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Various methods for remote recession sensing of PICA have been developed and several 
seeding methods have been tested. The most recent method involved seeding the ablator with 
wires fed to the sample from the backside with a defined amount of PICA left towards the 
upstream front of the sample. This seed method mimics the installation of in-depth 
thermocouples as they are frequently used in ground testing and flight. Arc-jet tests were 
conducted in the NASA Langley HYMETS facility at a heat flux of 320 W/cm2. The emission 
of the post-shock layer was observed in spectral resolution from the side along an optical 
axis perpendicular to the arc-jet flow and from the front, looking at the sample surface from 
an upstream position. Various metallic seed materials with different melting points were 
used. In addition to the emission spectroscopy measurements, the samples were monitored 
during the tests through pyrometry and videography. The time resolved response of the 
seeded material is described and compared to earlier tests with different seeding methods. 
The combination of seed materials was found to be critical for the selection of emission 
signatures characteristic for the material recession which can be isolated in the final 
emission spectra.  

I. Introduction and Motivation 
HE development of materials for reliable thermal protection systems (TPS) for atmospheric entries requires 
extensive material testing in ground test facilities under conditions relevant to high speed re-entry such as the 

NASA Ames arc-jets. However, even these high power facilities are not capable of reproducing real flight 
conditions.1 Instead, an extrapolation of the ground test data to atmospheric entry conditions is necessary. This is 
achieved through aerothermochemistry simulation codes. Thus, aerothermochemistry and material response 
simulations have become very important tool for designing new TPS systems. Material recession and charring are 
two major processes determining the performance of ablative heat shield materials. For validation of 
aerothermochemistry and material response codes, time-accurate knowledge of recession and char depth is 
considered valuable information, especially during flight.  

Electro-mechanical recession sensors have been developed2 but require substantial on-board instrumentation 
adding mass and complexity. In the recent work, a methodology for recession measurements through the detection 
of seed elements buried at known depths inside the TPS material was developed.3,4,5 The basic idea of remote 
recession sensing is to seed specific materials at a known depths inside the ablative material. Once recession reaches 
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the seeding depth, the seed material comes in contact with the plasma, is gasified, and transported into the hot region 
of the post-shock layer by diffusion processes where the characteristic emission signatures can be detected by 
emission spectroscopy. Detection could be accomplished through ground based or airborne observation as 
performed during the Stardust6 and Hayabusa6 re-entries, through on-board spectrometers, or even through 
formation flight. A feasibility study in a NASA Ames arc-jet facility was successfully conducted and showed 
promising results.3 Seeding PICA samples though insertion of epoxy disks which contain the seed materials or 
through PICA plugs where the seed materials were introduced during the curing process has been demonstrated in 
arc-jet testing in the HYMETS facility at NASA Langley.4,5 

The most recent tests conclude the assessment of different seeding methods by investigating seeding of PICA 
through metal wires, mounted in the heat shield material like thermocouples. The advantage of this method is that 
the application of in-depth thermocouples is already flight qualified and accepted from a system engineering point of 
view. In this paper, the application of metal seed wires is demonstrated during arc-jet tests. 

II. Experimental Setups for HYMETS Testing 
The NASA Langley HYMETS arc-jet is one of the NASA ground test facilities for the experimental 

investigation of thermal protection materials. A 400 kW power supply is used to run a segmented-constrictor direct-
current electric arc heater, which serves as the arc plasma generator. Test gasses are injected tangentially into the 
bore to produce a vortex flow, which spin-stabilizes the electric arc of the plasma generator. The heated mixture is 
then accelerated through a convergent-divergent 8-degree half-angle Mach 5 conical nozzle with a 12.7-mm 
diameter throat. To increase the footprint of the arc and thus protect the electrodes from rapid oxidation, argon (Ar) 
is injected near the anode. After passing through the test section, the flow exhausts into a 0.6-m diameter by 0.9-m 
long vacuum test chamber. A high capacity pumping system is used to evacuate the stagnated flow from the facility 
after being cooled. Depending on the tunnel conditions, the facility can be operated by a single technician, 
continuously, and for several hours.8,9 

 

. 
Figure 1.   Setup for optical emission spectroscopy (OES) from the side with an Andor imaging spectrometer 
and a miniaturized fiber coupled spectrometer, the suite of miniaturized fiber coupled spectrometers viewing 
the specimen stagnation surface, and associated viewing geometries inside HYMETS. 

For the emission spectroscopy measurements, an Andor Shamrock spectrometer with 500 mm focal length in 
combination with a Princeton Instruments PIXIS:400BR_eXcelon CCD was used for spectral dispersion and 
detection. The spectrometer observed the stagnation region in front of the PICA samples through a side window of 
the HYMETS facility. The 150 lines/mm grating allowed for simultaneous detection of a wavelength range from 
204 nm to 550 nm with a spectral resolution of ~0.26 nm. A 445 mm focal length parabolic mirror and several 
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Figure 6.   Predicted seed element emission and time trace of the spectral emission of the entire post-shock 

layer from the side view during the insertion of PICA-Z, seeded with V, Ag, and Al wires oriented parallel to 
the sample surface. 

 
 
For a more detailed analysis, line integrals were extracted from the spectra by integrating the line emission and 

subtracting a trapezoidal background based on the corner values of the integration borders to account for underlying 
continuum emission from the glowing sample or interfering emission from other plasma species. If the emission line 
of concern is not present, though, this integration can generate negative values as it is the case for the tungsten line 
integral in Fig. 7 (b). If multiple emission lines were available, the shown emission for each element is the average 
of the lines which could be separated from the plasma background. These line integrals were normalized to illustrate 
the time history of the emission of each element. The surface temperatures of each sample measured with a facility 
pyrometer and, where available, in-depth temperature traces are shown. Except for sample PICA-A, the sample 
surface was monitored through color videos of the sample insertion. From these videos, images were extracted at 
times when changes on the surface became visible, i.e., when the recession reached the seeding depth at a seed 
element location to be compared with the spectral response. Where available, x-ray images of the samples before 
testing are added. In general, the signals from both spectrometers agreed well with each other unless the lower 
spectral resolution of the Stellarnet spectrometer did not allow for a clear separation of the emission line of concern 
from the plasma background which happened for the In line during testing of sample PICA-A. 
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Figure 7.   Recession analysis of sample PICA-A, seeded with co-axial In and W wires and instrumented with 
two in-depth thermocouples: (a) normalized line integrals extracted from the Andor spectra vs. time after 
sample insertion; (b) normalized line integrals extracted from the Stellarnet spectra vs. time after sample 
insertion; (c) surface temperature from pyrometer measurements and in-depth thermocouple response vs. 
time after sample insertion, and (d) post-test picture of the sample. 

 
In the Andor data for PICA-A, at about 13 s after sample insertion first signals of Mn become visible, followed 

by first emission of Cr at 15 s and of Ni at about 18 s. All these line integrals increase up to a peak value at about 
23 s, then decrease again and show a second local maximum at 27 s, and remain visible until the end of the test. A 
very similar trend is observed in the Stellarnet data, although no reasonable Mn signal could be separated from the 
plasma background due to the lower spectral resolution. The peak values, however, are sharper in the Stellarnet 
spectra. The emission of W becomes visible at about 25 s into the test with both spectrometer and peaks at the end of 
the test. The line integrals of In show a very similar trend in the Andor data, but result in a sharp peak at about 28 s 
with the Stellarnet spectrometer. The seed wires and the thermocouple have a nominal distance of 1.65 mm to the 
sample surface. With the an average recession rate of 0.107 mm/s obtained from thickness measurements before and 
after the test, the seeding depth should have been reached after 16.4 s which is much earlier than the 25 s at which 
significant line emission from seed elements appears in the spectra. A probable explanation seems to be inadequate 
assembly of the samples with the seed wires, which were inserted from the back of the sample, were not reaching far 
enough into the sample material. In the post-test image, it can be seen that the tungsten wire extends from the 
surface and therefore showed a slower recession rate than the PICA material. Mn emission, on the other hand, is 
already seen at 10 s in the Andor spectra, followed by Cr at 15 s, and Ni at 18.5 s. The corresponding values from 
the Stellarnet spectra are shifted towards later times, All TC line integrals increase with test time, show a sharp peak 
at 23 s, and a second local maximum at about 27.5 s in the data of both spectrometers. As will be shown later in the 
data of other the samples PICA-B and PICA-C, the sharp peak usually correlates with the appearance of the 
thermocouple wire in the video, meaning at this sharp peak, recession reaches the TC wire. The emission of Mn, Cr, 
and Ni before recession reaches the wire is explained is explained by the metal melting inside the PICA body once 
the in-depth temperature gets sufficiently high and molten metal diffusing through the porous PICA most probably 
through capillary effects. 
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