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Part IlI: Turbulent Combustion

A Turbulence
A TurbulentPremixed Combustion

A TurbulentNon-Premixed > A LaminarJet Diffusion Flames
Combustion A Turbulent Jet Diffusioflames

A Modelling TurbulentCombustion
A Applications



Laminar Jet Diffusion Flames
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Round Laminar Diffusion Flame Itv

A Fuelenters into the combustion
chamber as aound jet

A Forming mixture is ignited

A Example: Flame of a gas lighter
- Onlystableif dimensions are small

- Dimensions too largétickering due to
influence of gravity

- LYONBIlIaAy3da 0KS 2Sid Y2YS
of the relative importance of gravity (buoyancy)
In favor of momentum forces

- At high velocities, hydrodynamic instabilities
gain increasing importance
laminarturbulent transition




Laminar Diffusion Fame: Influence of Gravity ltv




Round Laminar Diffusion Flame Itv

A Starting point: Conservation equations for
stationary axisymmetric boundary
layer flow without buoyancy

A Continuity:
Npuzr)  O(pucr)
Oz + or 0 flame
length L
A Momentum equation ire-direction
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Round Laminar Diffusion Flame

Ity

Schmidt numbeBbc=>/" 5

Farfield area

- rb kuy=u.=0

- Fromz-momentum equatiord dp/dz=0
A Boundary layer flow

To T

0
% + % — _ 9 + 2 du;
pUzr 0z purf ar raz or e or

A Incompressible round jet
- Quiescent ambient
- Constant density
- No buoyancy
HSimilarity solution
A Simularity coordinaté =r/z
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Round Laminar Diffusion Flame

Ity

If densitynot constant
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flame

length L

a: Distance of the virtual origin
of the jet from the nozzle exit

For" = onst undalbh n

r
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Implies linear spreading
of the roung jet




Round Laminar Diffusion Flame Itv

A Introduction of astream function w

ow ow
pur = ———

or' Oz

puzr =

[H Continuity equation identically satisfied
A Applying theransformation rules
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to the convective termsn the momentum and mixture fraction equations yields
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Round Laminar Diffusion Flame Itv

A Such manipulations are always possible for4fimensional stationary boundary layer
flows, if a stream function and a similarity coordinatéef(r) can be introduced

A Thediffusive termsbecome

0 3] on O 13,
ar (v 5r) :“wﬁa—n(c%—n)

A C ChapmarRubesirParameter
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A For constant density (with =r/y and> = > ). C=1
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Round Laminar Diffusion Flame Itv

A Formaltransformation of the momentum and concentration equatiars assumption that
C=f(,")
A Ansatzor stream function

U= lu'ooCF(Cr 77)

and for thevelocities

OF /0N piso ( oOF 8F>
Uz = ' Ul = — oo — 4+ F—n—
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A u,undu, can be expressed asianction of the nondimensional stream functiérand its
derivatives
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Round Laminar Diffusion Flame Itv

A From themomentum equation

ou, du, a( auz)

PUer 5 TP S T Br
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A Similarity solutioronly existsjf Fr f(Y)

A Then,u, is proportional tol/Y (see previous slide)
Hvelocity decreases linearly withi(z + a)

A PrerequesitesBoundary conditions and C are independent of
(e. g.u,= O0andu, = Ofor' Hh0)
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Round Laminar Diffusion Flame Itv

A Equation for thenondimensional stream function

0 8F/877) 0 ( 0 8F/077)
— F — — (cn—=
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A Let. =Z(zr)/Z(2), ratio of the mixture fractiorZ,(2) to its value ar = 0
A Applying the same transformations to theequation yields
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A In case of a similarity solution

pOw 0 (C 0w
an — on\Sc o
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Round Laminar Diffusion Flame Itv

A If C=const:

__ C(m) o ( 1 )25C
1+ (yn)?/4 1+ (yn)?/4

A The assumptiol€©=const Holds if

and” # > =const

A C= mnst Often not a good assumption, since p~ T undp ~ T 1
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Round Laminar Diffusion Flame Itv

A Constant of integration can be determined from the condition that thet momentum is
independent o¥

A Substitution of the solution into the momentum balance

r 2 2 d*
]puzrdr:pouz,og
0

yields
» 3 po Re

64 ps C2

"o+ density of the fuel stream
Reynolds numbeRe=u, ,d/ A

To I
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Round Laminar Diffusion Flame

Ity

A Analogously for thenixture fraction(with Z, = 1)

oo

d2
/puzzrdr - POUz,og
0

b Mixture fraction on the centerlin€(z) =Z(z,r=0):

1+ 25c pg Red
32 p € C

Zy(z) =

b Z,decreases witll/y (as the velocity)
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Round Laminar Diffusion Flame

A Determination of theflame contourr as function ofz
from the condition

Z(z,r) = Zyw(n) = Zs

A Flame contour intersects centerline,
r=0,ifZ =2

A Corresponding value af
defines theflame length

1+ 2S Re d 1+ 2S d?
Za(Z) _ + ¢ pPo € [ — + C pPo U

2 ,.Cc T 327y pcC v

A Valid forlaminar jet flames without buoyancy
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Round Laminar Diffusion Flame

Ity

A For a given nozzle diameter,

Lincreases linearly with the Reynolds numiba
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laminar
flame transition

flame lengthL/d

Reynolds numbeRe

fully developed
turbulent flame

S¢=0,72

flame
length

fuel

air




