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Outline:

• Introduction: net zero fuels

• Numerical model

• Validation through experiments

• Conclusions
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Moving towards net zero

The UK government is committed to reducing the UK’s net emissions 

of greenhouse gases to zero by 2050.

How can research help?

• through driving innovation in renewable energy.

• by creating new technologies to remove greenhouse gases from the atmosphere.

Ammonia - as alternative fuel for engine and gas turbines

Pros: 

• Easy to produce from renewable sources of Nitrogen and Hydrogen.

• High energy density (382.6 kJ/mol compared to 286 kJ/mol for hydrogen).

• Only small changes in production, transport and distribution facilities needed.

Cons:

• Production of NOx emissions

• Low reactivity causing unreliable ignition 

and unstable combustion
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Improving combustion

Combustion of aerosol clouds (i.e. clouds of fuel droplets) shows a periodic

enhancement of flame propagation speed (at least for hydrocarbon fuels).
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The flame acceleration/deceleration process is not fully understood, 

and it is not known whether the same applies with ammonia.
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Physical model needs to describe:

• Multi-phase medium: liquid droplets, hot gaseous flame

• Multi-scales: droplet size 10μm, flame thickness 1mm, flame size 10cm

• Multiphysics: droplet evaporation and flame propagation.
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Applying tools from astrophysics

The numerical astrophysics code (MG) has included the techniques we need previously: 

1. Adaptive-mesh refinement to cover large range of scales.

2. Advection-diffusion equation to model combustion.

3. Lagrangian particles for the droplets

4. Subgrid turbulence model 

5. Dynamical drag relation

6. Empirical thermodynamic evaporation
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Impact of MG in industrial applications

- Carbon capture and storage; 

simulation of high pressure, 

dense phase, CO2 pipelines

- Cryogenic machining with CO2

- Explosives modelling for 

control of chemical processes

- National Grid, British Gas, 

HSE, HSL, BOC, DNV GL, 

Seco, Forgemasters, DNV GL, 

AWE, Bondalti, INNOVNANO 

Impact of people

- Knowledge and skills transfer: MScs, PhDs, Post-Docs.

- Of the three projects above, one came about through job destination of MSc.
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Combustion model according to Catlin et al. 1995

• Combustion uses progress variable with c= 1 if fuel is burnt and c=0 

when unburnt

and the reaction included as: .

• Some modification in total energy to reflect energy release

with: . 

Thermodynamics
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• Evolution of particles:

• Viscous drag in low Reynolds regime accounted for by relaxation time:

• Particle evaporation models:

1. Simple temperature difference model (Greenberg 2003):

3. More complex thermodynamics:
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Current progress

Testing phase of the numerical code: combustion and droplet physics

Droplet 

drag

Flame structure

Reaction zone

Preheat zone

Droplet 

evaporation
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Experimental work

Isooctane experimental data available for validation

Leeds MKII fan-stirred bomb (Bradley lab)

Schematic of the high-speed two-color PIV
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Experimental work

Initial condition from experimental measurement…
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Bradley et al. 2014, Combustion and Flame, 161, 1620-1632
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Full thermodynamic properties from software

Vapor at dew point with coexisting liquid from thermodynamic software e.g. REFPROP10

We also use GASEQ, CHEMKIN
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Iso-octane initial condition

Vapor – stoichiometric (100% burn) air/isooctane mixture

- 272 K, 0.089 MPa (~0.88 atm.)

- Gamma, Cp/Cv = 1.360

- Unburnt density 1.2067 kg/m3, burnt density 0.136 kg/m3

- Specific heat capacity, Cp 248.15 cal/kg/K

- Kinematic viscosity 1.43366x10-5 m2/s

- Prandtl number, Pr 0.825576

Derive the necessary remaining properties – dynamic viscosity, thermal conductivity…

Particles

- 272 K, at saturation pressure of 0.095603 MPa

- density of 0.71225 kg/m3

- Latent heat of vaporisation 484.66 J/g
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Promising preliminary results
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Comparison of flame speed - with and without particles

Speed - no particles
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Speed - extended sat data

Particles appear to cause the 

flame speed to periodically 

accelerate/decelerate!
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Future Work

- Application to ammonia

- Validation through ammonia experimental data

- Inclusion of chemistry to deal with NOx emission

Conclusions

- Use of existing techniques applied to a ‘new’ field: thinking out-of-the-box

- Contribution to fundamental research towards net-zero.

- Deliver numerical code that can be used to model more realistic situations


