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With the New Vision for Space Exploration and increasing interest in hypersonic lightweight missile systems, NASA and DOD will be conducting ground and flight tests over the next few years of current generation heat shield materials.  These test programs will meet the needs of the nation for access to and from space, planetary probes to the outer planets, and for missile applications.  It is essential that adequate reliable flight test instrumentation with a track record of performance be utilized to insure that valid flight test data are obtained.  These data are needed to evaluate the aerothermodynamic performance of the vehicles, and to model and validate the predicted Thermal Protection System (TPS) response.  

The purpose of this paper is three fold: 1) to describe the operating principles of various thermal sensors that were developed by DOD for nose tip and heat shield evaluation for ablating materials, 2) to show typical flight and ground test data that have been obtained which assisted in qualifying the TPS systems, and 3) to show upgrades of the sensors to meet the needs of current generation ground and flight test TPS materials being tested for NASA and military applications.
Of the multitude of thermal heat shield sensors that have been developed for military applications, three will be discussed in this paper which are now commercially available that deal with measuring ablation, heat flux and onset of boundary layer transition, and measurement of in-depth isotherms.  Specifically, the basic sensor and upgrades of the following gages will be discussed: the ARAD (Analog Resistance Ablation Detector), the Delta-T heat flux transition gage, and the Quad multi-element embedded plug thermoucouple.  One example of unique flight data from the Delta-T sensors was the verification that turbulent wedges existed aft of antenna windows while the flight test re-entry vehicle was in laminar flow.  This phenomena continued to produce aggravated heating and gouging aft of the antenna window after the boundary layer transitioned to turbulent flow.  

Typical upgrades to the sensors that will be discussed include a smaller foot print for the Delta-T sensor and amplifiers to provide higher altitude data, and a dual range capability.  In addition, the ARAD sensor which measures ablation and also continuously monitors a specific in-depth isotherm can be fabricated with different core materials to identically match the ablation rate of the heat shield material.  Flight data from ARAD sensors with two different core materials (carbon phenolic, and quartz) will also be shown.

As part of a concerted effort to characterize re-entry material technology, NASA Marshall Space Flight Center, NASA Langley Research Center, the U.S. Army Aviation and Missile Research, Development, and Engineering Center, and ITT Industries are conducting a series of ground tests in the Langley High Temperature Tunnel aerothermal test facility later this year.  One of the tests to be conducted will be a suite of ARAD, Delta-T and Quad Plug embedded Thermocouple sensors that will be tested in a Silica Phenolic sample.  Data from this ground test will be reported in a subsequent workshop.

