578 UNIVERSITY OF Q GATES

¢¥ CAMBRIDGE Cambridge

Modelling of Spray flames with
Double Conditional Moment Closure

M. P. Sitte & E. Mastorakos

UKCTRF Annual Meeting 2016, Durham




Contents

Introduction

* Objectives

Methodology
» Derivation of the model equation

 Closure

Results

* Preliminary application

Conclusions




Objectives

Modelling of Spray Flames with Double Conditional Moment Closure
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Domingo et al., CNF, 2005

Max. mixture fraction
Non premixed & premixed

CMC

» Statistical model

* Non-premixed
* Spray

 Premixed

» Double-conditioning

Klimenko & Bilger, PECS, 1999

Mortensen & Bilger, CNF, 2009
Borghesi et al., CTM, 2011

Mantel & Bilger, CST, 1995
Amzin et al., CST, 2012

Kronenburg, Phys. Fluids, 2004

» Present the DCMC equation for spray flames.

» Propose closure.

» Preliminary test case and comparison with experiments.
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Governing Equations

« Governing equations of a two-phase reacting flow.
Following Mortensen & Bilger, CNF, 2009
Separate flow mode (Kataoka, Int. J. Multiphase Flow, 1986)

a0
S Tve=1 here, 8 = gas phase

6 is the volume fraction of gas phase in a cell
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DCMC equation for sprays

§¢=0 Inpureairr
§=1 inpure fuel vapour
cp(x,t) = Yo(E(x, 1)) —P(x, t)

l/)()(f(x, t)) — l/)Eq(f(x, t)) Bray et al., CNF, 2005

D08+ div(8ptu) = div(0pDe7E)[+ p(1 — )11 + pél
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ot

+ div(fpcu) = div(8pD_.Vc)
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+ div(8pYau) = div(8pD,VY,) + Opar, + pYe (V, + 1T)




DCMC equation for sprays

Klimenko & Bilger, PECS, 1999

0Qq — Mantel & Bilger, CST, 1995
ot Kronenburg, Phys.Fl., 2004
Mantel & Bilger, 1995; Amzin & Swaminathan, CST, 2012
. Q Mortensen & Bilger, CNF, 2009
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Closure

e Presumed B-pdfs P (@) P ()
- Stat. independentpdfs  p(n,0) =P () P (O

« Cond. scalar dissipation rates
(Ne[n. <) (N¢ln, ¢) (Necln, ¢) = 0

7 \ \\\

1 0 C
as proposed By Nguyen et al., CNF, 2010
and discussed by Kronenburg & Mastorakos in Echekki & Mastorakos eds., Springer, 2011

* No conditional spray terms and dilute spray assumed

 No radiation or wall heat loss

« Unity Lewis number
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RANS Implementation

pf

TS + dlv(pf u) = le(p(DT + D) 175) + pIl

—~

0pé"? — — g -
ps + div(p&'2 @) = div(p(Dy + D)VE? ) — Zﬁsz'z +2pD;VE -VE

ot
+2p(1 — T ) - p( - 521 )

¢ = Ccoz
opc
wre + div(pc %) = div(p(Dy + D) VE) + pa,
dpc’? ~ — — e e

5 + dlv(pc i) = div(p(Dy + D)Vc'2 ) |- 2p& |+ 2pD,VE - VE + 2pc’ &y,

h =2 (2K} C)SL+C il b Kolla et al. CST, 2009
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Test case

Piloted ethanol spray flame Simulation

Kariuki & Mastorakos, submitted to CNF, 2016

* Liquid fuel Flow field solver OpenFOAM

* Pre-vaporisation « BCs from experiment

 Premixing « Lagrangian doplets

* Abramzon & Sirignano
evaporation model

« 1D CMC grid

Kariuki and Mastorakos, submitted to CNF, 2016

« Detailed chem. (57 species)
Marinov mechanism
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Axial velocity
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Conditional moments 11
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Flame shape

Experiment Simulation
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Mixture fraction variance
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Summary and conclusions
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DCMC equation for spray flames

Preliminary application

Experiment vs. Simulation

Performance of the mixture fraction SDR model unsatisfactory

Future work:

Modelling of the spray terms




