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Turbulent Mixing |t|/

A Combustiorrequiresmixingat the molecularlevel
A Turbulence convectivetransportry A molecularmixingry
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CourseOverview |t|l
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Characteristics of Turbulent Flows
A Statistical Description of Turbulent Flow
A Reynoldslecomposition
A Turbulence A Favredecomposition
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A TurbulentNon-Premixed Mearrflow Equations

Combustion Reynolds Stredsquations
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Modelling TurbulentCombustion Turbulence Models

A Applications Scales of Turbulent Flows/Energy Casc
Kolmogorov Hypotheses
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Characteristics of TurbulerfElows

Transitionto turbulence
A Fromobservations laminarflow becomes
turbulent
- CharacteristitengthR
- How velocityury
= ViscosityA\@

Re < Rey:, laminar

A Dimensionlessiumber. Reynolds©iumberRe
Re = u_d

v
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Re > Rey,:, turbulent




Characteristicef TurbulentFlows It II

u = u; +u
Characteristicef turbulent flows: 54 N~ p QQEU,’-Q A
A Random |
A 3D
A HasVorticity
A LargeRe
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Statistical Description of Turbulent Flows ltll

ConventionaAveragingReynoldsDecomposition
A Averaging
- Ensembleaverage

N
ui(x,y,z, t) = — Z (x,y,z,t), i=1273
k:
- Timeaverage | Nandnt
sufficientlylarge
#f(t) tL At
/—/h 1
ui(x,y,z) = N ] ui(x,y,z, t)ydt, i=1,23

t

A Forconstantdensityflows:
- Reynoldglecomposition meanand fluctuation, e.g.for the flow velocityu,
up = u; + uf
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ReynoldsZerlegung |t|/

A Meanof the fluctuationis zero(appliesfor all quantities

A Meanof squaredfluctuation differs from zera

uul =\ uf =\ o + w7 £0, (PR A0,

A Theseaveragesare namedRMSvalues(root meansquare




Favreaveragingdensityweightedaveraging Itv

Combustionchangen densityA correlation of densityand other quantities
A Reynoldslecomposition(for * 1 const) \

pui = (p+ p') (Ui + uj) =pui + o'y
A Favreaveraging

ui=u+u', i=1,273

[HBydefinition: meanof densityweightedfluctuationA 0

(7=)

b Densityweightedmeanvelocity \

— - ~ pu;
pu; = p(uj + ul’") = pu; + pu? @[u,-: ’J




Favreaveragel conventionalaverage It II

A Favreaverageasa function of conventionalmeanand fluctuation

~ pu  (pp)uitu) Py

uy — — —

— i i=1,273
p p p

andfor the fluctuatingquantity

b Fornon-constantdensity. Favreaveragdeadsto muchsimplerexpression
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A TurbulentNon-Premixed Mearrflow Equations

Combustion Reynolds Stredsquations

X | _ k-Equation
Modelling TurbulentCombustion Turbulence Models

A Applications Scales of Turbulent Flows/Energy Casc
Kolmogorov Hypotheses

Scalar Transport Equations

To Io Do o To Po Io o

Large Eddy Simulation

_



Typesof Turbulence

StatisticallyHomogeneoudurbulence

A All statisticsof fluctuatingquantitiesare invariant
undertranslationof the coordinatesystem

bfor averagediuctuatingquantitiesu; u
(moregenerally ! Uity ... ) applies

i

ui(xk)ui(xk) = uj(xic + Axi)ui(xe + Axi),  i,j,k=1,2,3

A Constantgradientsof the meanvelocity
are permitted:

IR0 o AT Mehs
[P \"Q\r(%
o0 0 _ _ Scaladissipationrate in

8—Ui(Xk) = —Ui(xk + Axx), i,k 1=1,23 statistically
Xl X homogeneousurbulent
flow
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StatisticallyisotropicTurbulence

A All statisticsare invariantunder
translation rotation andreflection
of the coordinatesystem

12 02 2 7o - . .
up" =uy =y, wup=0 fur i#

A Meanvelocities= 0

A Isotropyrequireshomogeneity
A Relevancef this flow case

- Simplificationsallow theoreticalconclusions
aboutturbulence DN Sof statisticallyhomogeneousandisotropic
_ ] turbulence x;-componentof the velocity
- Turbulentmotionson smallscalesare typically
assumedo beisotropic(Kolmogorowhypothese$
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TurbulentShear-low

A Relevanflow casedn technicalsystems
- Roundjet
- Flowaroundairfoill
- Flowsin combustionchamber

A Dueto the complexityof theseturbulent flows they
cannotbe describedheoretically
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Quelle: wwwah.wbmt.tudelft.nl

a ¢ S Y LI2wlvirigdh@arlayerd Scaladissipationrate . (left), mixture fraction Z (rechts) Turbulentjet: magnitudeof
vorticity
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Example DNSf HomogeneousShearTurbulence Itll

Scaladissipationrate inhomogeneoushearturbulence

) : Closeup/ detail
2048x2048x2048ollocationpoints
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