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Motivation and Approach

« NASA's Commercial Supersonic Technology (CST) Project Goals:
— Design a combustor that produces EINOx emissions in the 5-10 range at
Supersonic Cruise conditions
— CST Combustors will operate ‘hot’ for much longer durations (?0-95% of cycle)
than current subsonic combustors. Unique challenges for fuel burn, emissions,
thermal stability of fuels and thermal load management.

« NASA Glenn Research Center's CST Project Focus (Combustion):

Evaluate emissions and performance of arbitrary blends of ‘average’ Jet-A (A2)
and a sustainable fuel like GEVO Alcohol to Jet (C1), as compared to neat Jet-A
fuel (baseline).

« Current Work: CFD analysis of RTRC/P&W Axially Controlled Stoichiometry
(ACS) Combustor atf supersonic cruise flight conditions using the Open
National Combustion Code (OpenNCC)

Assess impacts of sustainable aviation fuel blends on combustor flame characteristics
and gaseous emissions 2




wa  Fuels: Jet-A, GEVO ATJ =DE

« Average Jet-A (A2) evaluated as baseline fuel with OpenNCC for CST conditions
- GEVO AlJ (C1) chosen as sustainable fuel (1% aromatics, 9% iso-paraffins)

« DCN of C1 is much lower than that of A2. Fuel blends with relatively higher % of C1
potentially allow for greater mixing time, fewer local hotspots, better sustainability.
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Impact of arbitrary blending ratios of A2 with low-DCN C1 on flame, emissions| 3
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wwa  Chemical Kinetics for OpenNCC 2=

i Testing of HyChem A2/C1 Skeletal Kinetics with OpenNCC
Kinetics Model cn | A¥YA Lean Direct Injector with Pressure Atomizer

Chemical Formula C-H CiiHo + 8mm 18mm  28mm  38mm  48mm
(Modeled) 131728 C13H28 Injector Tip is at Omm

-

Number of ‘ ' Spray Particle Distribution
Species Yo' &: Ps=15atm, T3=922K, ¢=0.43

NOx Species

Source

[1] H. Wang et. al, Combustion and Flame 193 (2018) 502-519. 2A09003
[2] K. Wang, et. al Combustion and Flame 198 (2018) 477—489. 1950403 x.

0% A2 (Multi Component Spray)

[3] J-W. Park, et. al, https://web.stanford.edu/group/haiwanglab/HyChem/pages/ L 1s0ev03 |

download.html, 2019 _ 1.050+03

M, Lifted Flame in Axial Cross Section
Testing of HyChem A2/C1 Skeletal Kinetics with Cantera

Adiabatic Flame Temperature, K 1780.9 1781.5 1782.3 1782.9 1783.3
Ignition Delay Time, ms 24.9 214 18.6 19.1 224
Flame Speed, cm/s 32.6 32.1 31.7 30.8 30.2

Extensive validation of Kinetics and Multi-Component Spray Model for fuel blends
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OpenNCC Testing for A2/C1 Kinefics
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vasa ACS Combustor CFD with OpenNCC 5%
« RTRC/P&W Axially Conftrolled Stoichiometry (ACS) Combustor
« P3=1.59MPaq, T3=884K, Dp = 3.5%, T4=1780K (Experimental Condition, CST Cruise Point)

- Time-Filtered Navier Stokes, 4-stage Runge-Kutta with dual time-stepping, Finite rate
kinetics, Lagrangian spray-modeling for multi-component fuel blends (80%, 50%, 20% A2)

ACS Combustor CFD Model AS Combu§ t Hardware
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PILOT ; -~ Spray Droplets
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Two-Phase Reacting Flow CFD to predict flame-structure, emissions
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\ , ' , AA, BB: Pilot Centerline
CC 80% A2 50% A2 20% A2 CC: Mains Centerline

Similar reacting flow velocity profiles for Pilot and Main Injectors for all three blends | g




mpact of A2 % on Flame Structure =D
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Temperature profiles and flame structures for all blends are similar to each other
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CFD: Maijority of EICO produced by Main Injectors 4.0
Computed EICO values for all blends are within 15% of computed EICO for 100% A2 10
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Summary and Significance =)A=

- The impacts of blending ‘average’ Jet-A (A2) and a sustainable aviation fuel, Gevo

ATJ (Alcohol-to-Jet or C1) on flame structure and emissions at supersonic cruise
conditions were successfully modeled with the OpenNCC code

« CFD results predicted only small variations in flame characteristics and NOx

emissions for A2/C1 fuel blends ranging from 100% A2 to 20% A2/80% C1 burning in
a next-generation axially-staged combustor operating at a supersonic-cruise
stable-flame condition

- CFD predictions of EINOx for all fuel blends were within 10% of those for 100% Jet-A

fuel, and within 10% of the lower end of the range of measured experimental values

- The current work demonstrated the capability to perform eddy-resolving CFD
simulations including NOx chemistry for arbitrary fuel blends. The fuel blends studied
captured a large range of variation in composition and combustion properties.
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