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Green hydrogen (H,) and ammonia (NH;) are emerging as
carbon free alternatives to hydrocarbon fuels [1, 2].

In gas turbines, flames interact with the combustor liner
(wall), which affects the pollutant emissions, the burning
efficiency, and the thermal load on the liner. We lack
understanding of this important flame-wall interaction (FWI)
for alternative fuels.

FWI occurs at the scale of the flame thickness, and such
scales are only resolved by direct numerical simulation.
Here, we resolve the FWI for NH; and H, flames. Preliminary
results of two distinct projects are presented.
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2D laminar case: anchored “V”
NH,/H, flame

3D turbulent case : lab-scale ot
swirling CH,/H, flame (70% H, by vol.) %o o2 os o
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2D simulation domain

| Configurations
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Chemical kinetics model with 21
species and 64 reactions [3]
Effective resolution : 14 ym
(maximum refinement level)
Computational cost : 3-5k cpuh/case ¢
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* Bulk Reynolds number: ~ 20,000.

» Reduced Aramco chemical kinetics model for lean CH,
combustion (24 species and 105 reactions) [4].

« Effective resolution: 4096x4096x4096 (80 um)
»  Only 1024x1024x1024 (300 ym) shown

+ Computational cost: ~ 10M cpuh (500k cpuh so far)
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Solver: PeleLMeX [5], a low-Mach number, reactive flow
solver with embedded boundaries, adaptive mesh refinement
and finite rate chemistry.

Definitions: Equivalence ratio (¢) — fuel to air ratio,
normalized by stoichiometric value; /;— flame thickness;

C — progress variable; Y — mass fraction
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NH,/H, laminar flames

NH; field scaled with 1D flame  N,0 field scaled with 1D flame  NO field scaled with 1D flame
(¢ =03) (¢ =0.3) 03)

* Flame quenching at the 0=
wall allows NH; to leak
and increases N,O
emissions, but reduces
NO emissions.

« Partly due to heat loss to
the wall, which leads to
reduced reaction rates et scatea witn 10 flame

+ Phenomenon amplified o —
(attenuated) in the lean
(rich) case. Attributed to
positive (negative)
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« Consistently, quenching
distance is significantly
larger in the lean case

NO creation rate vs curvature (¢ = 1.2)
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NO creation rate vs curvature (¢ = 0.3)
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« Ultra-lean flame stabilized
by the presence of the 0.008
wall
+ Important CO emissions 00% g
identified =
« Likely caused by mixing 0.004
with ambient air which
reduces local equivalence 0.002
ratio, the latter increasing
0.000

local flame thickness up

toO(1) m

* Experimental planar laser-induced fluorescence (PLIF)
measurements [6] show good agreement with simulation results
(view from opposite side)
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Role of quenching on pollutants | N

| Heat loss (turbulent case) |—
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+ Significant wall heat loss .
identified locally

Leads to non-adiabatic
thermochemical space
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* Quenching and pollutant emissions strongly affected by fuel/air ratio

* Aninclined wall can stabilize very lean turbulent CH,/H, flames, but
prone to large CO emissions

+ Wall heat loss affects flame response to curvature (shown in 2D case)
and leads to non-adiabatic thermochemical space (shown in 3D case).
These effects imply modeling challenges for LES or RANS of turbulent
flame-wall interaction in advanced gas turbine engines
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