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Identification and Significance of Innovation

NON-PROPRIETARY DATA

An accurate predictive capability of coupled fluid-structure interaction in propulsion
system is crucial in the development of NASA's new Space Launch System (SLS).
This STTR effort will develop a multi-disciplinary tool to improve CFD prediction
capability in modeling coupled fluid structure interaction (FSI) phenomena for many
SLS propulsion applications such as flexible inhibitors for SRMs. Phase I will
demonstrate the improved pressure oscillation modeling fidelity and provide great
insight into the physics of nonlinear FSI leading to thrust oscillations in SRMs. The
Phase II effort will conduct more validations and investigations of several SLS FSI
phenomena including the physics of flexible inhibitors in triggering unsteady
pressure oscillations and flow induced vibration of turbine and inducer blades in
liquid rocket engines.

Estimated TRL at beginning and end of contract: ( Begin: 2 End: 4 )
Technical Objectives and Work Plan

The overall technical objective of this project is to develop a comprehensive, fully
coupled, high fidelity, user friendly simulation tool for fluid structure interaction
analysis of propulsion system. The developed tool will couple an existing NASA
production CFD code with highly accurate numerical schemes and massive parallel
capabilities,  with a DoD open source Finite Element nonlinear large deformation
structural solver, to solve fluid-structure interaction from first-principles. The
conjugate heat transfer can be solved to form a comprehensive fluid-thermal-
structure analysis environment. The tool will be rigorously validated against coupled
as well as decoupled problems (fluid and structure individually).   Once the model is
proven to be capable in Phase I , the Phase II work will conduct investigation of the
FSI physics of the flexible inhibitor in triggering unsteady pressure oscillations
inside the SRM. The developed multi-disciplinary tool will enable design trade
studies of the new SLS propulsion system and will facilitate improvements in the
solid booster performance and liquid rocket engine safety.

NASA Applications

A fully coupled fluid-structure interaction tool will find a large number of applications in
the SLS propulsion system including:
-Modeling of liquid damping devices
-Liquid propellant tank breathing -Fluid-structure interaction in nuclear thermal rockets
-Modeling of water troughs interactions with Ignition Over Pressure
-Prediction of self-generated dynamics of fluid delivery pipes with deformable bellows
-fluid-thermal-structural coupling of rocket engine nozzles

Non-NASA Applications
Direct applications of the technology are in the analysis of dynamic loads problems of
aerospace vehicles, such as buffet, flutter, buzz, and control reversal. Direct applications of
the technology are also in noise, vibrations, and buffet suppression of rotorcraft and
commercial air vehicles.
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