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Typical directions of  𝑣1 and  𝑣2:
(in terms of [mol/kg])
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Example of an FGM with two chemically 

reactive dimensions. Directions of the 

two slowest reaction groups,  𝑣1 and  𝑣2, 
locally span the 2D manifold.

Range for pressure and enthalpy in the manifold. 

Color indicates the mass fraction of CO in local 

chemical equilibrium.

Combustor: 

CO and NOx

are formed

Focus of this work:

Stators / turbine.

What is the fate of 

CO and NOx here?

NGV passage

NO freezes due to its 

slow time scale

CO is cooled too fast 

and cannot follow the 

local chemical 

equilibrium

FGM generation
 Premixed free propagating stoichiometric 

methane/air flamelets, GRI 3.0, Le = 1.

 Enthalpy and pressure are additional FGM 

dimensions.

 FGM 𝑁𝑟 = 1, total of 3 dimensions

𝑌𝑖 , 𝑇, … = 𝑓 𝑝, ℎ, 𝒴1

 FGM 𝑁𝑟 = 2, total of 4 dimensions

𝑌𝑖 , 𝑇, … = 𝑓 𝑝, ℎ, 𝒴1, 𝒴2

 Tabulated on a curvilinear grid, table retrieval 

done by linear interpolation.

Results
 Comparing FGM with 𝑁𝑟 = 2 to the standard 

FGM (𝑁𝑟 = 1).

 Detailed chemistry (DC) as reference.

 CO and NO mass fractions for NGV, residence time 𝜏 ≈ 0.1 ms.

 Extended FGM predicts CO within ≈ 𝟐% accuracy, standard FGM is off by ≈ 20%.

 CO and NO mass fractions for a nozzle geometry with an increased residence time of 𝜏 ≈ 10.

 CO and NO values at the exhaust, varying the length of the domain, effects of the residence time, 𝜏.

 With increasing residence time exhaust CO and NO are approaching chemical equilibrium.

 FGM with two reactive dimensions yields a very good agreement with detailed chemistry.

Conclusions
 FGM can be extended with additional chemically reactive dimensions.

 The new developed model captures the fate of CO and NO under conditions of Nozzle Guide 

Vanes, characterized by fast time scales of the thermodynamic processes (expansion and cooling).

Introduction
 Flamelet Generated Manifolds (FGM) reduced chemistry model yields accurate representation of 

the conversion of the fuel into the major products.

 Usually, FGM accounts only for one chemically reactive time scale, described by the reaction 

progress variable.

 In this work: improvement of the general accuracy of the FGM by allowing for additional degrees of 

freedom.

 Inclusion of additional chemical processes with different characteristic times scales.

Method
 Extending FGM following the ideas of ILDM1.

 Perform a time scale analysis of chemical 

source term locally in each grid point of the FGM.

 Assumption: chemistry evolution quickly vanishes 

in the directions of the fast reaction groups.

 FGM is extended locally by the directions 

of the slow chemistry.

 Obtained FGM is parametrized by multiple chemically reactive control variables:

𝒴𝑖 = 

𝑗=1

𝑁𝑠

𝛼𝑖𝑗𝑌𝑗 ,
𝜕𝜌𝒴𝑖
𝜕𝑡
+ 𝛻 ⋅ 𝜌𝑢𝒴𝑖 = 𝛻 ⋅

𝜆

Le𝒴𝑖𝑐𝑝
𝛻𝒴𝑖 − 𝜔𝒴𝑖 , 𝑖 = 1. . 𝑁𝑟

𝑁𝑟— number of reactive dimensions

𝒴1— primary reactive control variable (reaction progress variable)

𝒴2, . . , 𝒴𝑁𝑟— secondary reactive control variables (extra chemical degrees of

freedom)

Test case

 Nozzle Guide Vanes (NGV).

 Flow through a decreasing area duct.

 Enthalpy is converted into kinetic energy

𝐴 ↓ 𝑀 ↑ ℎ ↓ 𝑝 ↓

 High velocities. Mach number range 

given by: 0.1 < 𝑀 < 0.98.

 Residence time in the order of: 𝜏 ≈ 0.1 ms.
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