Solicitation Statement
Thermal Performance of Internal Insulation Materials under
Rocket Motor Operating Conditions

Project Description: 
NASA has a need to test Polybenzimidazole Acrylonitrile Butadiene Rubber (PBI-NBR) insulation material.  The contractor shall conduct a series of tests to determine PBI-NBR insulation material performance in a simulated solid propellant rocket environment. The thermochemical environment to which the PBI-NBR insulation is exposed shall be similar to that of the Space Launch System (SLS) 1st stage, five segment, solid rocket booster (RSRMV).  The test section in which PBI-NBR insulation samples are placed shall be instrumented to characterize the thermal/fluid environment to which the insulation samples are exposed.
Test Objectives:

1. To characterize the erosion behavior of thermal insulation materials (such as PBI-NBR, Carbon-Fiber Filled Ethylene Propylene Diene Monomer rubber (CF/EPDM), and Asbestos Filled Rubber (ASNBR)) under realistic rocket motor operating conditions.
2. To obtain data measuring heat transfer rates to the combustion gas side of the insulation (PBI-NBR and CF/EPDM or ASNBR) within the solid rocket motor during motor firings.  Especially, characterization of the thermochemical environment that the insulation surface is exposed to during motor firing and in-depth temperature measurements.
3. To obtain empirical data for validating numerical ablation models.  To this end, in addition to the thremochemical environment to which the PBI-NBR insulation surface is exposed, real-time char depth, pyrolysis depth, surface recession, and in-depth temperature data will be acquired and reported.
Test Requirements
1. The work must be completed with results reported no later than September 15, 2012 in order to meet the needs of government analysts supporting RSRMV Qualification Motor (QM) I.
2. The test facility must be capable of performing side-by-side tests using PBI-NBR and either CF/EPDM or ASNBR insulation from the Space Shuttle RSRM program.
3. The test facility must be capable of: 1) Matching combustion product species of the RSRMV.  2) In-situ test sample surface radiation and convective heat flux measurement, 3) In-situ test sample in-depth temperature measurement.  4) Time-accurate material recession rate measurement including instantaneous location of the interface between the char layer and the virgin material and measurement of surface regression rate.
4. The test section should be built to produce a dominantly two-dimensional flow that eliminates complex flow patterns, e.g., separated flow, strong vortices, and test section side wall edge effects.

List of Deliverables:

1.) The contractor shall submit a final report including, but not limited to, the following information:

a. Plots showing the deduced char growth and surface erosion rate histories of both the PBI-NBR and CF/EPDM or ASNBR samples from each firing;

b. Plots detailing the real-time in-depth temperature history of the PBI-NBR sample for each test firing;

c. Plots showing the real-time chamber pressure history for each firing;

d. Plots showing the deduced total surface heat flux history from the solid rocket motor (SRM) interior for each firing;

e. Plots showing the deduced radiative heat flux history from the SRM interior for each firing;
f. Discussion and interpretation of measurement results; and
g. Listing of the chemical composition of the motor propellant.
2.) The contractor shall submit the following electronic files containing both the raw measured data and the relevant deduced results, including:

a. Material recession measurement technique visual data such as real-time X-ray radiographs;

b. In-depth ablative temperature histories;

c. Chamber pressure-time histories;

d. Raw temperature-time histories from heat flux gauges;
e. Material recession measurement technique raw data such as raw radiometer data;
f. Deduced char layer thickness and surface erosion histories;

g. Deduced total heat flux as a function of time;
h. Deduced radiative heat flux;
i. Photographs of the experimental setup; 
j. Pre- and post-fire photographs of the test samples; and
k. Schematic of the test motor including physical dimensions.
