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Goal

Develop a predictive combustion model for
Diesel engine simulations

Introducti Alm

- Improve the prediction of pollutant
formation

Better understanding of in-cylinder flow
and turbulence-chemistry interactions

Strategy

LES-CMC for turbulent reacting flows

LES: commercial code (STAR-CD)
MC: academic 3D code
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Large 3D unsteady turbulent motion, the
effect of the small scales is modelled

e Better description of mixing of
fuel/oxidizer when compared to RANS

Instantaneous flow field allows access
to cycle-to-cycle variations
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6.

In non-premixed combustion, mixing of
fuel and oxidizer plays a key role

CMC Is a suitable combustion model for
non-premixed combustion

- In LES mixing is better resolved
compared to RANS and sub-grid
variance is relatively small

This leads to simpler models for CMC
unclosed terms, with a stronger link to
the underlying physics
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Conditionally filtered mass fraction
(mass weighted)

rY._\h
o = b

2. LES-CMC .y - . .
Conditional mass fraction equation

Q a=1...N

ﬂt 2 7//72
Enthalpy equation
%+uhx ND, = G T Q| 1 Dp|h e

il 2 9 | r Dt
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Reaction rate: w, =(Q,.T,)
Turbulent fluctuations:e, = -N X(DthNQa)
Conditional scalar dissipation:

C=cCn+Cy=2(D+ Dt)(N)?x Kb?)

2. LES-CMC

c, =(clh)

Turbulent diffusivitygy :<Dth>:< g_t h>
h G

Conditional velocity field:u, = (/)
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2. LES-CMC
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STAR-CD/3DCMC

E&

CFD code
| o, u,v,w,§ |
2 LES-CMC Return uncon[:lirio'nal LES-CMC models
species by weighting
presumed FDF
v [ u,, %, &5~ 2Py Py
YﬁfﬂQuP(n)dn A= pr|
CMC code
- SE—

0, Qs 1,
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3D CMC code

Finite volume, 2"d order CDS for

convection and diffusion terms.
Operator splitting in time with 3 sub-
steps:
convection and diffusion in physical space
diffusion in conserved scalar space ( )
Integration of the chemical source term

Cartesian or Cylindrical CMC grid with
additional/removal cells algorithm.

Grid points in  -space clustered around
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Engine Model

Experimental engine
500cc single cylinder
4 valves

1500 rpm
Injector

Six hole injector
800bar/1000bar rall pressure
0.137mm nozzle diameter
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Simulations

Multi-cycle simulations under motored
conditions:
Identification of CCV in the in-cylinder flow

Closed-chamber simulations under fired
conditions:

3. Simulations Simplified geometry to test the LES-CMC
methodology and the STAR-CD/CMC
coupling in realistic conditions

RANS / LES comparison, no available

experimental data for this configuration
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Geometry

Two grids:

full engine with valves and intake/exhaust
ports: 0.65M cells at TDC, 1.45M cells at BDC

closed-chamber mesh: 0.3M cells at TDC,
1.4M cells at BDC

Full engine mesh

3. Simulations Closed-chamber

mesh

—=0.71mm . = 0.55mm
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Multi-cycle Simulations
Full engine geometry
dentification of CCV in the velocity field
RANS (k-epsilon): 3 consecutive cycles

_ES (constant Smagorinsky): 5
consecutive cycles

4. Results First cycle is discarded from analysis
4.1 Multi-cycle . . e ..
Quiescent initial conditions

Same pressure boundary conditions for
each cycle
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Pressure Trace

Pressure Trace vs Crank Angle Degree
(CAD)

4. Results

4.1 Multi-cycle
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In-cylinder Velocity

&

RANS LES

exhaust intake exhaust intake

4. Results

4.1 Multi-cycle

F. Bottone



Swirl and Tumble

E&

Contrary to RANS, LES gives CCV

Stronger CCVs during induction stroke for
swirl and during the compression stroke
for tumble

4. Results

4.1 Multi-cycle
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CCV for each stroke

Intake Compression

4. Results Expansion Exhaust

4.1 Multi-cycle
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CCV during intake

4. Results

4.1 Multi-cycle
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CCV during
&m

4. Results

4.1 Multi-cycle
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4. Results

4.2 Closed-
chamber
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Closed-chamber

&

Closed-chamber mesh

From intake valves closure to exhaust valve
opening

Injection of n-heptane through 6-hole injector
Rall bar pressure: 800 bar

Atomization and Break-up models from STAR-
CD, coupling with CMC with source term in the
mixture fraction equation

Chemical mechanism: 60 species (31 non
steady-state)



Injection profile

Start of injection: 1CAD before TDC

Injection Profile

4. Results

4.2 Closed-
chamber
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Temperature Field and Spray

Dxnamics

RANS LES

4. Results

4.2 Closed-
chamber
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Mixing Field

4. Results

4.2 Closed-
chamber

10 CAD
alDC
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Reactive Scalars

Temperature

4. Results

4.2 Closed-
chamber
NO
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Summary

5. Summary
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To date

Implementation of CMC code in LES
framework

LES-CMC successfully applied to a
turbulent jet flame (Sandia Flame D)

Engine geometries: full and closed-
chamber meshes

Preliminary results under motored and fired
conditions

Work in Progress
Validation with available experimental data
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