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Abstract

The collective finding obtained from the present AGTSR project suggests that the thermo-
graphic phosphor (TGP) measurement technique developed at Carnegie Mellon is a very effective
method for characterizing the surface heat transfer of a system with multiple driving temperatures. 
Its unique feature in resolving film effectiveness and local heat transfer coefficient simultaneously
is unmatchable by any measurement approach for turbine cooling applications.  As a result of
collaboration with researchers in several ATS industrial partners, the present research focus is
extended to exploit issues concerning heat transfer with interfacial leakage and its interaction with
film cooling present in the vicinity.  Such issues were unable to be resolved effectively by other
experimental techniques in the past.  Leakage is one class of turbine cooling problems which has
been much disregarded, yet occurs in many locations within the turbine hot flow path, concerns
the flow and heat transfer over component-to-component interfaces.  Ideally, the interfaces are
perfectly smooth transitions which present the least possible disruption, and hence also the least
turbine losses.  In reality, interfaces are subject to misalignment due to manufacturing tolerances
and assembly, and so may present steps in the flow path having undesirable aerodynamic and
thermal consequences.  A better control of leakage on both manufacturing and operational fronts
becomes essential as the targeted system performance increases.

The convective transport for the baseline geometry with interfacial leakage is a "three-
temperature" problem, as the heat transfer in the system is driven by three temperature sources.
The case is further complicated when film cooling is present in the gap vicinity - the system
becomes a "four-temperature" problem.  A four-temperature problem or a three-temperature
problem is far more complex than its two-temperature counterpart.  In the past year, significant
effort has been devoted to analyzing the four-temperature problem and identifying key parameters
that govern the thermal characteristics of the system.  The local reference temperature for defining
a viable heat transfer coefficient is expressed as a function of multiple film effectiveness.  The
results reveal that the amount of leaking flow as well as the gap geometry and orientation has
profound effects on the overall film cooling performance.
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