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Agenda 

— Overview and Status 

— Demonstration of Operability and Feasibility along F-Class Cycle

— NCSU : Total Pressure and Temperature Measurements 

— CFD : Rig Design and RDC-Turbine Interaction

— UM : Detonation Study for Interaction 

— Summary and Next Steps
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Overview and Status
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Program Overview
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Program Schedule and Status
Complete

In Progress

Low dP Feasibility & Operability Demonstrated

Rig HW Being Fabricated

Rig Layout in Progress

6FA Combustor Architecture Study Completed

PMP and TMP Submitted to DOE
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Demonstration of 
Operability and Feasibility 
along F-Class Cycle
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GE High Pressure and Temperature RDC Rig

Facility can reach all operating conditions for 7FA Cycle

Max 7F Cycle Operating Conditions : 800 F, 250 psi
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GE High Pressure and Temperature RDC Rig

Radial Airflow Design
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Demonstrated Detonation along 7FA Cycle

• Test durations are typically 2-4 seconds

• 2 different hardware configurations

• Various equivalence ratios

• “Detonation” includes sustained detonation only

• Sustained detonation demonstrated over full range 

of cycle

Demonstrated Successful Detonation Along F-Class Cycle
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GE RDC Rig Air Injector Pressure Drop

F-Class GT Operational dP Range

Successful Detonation at Actual Gas Turbine dP/P
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Representative H2-Detonation Pressure Signature 

> 80% of CJ speed demonstrated
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NCSU : Total Pressure and Total 
Temperature Measurements
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GE Optical Access Rig for NCSU Measurements

Optically 

accessible test 

section

Bullseye with UV 

grade fused silicaLaser sheet at 65˚ 

RDC 

Exhaust
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CFD : Rig Design & RDC-
Turbine Integration
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CFD for Unmixedness Studies over 
Design Parameter Range
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Bilger mixture fraction: 

• l = weighting factors for individual elements

• l,i = number of element l in species i

• Wl = atomic weight of element l in species i

• Wi = atomic weight of species I

• Yi = mass fraction of species i

To determine unmixedness:

• Generate axial planes.

• Calculate Bilger mixture fraction* β, variance, average of 

mixture fraction, and average of variance squared on planes. 

 

     

     

     

     

    

     

 
 
 
  
 
 
 
 
  
  

                                   

          

             
             
                                
                             
                             
                             
                              
                              

 

     

     

     

     

    

     

 
 
 
  
 
 
 
 
  
  

                                   

               

             
             
                                
                             
                             
                             
                              
                              

*Bilger, R. W., and Starner, S. H., and Kee, R. J., On reduced mechanisms for methane air combustion 

in nonpremixed flames, Combustion and Flame, 80, 2, 135–149, 1990.

— The lower the U value, the better the fuel-air mixing.

— Assess impact of different features & enable design down-selection.
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Example of Reacting Flow CFD for H2 RDC

— CFD provides insights into what geometric or operating parameters can be examined for detonation feasibility.

— RDC CFD yields boundary conditions for modeling flow path downstream of RDC toward turbomachinery.
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Aero Modeling for Downstream Flowpath

• Identify major aero performance concerns in downstream flowpath

• Steady-state screening CFD calculations performed to assess aero performance in the combustor-turbine 

transition piece

Architecture design choices will require careful attention to avoid significant aerodynamic losses in the transition piece.
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UM : Detonation Study for 
Interaction
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UM : CFD for RDC-Turbine Integration

Detonation fitting approach:

• Capture induced properties without needing to resolve 

detonation

• Properly model oblique shock resulting from detonation wave

— Detonation fitting approach predicts same temperature field as general chemistry approach.

— Detonation fitting solution applied at RDC for downstream flow domain BC.

2D RDE Domain and Boundary Conditions

2D RDE with Detonation Fitting, 

Stoichiometric H2 + Air

2D RDE with General Chemistry, 

Stoichiometric H2 + Air
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Summary and Next Steps
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Summary And Next Steps

• Task 1 : PMP and TMP submitted

• Task 2 : Radial low dP (GT Cycle) feasibility and operability along 7FA GT 

OPLINE Demonstrated. Axial next.

• Task 3 : Scaling rig design finalized. First set of hardware released for 

fabrication.

• Task 4 : Thermal steady state rig layout in progress. 

• Task 5 : Combustor Architecture study completed. RDC-Turbine interaction 

and integration studies in progress.
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