Comprehensive Nonlinear Combustion Instability Model Development
Statement of Work

Goal
The goal of this effort is to develop and validate a combustion instability (CI) analysis tool that relies upon nonlinear gas dynamics, shock wave and detonation wave interactions, along with viscous and rotational flow effects within complex combustor geometries.  The model will incorporate detailed combustion zone/energy release profiles and injector coupling phenomenon.
Requirements
The contractor shall incorporate the following into the nonlinear CI model:

1. The contractor shall incorporate all of the physical phenomenon stated below that are believed to play a role in CI.

2. The contractor shall clearly delineate the method of solution used for each portion of the complete model.

3. The model shall be based upon the perturbed form of the fundamental equations of fluid motion and species conservation.

4. The perturbed equations shall incorporate all applicable nonlinear terms (i.e., viscous terms, body force terms, rotational flow terms, etc.).
5. The model shall treat the existence of shock waves in each mode of instability.

6. The model shall incorporate injector coupling without the use of the R-L-C circuit analogy.
7. The model shall be capable of analyzing complex combustor geometries, such as barrel sections with mixers, trip rings, etc.
8. The model shall output the limit cycle pressure oscillation amplitude and mean pressure shift (“DC shift”).
9. The model shall output pressure waveforms at any point or points – as selected by the user -- within the combustor geometry.
The model shall be validated using specific case histories as selected by the Government.
Project Work Breakout and Period of Performance
Baseline Period: Four months from ATP

The baseline period is focused upon the development of a one-dimensional model designed to analyze the longitudinal mode of CI.  The contractor shall write a computer simulation that encompasses all the aforementioned requirements and that allows the user to input specific combustor geometry and propellant conditions.  That simulation shall be a one-dimensional representation of the combustor system.  The period of performance shall be four months.
Baseline Milestone (ATP + 4 months)

At the end of the baseline period, the contractor shall demonstrate the one-dimensional CI analysis code.  That demonstration shall include the simulation of a liquid rocket combustor (to be chosen by the government) at two distinct power levels.  Further, that demonstration shall be blind analysis – that is, the government will not make combustor test data available to the contractor until after the analytical results are reported.  Actual combustor geometry and propellant conditions shall be delivered to the contractor for input to the milestone analyses.
Optional Period: Nine months from end of baseline period

The optional period is focused upon the development of a two-dimensional model designed to analyze tangential and radial modes of CI. The contractor shall write a computer simulation that encompasses all the aforementioned requirements and that allows the user to input specific combustor geometry and propellant conditions.  That simulation shall be a two-dimensional representation of the combustor system.  The period of performance shall be nine months.

Option 1 Milestone:
At the end of the optional period, the contractor shall demonstrate the two-dimensional CI analysis code.  That demonstration shall include the simulation of a liquid rocket combustor (to be chosen by the government) at one power level.  As in the baseline period, that demonstration shall again be blind analysis.  Actual combustor geometry and propellant conditions shall be delivered to the contractor for input to the milestone analysis.

Deliverables for Baseline and Option 1:


Throughout the period of performance, the contractor shall provide project data to the NASA MSFC to support reporting requirements to NASA leadership.  The reporting requirements include supporting a biweekly teleconference to discuss accomplishments, issues, and future planned events; a monthly email report with electronic slides showing key accomplishments; quarterly reports; and a final report.  Fully commented source code, along with a User’s Manual and a standalone executable, shall also be submitted with the final report.
