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4.0

Concepts for modeling dissipative (coherent) structures
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5.3.3 Growth and decay of Q and S

5.3.4 Lifetimesof Q and S

5.3.5 Transitions between Q and S

5.3.6 Temporal sequences of Q and S
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1.1 Some characteristics of non-reacting flows

e Gas outflow (p < p,) vertical into the free ambient

atmosphere

e Initial momentum flow rate << buoyant convective

force of inertia

slow flows: 0.02 <u, (x=0)<0.7m/s (d =4.6 cm)

e States of fluid flow

Laminar flow — quasi-periodic flow —

(anisotropic) turbulent flow
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1.2 Some characteristics of reacting flows
(tank/pool flames)

# Free (non-enclosed) laminar coflow nonpremixed

flames

flame front (at d = 1)

b

-+ air

fuel air

D —> oo D >0

Nonpremixed parallel inflow of fuel and air; variation of

the ambient air

®: fuel equivalence ratio

o As a pure premixed flame (e.g. CH, : 0.5 <® < 1.68)
and also as a transition to a nonpremixed flame (e.g.

CH, up to @ = 3)
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e Stationary and instationary, nonpremixed flame

e Thermal buoyancy of the flame gases

Initial momentum flow rate << buoyant convective

force of inertia

— slow flows: 0.05 < u, < 2.5 m/s (d = 4.6 cm, n-hexane)
U, : axial flow velocity

d : tank diameter

e States of fluid flow: Laminar

e Transport-controlled

rr >> ry (fast chemistry)

rg . reaction rate

rr . transport rate

e Formation of soot particles

The chemical reaction mechanism is rather
complicated; e.g. the temperature decrease due to heat

radiation of the soot particles is also to be considered
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o Multiphase systems

Gaseous fuels: heterogeneous 2-phase system of flame

gases and soot particles

Liquid fuels:  heterogeneous 3-phase system of liquid

fuel, flame gases and soot particles

e New concept in tank flames: Nonlinear science oF
o Tank and pool flames can be characterised as:
- thermodynamic open systems with a continuous

exchange of momentum, heat and matter with the

~ ambient atmosphere

- (fast) chemistry with finite reaction rates, but

controlled by diffusion processes

- nonlinear chemical reaction kinetics, e.g. chain

- branching reactions

- formation of dissipative (coherent, organized)

fluid dynamic structures
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o Large gradients of temperatures T, mass fractions y;

of the species i, flow velocities U

Axial and radial profiles of T, y; , U

- Axial and radial dispersion as well as the heat
flow rate (energy feedback) from the flame to the

liquid fuel surface

- Increase in dynamic viscosity [transition to

laminar flow] due to the local high flame

temperatures

Broad residence time distribution (RTD)

In tank and pool flames large deviations from the
ideal plug flow exist because the reactor dispersion

number is large:

D -/
i [ H. averaged flame length; u : averaged flow velocity;
u H
D, axial dispersion coefficient]
CH/air - nonpremixed flame (d = 4.6 cm): = 14

n-hexane/air - nonpremixed flame (d = 4.6 cm): =29
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o Formation of dissipative (coherent, organized) fluid
dynamic structures [supramolecular organisation to

coherent structures]

- Molecular ensembles of 10" to 10%° molecules,
which are long-range correlated on macroscopic

length- and time scale:

Length - scales:
~ mm to cm; correlation length [ = /K t,

Time - scales:
~ms, R<<ty,T<<ty,

T : space-time

CH y/air - tank flame (d = 4.6 cm):

tr = tm =~ 0.002 ty = 0.5 ms; ty = 250 ms

Da,

T=02t=0.1 ms
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n-hexane tank flame (d = 4.6 cm):

1=K t, ® v2*10°m*/s x 0.5%107s =~ 10° m

- Pockets, (density) parcels, lumps

Self-organized regions with independent movements

- Properties of dissipative structures (in tank flames)

different to classic eddies:

* not only decay but a definite growth (downstream)

with increasing vertical distance from the tank rim

* formation of multiple parcels, e.g. « twins »,

« triples »

* neither decay nor growth : the geometric sizes of

the parcels remain constant

* Relatively long lifetimes (= ms): important for the

formation of pollutants, e.g. NO,, soot particles
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e For visualization of the dissipative structures
preferably 2-D or 3-D measurements should be

taken instead of point measurements
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