transfer 
measurements within double-walled liners for combustors 
includes careful design and benchmarking with relevant 
literature; comparing a baseline double-wall design that is clean 
with one in which dirt is deposited; compare other designs in 
terms of cooling reductions due to the dirt deposition for double-
wall designs.

The second part of this project is to design and manufacture a 
combustor profile simulator for integration into the turbine rig in 
the START Lab.  The approach is to perform CFD simulations 
that guide the design firm in developing a workable design with 
significant flexibility.  Both two-equation and more sophisticated 
LES turbulence simulations are being conducted for design 
purposes.  These CFD simulations will also be benchmarked in a 
lab-scale experiment.  

Major Accomplishments (to date):
Two different heater designs have been tested with dirt and no dirt. 

Both designs have shown that dirt negatively impacts the rate of 
heat transfer.  A number of CFD simulations using both 
Reynold’s-averaged Navier-Stokes (RANS) and large eddy 
simulation (LES) models have been computed. Comparisons of 
both models are being used to tailor the temperature and 
pressure profiles to the shapes desired.  The design has begun 
for the simulator with the design firm.

Future Work / Schedule:
There will be a continuation of the double-wall testing to validate the 

experimental dirt testing procedure.  Heat transfer 
measurements will be made on different scaled coupons and 
surface features. CFD simulations will continue to assist in the 
iterative design process with the design firm.  
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