
Implementation of the Dynamically 

Thickened Flame LES Model for 

Premixed and Non-Premixed Turbulent 

Combustion in OpenFOAM

Hafiz Ali Haider Sehole

Aalto University

22 January 2025



Contents 

• Introduction

• Turbulent Combustion 

• Solution

• Theory

• Governing Equation

• TCI Models 

• PaSR Implementation in OpenFOAM

• DTF Implementation 

• Results and Tutorial



Introduction
Turbulent Combustion



Introduction | Turbulent Combustion 

• Turbulence

• Chemical Kinetics

• Solution 

• Sub-grid Turbulence Models
• WALE, K-Equation

• Sub-grid Combustion Models 
• PaSR, EDC

• OpenFOAM Implementations

*images related to energy cascade and spectrum are taken from wolfdynamcis presentation



Theory
Governing Equation

• Diffusion

• Reaction Rate's 



Governing Equation
• Species Transport Equation

• Diffusive Flux 

• Reaction Rate’s 

Mass diffusion
Thermal (Soret) diffusion Mass diffusion

, 𝐷𝑖 ∝ 𝐷,

Thermal diffusionUnity Lewis Eddy Diffusivity

is  reaction rate source term

𝜆 = Conductivity

 𝜌 =  density

   = Heat Capacity𝑐𝑝



Laminar (no TCI)

• Assumption 

• Perfectly mixed reactor 

• no sub-grid turbulence-chemistry

• Direct use of Reaction Rates



Partially Stirred Reactor (PaSR)

Where,

𝝉𝒌 is defined as

𝝉𝒄 is defined as

𝜅 is reacting volume fraction

𝜏𝑐 is chemical time scale

𝜏𝑘 is mixing time scale

𝑐𝑡𝑜𝑡 is total sum of species concentration

𝑛𝑅 is number of reactions

𝑁𝑠 is number of species
𝑣𝑖,𝑗 is the stoichiometric co-efficient

𝑘𝑓,𝑗is the forwards reaction rate

If the value of 𝜅 is very small, 

almost zero, then it will take 1, 

otherwise, it calculate the 𝜅.



Dynamic Thickened Flame (DTF)

1. Flame Sensor Ω (S)

• Track the flame  

2. Thickening Factor (F)

• The thickening factor makes flame thicker

3. Efficiency Function (E) 

• Adjustment to the thickening Factor, to consider unresolved flame on the grid



Dynamic Thickened Flame (DTF)

Hyperbolic Tangent

Maximum Heat Release

Heat Release

1. Flame Sensor



Dynamic Thickened Flame (DTF)

Thermal Diffusivity

𝜆 = Conductivity

 𝜌 =  density

   = Heat Capacity𝑐𝑝

D = Thermal Diffusivity

R   = Reaction Rate

Premixed Laminar Flame Speed

Laminar Flame Thickness

Thickening Factor (F)

2. Thickening Factor



Dynamic Thickened Flame (DTF)

Turbulent Flame Thickness

Wrinkling Factor

Stretch Function

3. Efficiency Function



PaSR Implementation
OpenFOAM



Partially Stirred Reactor (PaSR)

PaSR:correct()

Ptr_

Ptr_Ptr_

PaSR::R(volScalarField& Y)

PaSR::Qdot()

Laminar::correct()



Partially Stirred Reactor (PaSR)

Laminar Correct



Partially Stirred Reactor (PaSR)



DTF Implementation



Dynamic Thickened Flame (DTF)

DTF:correct()

DTF::R(volScalarField& Y)

Laminar::correct()

DTF::Qdot()

Ptr_

Ptr_

Ptr_Ptr_

flameSpeed() (SL deltaL)



Dynamic Thickened Flame (DTF)



DTF: Flame Sensor

Filter

Foam::mag

Flame Sensor , value = 0.99



DTF: flameSpeed() (1 of 5)

Loop over number of reactions

Loop over number of species

Pointer to , calculateRR
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DTF: flameSpeed() (2 of 5)
flameSensor

User inputs

Flame Sensor , lowerLimit_ = 0.99
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DTF: flameSpeed() (3 of 5)
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DTF: flameSpeed() (4 of 5)
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User inputs

Flame Sensor , lowerLimit_ = 0.99



DTF: flameSpeed() (5 of 5)
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DTF: Flame Thickness (F)

S



DTF: Efficiency Function (E)



DTF: thermoPhysicalTransport



DTF Tutorial



Tutorial

• Case 01: AHEAD Premixed Burner

• Chapter 05; Results → Validation

• Case 02: Test Case

• Appendix B; Contain all the files require to run a test case 



Geometric Model 

Dilution Holes

Swirl generator

Fuel Injection

Fuel

Air

Flow Conditions;

Bulk Velocity = 75 m/s

Reynolds Number = 75000

Swirl Number  = 0.8 



Case Setup
• PaSR

 constant/combustionProperties

• DTF
constant/combustionProperties



Case Setup
• PaSR

 constant/thermophysicalTransport

• DTF
constant/thermophysicalTransport

system/controlDict



Results

Animation

https://www.dropbox.com/scl/fi/95wmkccbjbsjykbqw2gnq/first.avi?rlkey=rn7sgklqd9mff7axq70qhbmwx&st=rrf8ysev&dl=0


Results



Work in-progress

Flame L

HYLON

Jet-in-Cross Flow



Thank you
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