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Introduction 
 
 
 
 

CMC using Tabulated Chemistry 

Results 

 

Conclusion 
 

ÅA method allowing for calculating CMC in each CFD grid cell has been developed  

Å Instead of performing a CMC for all species in the chemical reaction mechanism, the 
CMC is made for a progress variable and emissions (e.g. soot) 

ÅAn implementation of the method has been made and tested for a constant volume 
spray bomb setup 

 

The following equation is solved using STAR-CD v. 4.16 and 
user subroutines in an operator-splitting fashion: 
 
                              (1) 
 
 
 
 
 
 
 
 
 
 
 

The convective and diffusive transport is handled by the flow 
solver, while the transport in mixture fraction space is 
handled together with the source term using a άflameletέ 
solver for each cell. The άflameletά solver is called once every 
time step for all cells. 
 In our method the conditionally averaged progress 
variable is chemical enthalpy. We note that we can 
formulate a transport equation for chemical enthalpy (sum 
over the product of species mass fraction and corresponding 
chemical enthalpy). Prior to the CFD calculation a transient 
flamelet database is built solving eq. (2). 
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During the calculation the progress variable source term is 
retrieved from the flamelet database as a function of 
pressure, enthalpy, scalar dissipation rate, mixture fraction, 
and the progress variable itself. 
 

 
 
 
 
 
 
 
Figure 1. Flamelet temperature at 0.08 ms, 0.2 ms and 2 ms computed with a constant pressure reactor 
table (green lines) and with a transient flamelet table (blue lines), and with on-line chemistry (red lines) at a 
pressure of 8 MPa, oxidizer side temperature of 1060 K, fuel side temperature of 298 K, and a scalar 
dissipation rate at stoichiometric mixture fraction of 10 s-1. (From Ref. [4]) 

 

CFD Combustion Modeling with  
Conditional Moment Closure using Tabulated Chemistry 
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Incorporating chemistry and accounting for turbulence-
chemistry interactions in Computational Fluid Dynamics (CFD) 
calculations is challenging.  A fundamental problem is the 
closure of the chemical source term. 
 
 
 

 In order to account for turbulence fluctuations methods 
based on a presumed pdf (e.g. flamelets [1] and conditional 
moment closure [2]) have been proposed. Typically, when 
simulating non-premixed combustion using the interactive 
flamelet approach, only a few flamelets are solved ς and 
when applying the CMC model, the CMC grid is different from 
the CFD grid due to efficiency considerations. 

 Here we present a method based on tabulated chemistry 
for CMC of a progress variable. The method allows for 
performing the CMC on the same grid as used by the CFD 
solver. This is possible as only the conditional averages of the 
combustion progress variable need to be transported ς 
without chemistry tabulation conditional averages of all 
species need to be transported. 
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Time 
 

0.6 ms 

1.0 ms 

3.0 ms 

6.0 ms 

Mixture fraction [-]                     Mixture fraction variance [:]         Temperature [K]                     Soot moment M1 [mol/kg]      Mass fraction C3H7CHO [-]     Mass fraction C7H15O2 [-] 

The Sandia constant volume spray bomb at 12 % O2 and a 
density of 14.8 kg/m3  and temperature of 1000 K constitute 
the basis for our test calculation. N-heptane is injected at a 
constant flow rate for approximately 7 ms through a 0.1 mm 
nozzle. The vessel is a cube with a edge length of 108 mm.  
 

 In our simulation we employ sector symmetry for a 
108x54 mm x 6  grid using 5832 cells. The cell size close to 
the injector is  ~0.55 mm. Turbulence is modeled using the 
standard k-�H��model with its default constants. The spray sub-
models consist of an effective nozzle model, the Reitz 
atomization model, and the Pilch break-up model.  

 The soot particle size distribution is calculated by 
transporting the conditional averages of the two first 
moments of the PSDF. The chemical contribution to the soot 
moment source terms is retrieved from the same table as the 
progress variable source term.��
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