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Context overview

o Global context : heat transport modelling in gas-
particle turbulent flows.

e Objectives :

— Measurement of turbulent statistics along fluid element
paths in homogenous isotropic forced dynamic
turbulence with a linear temperature gradient ;

— Evaluation of Lagrangian stochastic approach from
measured Lagrangian correlation functions and moment
transport equations.



Flow configuration

~ <f>
e DNS - 3D periodic box - Vs
1283 mesh ; N\
e Stationary Homogeneous > X
Isotropic Turbulence Flow configuration

(Eswaran and Pope, 1988) ;




Configuration parameters

The Navier-Stokes and . ;
temperature fluctuations Sl 128
equations are solved. Box size L | 0128 m
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Reynolds number Re; 61
Spatial resolution : Prandtl Number Pr | 0.3/0.7/1
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Time resolution : Integral scale L sl el
second order Runge Kutta [ Kolmogorov microscale n | 6.5110%m

method.



Results : Stationary thermal field
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Results : Thermal statistics (Pr=0.7)

Rg(r)=<6}v(x,t)6}f(x+rei,t)> — lng RE \(r)dr

Thermal Integral scale ng 1.35102m
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Dynamic Eulerian timescale TE 0.20 ) 113
I3 A 1=3




Results :Lagrangian statistics

Interpolation of Eulerian predictions on 100 000 fluid element trajectories
—» Shape Functions Method (Maxey, 1989)

Lagrangian temperature autocorrelation functions

R (7)=(6r (x(1),1)6 (x(t+7),t+7)




Results :Lagrangian statistics

Normalized Lagrangian Normalized Lagrangian velocity-
temperature autocorrelations temperature cross-correlations
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— Pr=0.3




Lagrangian stochastic model

Pdf modelling requires closure model for Lagrangian fluid quantities

The Langevin model approach for both velocity and temperature
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Lagrangian stochastic model
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Lagrangian stochastic model




Lagrangian stochastic model

Validation of the Langevin model from the moment transport equation

— Derived from the fluid pdf Boltzman equation

0 d
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Moments equations

By integrating the pdf transport equation, moment equations are written,
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Moments equations

By integrating the pdf transport equation, moment equations are written,
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- By comparing the moment equation of the variance with the averaged equation,




Moments equations

By integrating the pdf transport equation, moment equations are written,

< > 2<v 9f>;/——<9f >+B2 a<vgt9}>:—<v§>y—(ﬁ+;9)<vfe];>

- By comparing the moment equation of the variance with the averaged equation,




Moments equations

By integrating the pdf transport equation, moment equations are written,
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- By comparing the moment equation of the variance with the averaged equation,




Moments equations

By integrating the pdf transport equation, moment equations are written,
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- By comparing the moment equation of the variance with the averaged equation,




Thermal dispersion Coefficient (Pr=0.7)

Assuming a gradient
approximation :

<v 0, >=—D§ ¥

The thermal dispersion coefficient
can be measured from the DNS

- <Vf9f>

results :

DéDNS Dét?Stoc
TL<V§> (m?/s) | Stochastic
model
Re;
390 5.110% | 5.8710* | 4.29 10+




Conclusion

e Direct Numerical Simulations are used to characterize
velocity and temperature Lagrangian statistics in non-
isothermal turbulent flows.

e The velocity scalar stochastic model is evaluated from
Lagrangian auto-correlation functions.




Outlook

e Testing of alternative stochastic model in order to
improve the turbulent flux prediction

e Tracking of discrete solid particles suspended in
homogeneous isotropic forced dynamic turbulence




