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Air Force Referee Combustor

Esclapez et.al., Comb. Flame 181 (2017) pp. 82-99.

US Air Force Research Laboratory 
(AFRL) Referee Combustor

Used for fuel-testing of for aero-engines.

Contains a complex swirler, effusion wall 
cooling holes and dilution holes. 
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Referee Combustor geometry

Fuel injector

Rad. swirler

Inner ax. swirler

Outer ax. swirler

Cooling
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Cold flow: separate swirlers paths

Exp.† CFD

Outer axial 0.801 [kg/min]

Inner axial 0.605 [kg/min]

Radial 0.456 [kg/min]

Cooling 0.091 [kg/min]

TOTAL 1.953 [kg/min]

†Erdmann et.al., Proc. ASME Turbo Expo 2017 (GT2017-65252).
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LBO measurements

Start at baseline Φ

▪ Drop Φ by 0.002

▪ Hold for 0.025 s

▪ Continue until LBO
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• Cold flow simulations

• Hot flow preparation simulations

• Hot flow LBO simulations (in progress)

CFD simulations
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Geometry modifications:

1. Removal of effusion/dilution flow paths.

2. Removal of effusion/dilution holes in combustor liner.

3. Elongation of outlet section.

Cold flow: swirlers paths only [1]
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Cold flow: separate swirlers paths

Exp.† CFD

Outer axial 0.801 [kg/min] 0.843 [kg/min]

Inner axial 0.605 [kg/min] 0.661 [kg/min]

Radial 0.456 [kg/min] 0.466 [kg/min]

Cooling 0.091 [kg/min] 0.076 [kg/min]

TOTAL 1.953 [kg/min] 2.046 [kg/min]

†Erdmann et.al., Proc. ASME Turbo Expo 2017 (GT2017-65252).
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†Erdmann et.al., Proc. ASME Turbo Expo 2017 (GT2017-65252).

Exp.† CFD 

Outer axial 0.903 [kg/min]

Inner axial 0.661 [kg/min]

Radial 0.424 [kg/min]

Cooling 0.077 [kg/min]

TOTAL 1.908 [kg/min] 2.065 [kg/min]

Cold flow: all swirlers paths open
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Hot flow preparation simulations

Objective: assess vaporization and combustion behavior of A2 (below) and C1 fuel models.
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Hot flow preparation simulations [2]

A2 skeletal C1 skeletal C1 detailed

Number of species 41 42 119

Number of elem. reactions 202 286 841

Wall clock time GGPR 36.0 hr @ 16 CPU’s 36.7 hr @ 16 CPU’s 114.2 hr @ 16 CPU’s

Wall clock time table gen. 4.1 hr @ 12 CPU’s 4.4 hr @ 12 CPU’s 3.0 hr @ 12 CPU’s

Wall clock time TABKIN 15.4 hr @ 16 CPU’s 15.9 hr @ 16 CPU’s 16.6 hr @ 16 CPU’s

Speed-up TABKIN 2.34 2.31 6.88
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Full geometry: mesh for LBO simulation

0.675 mm

1.125 mm 0.275 mm

BL: 2 layer, 0.2–0.4 mm, ratio 1.5

1.125 mm

1.75 mm

2.5 mm
0.675 mm
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LBO simulations: CFD set-up [1]

ARL combustor mesh: 15Mcells, refined in combustion zone.

Reaction mechanisms: HyChem A2 skeletal, HyChem C1 skeletal, tabulated by AVL TABKIN™.

Liquid properties: prescribed by ARL. ρLIQ and σSURF are different. 

Vapor properties: JANAF polynomials. μ, κ and D from Lennard-Jones data.

Initial conditions: 394.0 K, 204.083 kPa, air (Y[O2] = 0.233, Y[N2] = 0.767).

Boundary conditions: 

• Inlet: 394.0 K, air (Y[O2] = 0.233, Y[N2] = 0.767), ramp-up function mass flow (next slide).

• Fuel injection: 322.0 K, droplet size 25 μm, spray cone angle 90°, φGLOB = f(t) (next slide).

• Outlet: 204.083 kPa.

• Walls: adiabatic.

Turbulence modelling: LES-CSM turbulence model, hybrid wall functions.

Numerics: time step 2.0 μs, 2nd order accurate discretization in space and time. Run on 256 cores.
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LBO simulations: LBO set-up [2]

Today
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LBO simulations: velocity

Velocity field

ARL-HotFlow-Velocity.mpg
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LBO simulation: temperature

Temperature field

ARL-HotFlow-Temperature.mpg.mpg
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Summary

• Investigation of Lean Blow-Out (LBO) behavior for 2 jet fuels

• US Air Force Research Laboratory (AFRL) Referee Combustor experiments

• Flow split under cold conditions successfully computed with the AVL FIRE™ 
CFD code

• Hot flow preparation simulations show differences in fuel evaporation and 
combustion

• Use of tabulated chemistry (AVL TABKIN™) allows a speed-up of ~2.5x

• LBO simulations ongoing, est. runtime of ~7 weeks on 256 CPU cores

Outlook

• LBO simulations to be continued into 2020 and validated with experimental 
data

• Effect of mono-disperse vs. poly-disperse droplet size distribution to be 
investigated

Summary and outlook
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