Improvements in Turbomachinery Meanline Design and Analysis Tools

Statement of Work

1. Introduction

To aid in the development and to mitigate the risk of the propulsion system components, detailed fluid dynamics analysis is required.  These analyses will be used to define the flowpath, investigate alternate design concepts, predict the performance, and characterize the fluid environment.  An important area of analysis will be the turbomachinery, where fluid dynamics sets the shape of the blading and flowpath, and contribute greatly to the overall engine performance and durability.  The first step in the design and analysis of turbines is the application of meanline tools. The meanline code is a one-dimensional (1D) analysis, applied at the mean section of the turbine, that predicts performance, calculates gas conditions and velocity triangles, and generates a flow path elevation. This type of analysis uses very little computational resources, allowing the designer to analyze a large parametric design space in a very short period of time.  A meanline code applicable to rocket engine turbines was developed for MSFC by Riverbend Design Services under the Turbine Performance Optimization project. This meanline design code, MLFPgen, employs basic 1D turbine design equations coupled with loss correlations gleaned from experimental databases. The off-design meanline code (MLOD) developed for the TPO project predicts performance and calculates velocity triangles and gas conditions for a given, fixed geometry. 

The MSFC meanline codes are currently applicable to gaseous fluids in axial turbines only.  MSFC has the need for design codes that can be applied to liquid fluids (as in hydraulic turbines and pumps) and for radial geometries (as in radial turbines and centrifugal pumps). 

The tasks described in this statement of work (SOW) are required to meet the needs described in the introduction. 

2. Scope

The scope of the work detailed in this statement of work (SOW) is to enhance the current turbomachinery design and analysis tools.   Details of the subject work are given in section 3.

3. Tasks

3.1. Radial Turbine Stator Design Code Development

The objective of this task is to develop a radial stator contour generator and analysis code.  The contractor shall develop the radial geometry generator in a format similar to the axial turbine design tools.  The contractor shall couple the geometry generator with the Phantom CFD code for a coarse grid flow analysis.  MSFC shall provide the Phantom CFD code to the contractor.   The contractor shall supply the resulting code to MSFC, and assist in its installation on an MSFC computer.   The contractor shall document code methodology, the input and output variables along with their definitions, guidelines for radial turbine design, sample cases, and how to use the code.  

3.2.  Radial Turbine Stage Geometry Handler

The objective of this task is to develop a develop a radial turbine stage geometry handler.  The functions of this code will be to collect and assemble the radial turbine stator and rotor geometry, perform section stacking and fairing, generate input for CFD and structural analyses, and produce documentation for the complete stage.  The contractor shall also develop a wrapper to integrate the complete radial turbine design system. The contractor shall supply the resulting code to MSFC, and assist in its installation on an MSFC computer.   The contractor shall document code methodology, the input and output variables along with their definitions, guidelines for radial turbine design, sample cases, and how to use the code.  

3.3
Meanline Design and Analysis Tools for Liquid Fluids

The objective of this task is to develop meanline design and analysis tools for liquid fluids.  The contractor shall convert the axial turbine meanline and off-design codes and develop the off-design code for radial turbines to handle liquid fluids.  The resulting codes will have the capability to analyze both gaseous and liquid fluids.  The contractor shall employ the NIST Refprop fluid property routines in the codes. The contractor shall supply the resulting code to MSFC, and assist in its installation on an MSFC computer.   The contractor shall document code methodology, the input and output variables along with their definitions, guidelines for hydraulic turbine design, sample cases, and how to use the code.  

3.4
Pump Rotor Contour Generation and Analysis Code Development

The purpose of this task is to develop a code for the generation of pump blade contours. The contractor shall develop the radial geometry generator in a format similar to the radial turbine design tools.  The contractor shall couple the geometry generator with the Phantom CFD code for a coarse grid flow analysis.  MSFC shall provide the Phantom CFD code to the contractor.   The contractor shall supply the resulting code to MSFC, and assist in its installation on an MSFC computer.   The contractor shall document code methodology, the input and output variables along with their definitions, sample cases, and how to use the code.  

4. Documentation and Reporting Requirements

The following documentation and reporting will be required: 1) quarterly status and expenditure reports, 2) a final report.

5. Deliverable Products

	Item
	SOW

Ref.
	Due Date

(in Weeks

After Award) 
	Number of

Copies
	Format
	Distribution

	1.  Quarterly reports
	3.1, 3.2, 3.3, 3.4
	Quarterly after award
	1
	electronic
	COTR

	2.  Computer code resulting from task work
	3.1, 3.2, 3.3, 3.4
	 Quarterly after award
	1
	electronic
	COTR

	3.  Code Documentation
	3.1, 3.2, 3.3, 3.4
	52 weeks
	1
	electronicCOTR
	

	3.  Final Report
	4
	52 weeks
	1
	electronic
	COTR


6. Period of Performance

The period of performance for this work is one year.

