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Context
• Interest in employing e-fuels (ammonia and hydrogen among others) 
• GT historically developed for hydrocarbons

Present approach
• Adapting the fuel composition and equivalence ratio to existing systems
• Investigate the process with Large Eddy Simulations

Presentation outline
• Determine the fuel composition and equivalence ratio
• Kinetic modelling of NH3/H2/air combustion
• Burner configuration
• Results: effects of pressure, heat loss

NH3, H2

• Need to evaluate efficiency and pollutant emissions
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NO

NH3

Limit emissions
• NO/NH3 emissions trade-off
• E.g. pure NH3/air

https://cantera.org/

 [102 ppmv]XNOX
 [103 ppmv]XNH3

Fuel composition and equivalence ratio

Adapt the fuel flammability to existing systems
• H2/air: high flame speed
• NH3/air: low flame speed

Flame speed [cm.s-1] [1]

[1] Zhang et al. (2017). Combustion and Flame, 182, 122-141.

H2/air

NH3/air
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Fuel composition and equivalence ratio

• Emissions trade-off 
• Flammability of methane/air combustion at  [1] ϕ = 0.83

Flame speed [cm.s-1] Flame thickness [mm] Adiabatic temperature [K]

NH3/H2/air combustion can approach CH4/air 
lean mixture basic flame characteristics while 

minimising emissions

Fuel (molar) [-] CH4:1 NH3:0.54/H2:0.46

[-] 0.83 1.5

Flame speed [cm.s-1] 29.54 26.24

Flame thickness [micron] 504 797

Adiabatic temperature [K] 2044 1942

ϕ

[1] Bénard et al. (2019). Proceedings of the Combustion Institute, 37(4), 5233-5243.



5

Kinetic modelling of NH3/H2/air combustion 

Large results variations are observed between available mechanisms ( )XFuel
H2

= 0.5

Need mechanism assessment (1atm)

• IDT assessment (also made for  and 0.70) [1]XFuel
H2

= 0.05

NO

NH3

[1] Chen et al. (2021). Fuel, 287, 119563. 



Kinetic modelling of NH3/H2/air combustion 

[1] Han et al. (2019). Combustion and Flame, 206, 214-226.
[2] Wang et al. (2020). Combustion and Flame, 221.
[3] Gotama et al. (2022). Combustion and Flame, 236, 111753. 
[4] Lhuillier et al. (2020). Fuel, 263. 
[5] Kumar et al. (2013). Fuel, 108, 166-176.

[6] Ichikawa et al. (2015). International journal of hydrogen energy, 40(30), 9570-9578. 
[7] Li et al. (2014). International journal of energy research, 38(9), 1214-1223. 
[8] Lee et al. (2010). International journal of hydrogen energy, 35(3), 1054-1064.
[9] Lee et al. (2010). International journal of hydrogen Energy, 35(20), 11332-11341.

IDT So
L,XFuel

H2

(·102) So
L,� (·102)

ucsd 1.84 6.43 4.34
miller 16.2 13.1 9.83
stagni 2.30 4.78 2.30
gotama 4.32 1.55 2.99
otomo 1.88 1.85 5.71
song 1.88 1.37 4.13
han 4.67 1.65 2.82
nakamura 1.66 3.88 2.34
mei2019 1.21 2.56 3.83
mei2021 4.29 0.775 3.40
zhang 0.893 7.64 4.88
mathieu 1.67 4.53 6.20
okafor 1.45 2.93 8.05
tian 2.56 3.00 5.74
shrestha 2.30 3.05 3.24
glarborg 0.764 30.2 14.1

Table 1: Error functions (see eq. 1) of mechanisms against
experiments of ignition delay time IDT (Chen et al. [20]) and
flame speed SL with fixed XFuel

H2
(Han et al. [22], Wang et

al. [23] and Gotama et al. [24]) and with fixed � (Lhuillier et
al. [25], Kumar et al. [26], Ichikawa et al. [27], Li et al. [28]
and Lee et al. [29, 30]). The 3 best mechanisms of each
category are highlighted. Mechanisms are ranked by size
(smaller on top). preciser que les expe des colonnes 2 et 3

pourraient être réparties autrement, qu’une étude pour

un cas précis verrait un maximum de point utilisés sur

un de ces tests.

5 Results on Large Eddy Simulations of a

gas turbine burner

Series of LES were realized with three different
mechanisms. Okafor, Stagni and Zhang mechanisms
were selected based on the 1D analysis in fig. ??,
as they offer broad discrepancies on the prediction
of pollutants formation. Besides, Zhang and Okafor
were previously employed in works on NH3/H2/air
simulation [] find ref. Effect of discrepancies be-
tween these kinetic models on LES were never dis-
cussed yet. Fig. 5 displays NOX and NH3 emissions
as a function of � around the optimal equivalence ra-
tio for the three mechanism. It is found that the posi-
tions of the points with equal pollutants emissions are
consistent with the 1D analysis (see fig. ??). Still, the
precise equivalence ratios are shifted by approx check

and total emission augmented by approx check.

Table 2: Main pollutants emissions at the optimal equiv-
alence ratio for three different kinetic mechanisms, with
XFuel

H2
= 0.46. * A reduced version of Zhang mechanism

was employed in LES.
Okafor Stagni Zhang*

� [-] 1.27 1.35 1.46
XNOX [ppmv] 480 399 316
XNH3 [ppmv] 409 377 295

6 Conclusion

this comparison, to shred some light on the possi-
ble discrepancies obtained for various mechanisms
and the necessity for further work on NH3/H2 kinet-
ics modelling in order to obtain reliable mechs as for
methane. It took extensive experimental work to con-
verge towards well established CH4 mechanisms such
as GRI, a similar work was not conducted yet and is
needed for NH3.
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Adapt experiments subset to studied conditions
6

Need mechanism assessment and identification of discrepancies sources

• IDT assessment (also made for  and 0.70) 

• Flame speed assessment (made w.r.t for  and ) [1-9]
XFuel

H2
= 0.05

XFuel
H2

ϕ
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Burner configuration

• NH3/H2 combustion is not mature (TRL 3) [1]
• Small scale academic burner configuration [2-3]

• YALES2 code [5] 
• Unstructured meshes
• Variable density solver, low Mach equations solved 

with projection method
• Space integration: 4th order centered 
• Time integration: 4th order 
• CVODE stiff integrator of kinetics 
• Complex mixture-average transport properties 
• Turbulence SGS with dynamic Smagorinsky 
• Combustion/turbulence SGS with TFLES and Charlette 

Modelling

PRECCINSTA burner

inlet

plenum swirler

bluff-body

chamber

exhaust

86 mm

86 mm

110 mm

• Reference methane case [4] (P = 1atm,  = 0.83)
• Extensively studied configuration
• Fully premixed, bluff-body, swirler

ϕ
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[1] Hayakawa et al. (2017). International Journal of Hydrogen Energy, 42(19), 14010-14018.

• Above regulations limits
• Under limits with 95% efficient Selective Catalytic Reduction (SCR): ammonia already present in right 

proportions

NH3

NOX

Emissions

• Sharp increase on both side of trade-off
• Consistent with 1D analysis and experiments [1]

• Compared to 1D flames predictions:
• 1D flames: 80 ppmv at 
• LES: 300 ppmv at 

ϕ = 1.50
ϕ = 1.46

HRR NOX



 Efficiency

• High H2 emission, low combustion efficiency (also in pure NH3 flames)
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[1] Bioche et al. (2021). International Journal of Hydrogen Energy, 0360-3199

H2

CE

NH3 H2

• NH3 and H2 are both consumed all along the flame
• Ammonia is dissociated into H2



Effect of pressure

• P = 1 atm -> 5 atm [1]
• Optimal emissions E.R shifted towards the lean side
• Emissions at optimum 450  ppmv -> 100 ppmv

• Consistent with previous works [2-3]
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NH3
NOX

NOX

NH3

• H2 emissions not much impacted by the pressure 
• ~ same CE at given E.R
• Higher CE at optimal E.R with high pressure

CE @ 1atm

CE @ 5atm

H2 @ 5atm
H2 @ 1atm



Effect of pressure

• Enhanced HHR with pressure
• Length reduction
• Less flame/wall interactions
• Stronger flame anchoring M-shape

11

1 atm 5 atm

• Pressure increase has a positive impact on:
• Emissions
• Efficiency
• Stability



Effect of heat loss: At P = 1 atm

• Extreme BC are tested: Adiabatic and isothermal T=300K
• NOX emissions reduced by a factor ∼20 with heat loss

12

Adiab T300 Adiab T300 Adiab T300

• Cold recirculation zone yields V-shaped flame



Adiab T300

P = 1 atm, , < 1ppmvϕ = 1.46

Effect of heat loss
• N2O powerful greenhouse gas
• No emissions in rich conditions, but cold walls favour its transport

P = 5 atm, , , < 1ppmvϕ = 1.20

Adiab T300

• Less wall/flame interactions at high pressure

P = 1 atm, 
~600ppmv

ϕ = 0.70

T300

• High emission in lean case with cold walls

13



Perspectives

•Identify discrepancies origins of kinetics modelling

•2-stage combustion for efficiency

•Flameless combustion 
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Conclusions

•NH3/H2 blends can give some properties close that of lean methane

•The community’s understanding of NH3/H2  kinetic modelling is under progress

•We obtain emissions about 500 mg.Nm-3 at 15 vol-%O2  from single stage combustion at 1 atm

•Pressure increase to 5 atm reduced emissions, increased stability and efficiency

•Heat loss have a strong effect on emissions



15

Effect of heat loss

• N2O is mainly consumed via thermal decomposition and reactions with hydrogen (H) radicals 

Work under review

P = 1 atm, 
N2O < 1 ppmv

ϕ = 1.46
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Effect of heat loss

• N2O is mainly consumed via thermal decomposition and reactions with hydrogen (H) radicals 
P = 1 atm, 

N2O = 600 ppmv
ϕ = 0.70

Work under review
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Results (LES)

RED-M9 RED-M15RED-M5

Iso-contour of the progress variable

• Zhang kinetic mechanism [1]
• Mesh refinement impacts the flame surface wrinkling resolution / not final emissions

[1] Zhang et al. (2017). Combustion and Flame, 182, 122-141.

(a) (b) (c) (d) (e)

• Large CRZ and smaller ORZ 
• Internal envelop attached (stabilizing effect) 
• Hot burnt gas central recirculation zone, M-shape 

UX T


