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Abstract 
Thermal barrier coatings (TBCs) are absolutely critical to the efficient and safe operation of gas 

turbine engines (GTEs). Manufacturing TBCs is a complex chemical, thermal and mechanical process 
that requires precise control. And yet, the variation in life of a TBC operated within a GTE is large. This 
variation ultimately reduces operational performance via a designed reduction to the turbine entry 
temperature, T4.  

This paper makes the case for developing advanced THz and submillimeter based non-destructive 
testing (NDT) techniques, capable of estimating when TBC components will fail. Such a technique could 
identify TBCs with low expected remaining useful lifetimes, directly after production. These TBCs could 
be remanufactured, thereby not only improving their own expected useful life, but also the mean lifetime 
of the entire manufacturing population. A series of calculations demonstrates that TBCs with enhanced 
life characteristics can withstand higher T4 temperatures. Assuming that a GTE is to operate at a constant 
thrust, this increased temperature can be traded for a reduction in fuel flow. An analysis comparing fuel 
savings to manufacturing costs shows that substantial savings are achievable.  

1.0 Introduction 
Gas turbine engines (GTEs) were first developed in the late 1930s, and at the time were producing 

around 1,000 lb of thrust (Ref. 1). Today, GTEs are capable of producing over 70,000 lb of thrust. In the 
1960s turbofan bypass ratios were typically less than two, while today, bypass ratios above 10 are the 
norm (Ref. 2). Next generation designs aim to improve overall efficiency by pushing the boundaries of 
material properties. For example, combustion temperatures today already exceed the melting point of the 
combustor and first stage turbine blades, and yet they are continuing to rise. 

There are several reasons for designing GTEs to run at increased combustion temperatures. For 
example, hotter combustion is a byproduct of running a lean fuel to air mixture, which reduces fuel 
consumption. In addition, higher combustion temperatures increase the amount of energy available for the 
turbine to extract, thereby increasing thrust (Ref. 3). This increased thrust can be used to power a larger 
fan, resulting in an increased bypass ratio. Achieving these benefits however, requires further 
advancements in material durability. 

Thermal barrier coatings (TBCs) play a crucial role in enabling future GTE designs. Modern GTEs 
use TBCs to protect combustors and first stage turbine blades from the harsh environment in which they 
operate. TBCs are incredible materials. In the case of turbine blades, the TBC must support large thermal 
gradients between hot gas on their outer surface and relatively “cool,” air being pumped through inner 
substrate cooling channels. In addition, TBCs must closely match the thermal expansion properties of the 
substrate superalloy. Ultimately, TBCs form a highly complex mechanical, chemical and thermal 
structure, with the material they are protecting. Because TBCs are so complex, understanding how they 
fail is a challenge (Refs. 4 to 6). 
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