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Aeolus Transfer Link 

• The Transfer Link automatically converts an 

Aeolus meanline model into an initial 

throughflow model for TurbAero/AxTurb using 

experienced-based geometry assumptions AxTurb input data file: 

Aeolus input data Excel file: 
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Aeolus Turbine Preliminary Design & Analysis 

Aeolus is an experienced-based, preliminary design tool coupled with a 

rigorous performance analysis.  

This two-part system can design & analyze flow paths for many types of axial 

turbines, ranging from small waste heat expanders to large power gen units.  

Program Capabilities: 

• Any number of stages, impulse or reaction type designs 

• Real gas properties, supercritical fluids & wet steam with industry standard 

databases: NIST RefProp and ASME ’97 

• Partial admission, Curtis stages, impulse and reaction designs 

• Extractions/bleeds/inductions, double-flow stages 

• Seal leakages, blade forces and axial thrust loads 

• Supersonic expanding nozzles, including drilled (axisymmetric) 

• AMDC based loss component analysis, refined by Kacker & Okapuu (Ref. 1) 

and similar to that in TurbAero (Refs. 2 & 3). 



Aeolus Preliminary Design Tool 

4 

The Flow Path Design tool is a useful complement to TurbAero in several 

important areas:  

• preliminary sizing & optimization of multi-stage flow paths to establish: 

− flow path radii at hub & tip 

− inlet and exit (gauging) angles for all nozzles & blades 

− airfoil geometry parameters (no. of blades, chord, axial width, max. 

thickness, trailing edge thickness, clearances 

• graphical displays of design parameters to aid the optimization process 

• industry standard fluid properties:  

− Steam (ASME ‘97) and real gases (NIST RefProp) 

• Excel based input and output sheets for convenience in entering data, 

reviewing results and creating output plots 



Aeolus for Performance Analysis 
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The Meanline Performance analysis is a useful complement to TurbAero 

in several important areas:  

• Extended capabilities for steam turbines: 

- supersonic flows (including drilled nozzles) 

- extractions, inductions, double flow stages 

- seal leakages & axial thrust loads 

- converged solutions for a much larger number of stages 

Ref 4 compares results with AxStream for a 17-stage steam turbine 

• Graphical output and industry standard fluid properties 

• Similar loss component analysis as TurbAero/AxTurb (Ref. 2), allowing 

for a close comparison of results between Aeolus and AxTurb. 

• Automatic creation of all input data for AxTurb 



Overview of TurbAero Design System  
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TurbAero is a software system comprised of 17 different axial & radial turbine 

aero design and analysis programs (Refs. 2 & 3)  

 

 

 

 

Axial Turbine Programs    Common Programs          Radial Turbine Programs: 

 AFTSIZE                  B2B2D/TDB2B                  RIFTSIZE                                            

 AXTURB                  RKMOD                            RIFT  

 AIRFOIL                  GASDATA    RIFTNOZ 

 BLADE                  EXHAUST    FLOW3D 

                                                               GASPATH/BEZIER  

                                                               RIGPAC  

                                                               VOLUTE  



AxTurb Description  
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AxTurb is the throughflow analysis module for TurbAero. 

AxTurb Capabilities: 

• 2D throughflow analysis for axial turbines based on a streamline 

curvature approach with full radial equilibrium 

• Subsonic to transonic flows including multiple choked rows 

• Very good convergence abilities for smaller number of stages (< 10) 

and subsonic/transonic Mach numbers (< 1.2) 

• Real gas properties use Aungier’s Modified Redlich-Kwong model 

• Program theory & loss models are fully documented (Ref. 2) 

• Prediction accuracy has been validated with several test cases (Ref. 2) 



Aeolus to AxTurb Transfer Demo 

for a 7-Stage Steam Turbine 

 



Step 1 – Start Aeolus then read in a turbine input file 
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Operating 

Conditions 

Flow Path 

Model 
Input Data 

Review 



Step 2 – Run Aeolus Meanline Analysis 

by selecting “Analyze” 
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Step 2 – After reaching convergence, 

            generate the Excel output file 
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View Graphical Results if Desired (optional) 
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Stage Velocity Triangles Thermo State Points & Expansion Line 



Step 3 – Select ‘Export’ Menu then ‘Translate’ 
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An AxTurb input file is 

automatically created from the 

Aeolus input data and other 

experienced-based assumptions 



Step 4 – Start AxTurb Then Read in the New Input File 
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All input data requirements  

have been transferred from Aeolus 
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Step 5 – Run AxTurb then compare results with Aeolus 
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Comparison of Overall Performance: 

                   Aeolus   AxTurb 
Efficiency       74.9%    73.0% 

Power, HP     5,140     4,891 

Flow, lb/hr    80,588   78,680 

Aeolus output 

AxTurb output 
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