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ÅOxygen + fuel 

ÅDirect fired sCO2 
combustors have a 
third inert stream 

ÅChallenge: 

ïMix and combust fuel 
without damaging the 
combustor  
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Current Objectives 

ÅDesign a 1 MW thermal oxy-fuel combustor 
capable of generating 1200°C outlet 
temperature 

ÅManufacture and assemble a combustor and 
test loop, and commission oxy-fuel combustor  

ÅEvaluate and characterize combustor 
performance  

ïOptical access for advanced diagnostics 
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Project Schedule 

ÅDesign Phase: June 2018 

ïCombustor design 

ïLoop design 

ÅManufacturing construction and 
commissioning: June 2018 ς Dec. 2019 

ÅTest and data collection: Jan 2020 ς March 
2021 
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Bench Top Reactor 

Å1/4in diameter 

ÅContinuous flow 
auto-ignition 
reactor 

ÅInlet conditions 
~900°C and 200bar 
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Test Stand Loop Design 
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Oxy-fuel Test Reactor 

ÅMachined from Haynes 230 
bar stock 

ÅInstrumentation standoff 
tubes welded to main 
combustor 

ÅTwo stage pre-heater to 
achieve 925°C combustor 
inlet  
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Bench Top Reactor Temperature Profile 

Å Significant heat transfer 
within the reactor 

Å Auto-ignition occurred 
at a significantly lower 
temperature than 
predicted 

Å Combustion zone 
temperature calculated 
based on a constant 
heat flux assumption 

Å Combustion zone 
temperature well below 
design temperature 
ïSufficient fuel and 

oxidizer for 1100°C 

February 2018 Oxy-fuel Working Group 10 



Reaction Time Scales 
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ÅTime scales for  
premixed combustion 

ÅCombustion zone 
residence time was ~0.2s 

ÅAt these temperatures, 
combustion and 
residence time scales are 
similar 

 



Results Discussion 

ÅFuel and oxidizer were sufficient to raise 
outlet temperature to ~1100°C  

Å²Ƙȅ ŘƛŘƴΩǘ ƛǘΚ 

ïMixing time 

ïChemical kinetics 

ïHeat transfer and wall effects 

ÅAuto ignition occurred at high concentrations 
of CO2 at ~620°C 
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Cylindrical casing designed for 450 °C, 250 bar 

Cooling CO2 

Fuel 
O2 

CO2 

Cooling CO2 

700 °C 

375 °C 

1600 °C >1200 °C 400 °C 

Cooling CO2 

Cooling CO2 

Design Pressure: 250 bar 
Temperature: 375-700 °C 
Material:  321 stainless steel 
Casing ID: 10.13 in 

Cooling 
CO2 



Use of cooling flows reduces casing exposure temperatures 
for inlet blind flange 

Blind flange with openings 
for fuel, O2Σ ¢/ΩǎΣ ŜǘŎΦ 

Liner is removable from nozzle assembly 

Fuel, O2, TC, etc. Inlet Tubes 

Clearance gap 
for cooling flow 

Hot Inner Liner 

Clearance gap 

Hot CO2 

Cool Fluid 

Nozzle welded directly to blind flange 

Chamfered inner 
edge 

High temperature 
alloy spool 
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Stress highest near inlet connection to reinforcement collar, in 
blind flange, and near tube connections 

Temperature at inner surface: 200 °C 
Stainless 321 allowable at 200 °C: 129 MPa 
1.5x Allowable stress:   193.5 MPa 
3.0x Allowable stress:   387 MPa 
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Use of AN fittings directly machined into combustor 
case eliminates potential leak paths 

Bent TC and gas 
sampling tubes 
gives more access 
around nozzle 
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Combustor Aero-Thermal Design 
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Kinetics Knowledge Base 
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CO2 concentration 

Pressure 
Current Application 

P up to 200 bar 
xCO2 up to 0.96 (mostly as diluent) 

Well-Developed Mechanisms 
P up to 20 bar 

xCO2 < 0.10 (mostly as product) 
Sparse data at low pressure, high CO2 

Sparse data at high pressure, low CO2 

Knowledge front 

Limited data available ς Current UCF and Georgia Tech projects 



Kinetic Mechanism 

Chemical Reaction Kinetics 
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Computational Design 

ÅEarly design efforts constrained by high inlet 
temperatures needed to operate in a 
recompression  cycle ~900°C combustor inlet 

ÅRecuperator technology unlikely to be able to 
support those temperature in the near future 

ÅLower inlet temperature allow for easier design 
of submerged aerodynamic components 

ÅAuto-ignition, sudden expansion, trapped vortex 
and swirl type injection explored 
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Schematic of Combustor Design 
Concept 

22 

Å Basis: DLN -1 primary fuel nozzle  

ÅWide operability, stable flame, and extensive experience 

with this design  
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Range of CO2 Flow Splits to Primary Combustor & 
Bypass Cooling 

23 

Component 
Mass Flow 

(kg/s) 

CH4 0.02 

O2 0.08 

CO2 to combustor 0.6 - 0.8 

CO2 to bypass 0.925 ς 0.725 

Total mass flow 1.625 

Aiming for Tadiabatic = 2700-3000 F for 

flame stability 
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