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2%2 Z\" , *' | 2 ﬁ : I\ % % I{—-E /) ' Variable | Description Bascline | Min. Max.
Touton peston wall temparature [K] 553 536 568
T oytanien cylinder wall lamperature [K] | 433 473 443
Tt Cybnder head temperature | 523 508 538
.. K]
14 H-
o CAT %ﬁ[*ﬂl Iﬂ {)ﬁ ﬂ: 1‘;-( ?u ] ‘engine speed [RFN] 1500 1465 1505
SR Swirl Ratio 088 085 1.00
A B (S AR AT RE SRS,
YaIRY N] ,
« 32 \m%KE (‘ 0% AR ) Al BE s M AR 4Y étl Schmidt | Schmidt number 078 070 080
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o JTA AR B AE AN E 1 R T TR P A SRR R I SRR TR I
I indial turbulence intensity | 4 g 10 20
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L ntial length scale [mm] 1.2 50 150
- & RBURIE AT (GSA) TENEMBE— FHE SRR BIRH [ [momm [w o (o
" Taen fuel critical temparatura [K] 857 645 658
%}up’ﬂ [ Normalized fusl density 1.00 055 105
~ . Y (e . N, A MNormalized fuel heat of
+ GSA RS B 514k 2% TRE#Dr. M.J. DavisIT & Hov | Nomaized w Jos  |u
VP Normalized  fuel  vapor | 1.0 0g 11
pressure
™ Normadized fuel viscosaty 10 o7 13
ParCuss totel parcels injected 1.0E+8 1.0E+5 2.0E+8
Ba KH beeakup langth constant 0.0 0.55 085
By KH breakup tme constant T 5 15
Time = -24.84723 Partem | new parcel cut off 005 003 o7
Ciarn RT time constant 10 0.5 20
Maximum Temperature [K] Maximum NOx Leve G FET size constant 0.1 01 10
1 Dece nozze diameter [microns] 169 164 174
B nozzle onentation angle | g3 58 88
[degrees]
descharge coeticient (k] 065 085
spray cone angle [degrees) ] T 15
SOl start of inection [‘CA] -7 5.2 12
Dol duration of injection ["CA] 257 27 217
M., fotal fuel mass injected [mg] 13.00 1235 1365
T Tnected fuel temperature [K] | 3120 3070 370
[s - fuel mass diffussvity constant | 3.7E-8 1966 56E-8
mis]
: Car dissipation constant 1 142 135 150
Argonne ™™ Ca dissipation constant 2 168 160 178
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LEAPFROG YOUR COMPETITION: shrink Your Combustion Engine Development Cycle!

VERIFI's World-Class
Chemists Quantify the
Effects of Combustion

VERIFI's Supercomputers
Do the “Heavy Lifting”

of Computation and
Visualization

From new fuels
to fuel injection
to combustion
to power

to emissions...

VERIFI's Testing
Capabilities Provide
Unmatched Experimental
Data to Validate
Simulation Models

VERIFI’'s Computational
Scientists & Engineers
Put It All Together for You

VERIFI creates design-optimizing simulations that
can reduce your financial investment and cut years
from your product development cycles.

You supply the problem, VERIFI provides the answers!
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Key Steps For GSA

» Simulations varying all variables over uncertainty ranges
simultaneously

» Fit the response (ignition delay, liquid length, etc) to the
uncertainties

tn ({U D) =t + D AU)+ DD By (U,U)) +..., U;'S uncertainties A (u,)= iaikuik

k=1

» The fit of the response to the uncertainties leads to a variance
associated with each variable (partial variance: Vi)

» Calculate sensitivity coeffs., Si = Vi/V, X Si = 1, (V: total variance)
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Eulerian Mixture & Cavitation Model

Mixture Model equations (homogeneous multi-phase model)

9P 0 "
Continuity: z7 TV PV = mixture density: P = Zi=1“i.0i
0pv — -
Momentum: 5, + (V- p0)V=-Vp+V-T+pf volume & mass q,p, = v;p
opY, fractions:
Species: — 4+ (V- pY)¥ =V - (pD;VY;) + S . . Yy/pg
t void fraction: ¢ .=
(plus: Energy, Turbulence) Z Yl/pl

Mass transfer: Homogeneous Relaxation Model (HRM) 2

The model accounts for non-equilibrium heat transfer phenomena, using an empirical correlation

Hypothesis: finite rate of relaxation to equilibrium % - Y-v
dt 0
Exponential relaxation of the vapor quality Y to the A
equilibrium table value Y, over a timescale 0. Y, = o hll 0 = 0a%yY? w= p—”mf _pp
v crit = Psat

Mixture: 1. liquid + 2. vapor + 3. air

1. Schmidt, D. P, et al., Int. J. of Multiphase Flow, 2012
d 2. Bilicki and Kestin, Proc. Roy. Soc. Lond. A., 1990 4

K ]
Further Details About Eulerian Mixture Model

U VOF method used to model the internal nozzle two-phase flow with cavitation
description closed by the homogeneous relaxation model
U Eulerian single velocity field approach by Vallet et al. (2001) is implemented for near-
nozzle spray simulations
= [large scale flow features dominate rather than the small scale structures under
the high Reynolds and Weber number conditions
U This approach considers the liquid and gas phases as a complex mixture with a highly
variable density to describe the dense spray region
= Mean density is obtained from Favre-averaged liquid mass fraction:

O 2 [ 4
P P Py

U The liquid mass fraction is transported with a model for the turbulent liquid diffusion
flux into the gas: 8pY  pu;Y opuY’  _:

— - }"~ ap
ot ox; Ox; Plevag
Q Closure for the liquid mass transport is based on a turbulent gradient flux model.
0 if tl I cell is filled with liquid ‘T pe OY
if the computational cell is filled with pure liquid gin = ———
I I ' PU; Se, dx;
U Void fraction (a) =41 if the computational cell is filled with pure gas

(0,1) if the computational cell is filled with both liquid and gas

S * Xue, Som, et al. SAE Journal of Fuel and Lubricants, 2014 8




U
Core Capabilities & Collaborations

Large variety of engine platforms and fuels e
* Light- and heavy-duty engines Source
* Cl-SI-LTC - Dual-fuel e
* Gasoline — Diesel — Biofuels Science and S
* Gasoline Compression Ignition
Research
Model Development
* Nozzle internal flow
. High-fidelity
Sprays Engine w
* Lagrangian models Simulations

* Eulerian models
* Detailed chemistry
* Mechanism reduction
* RANS and Large Eddy Simulations @ENERGY
* Cyclic variability EERE
*  Turbulence chemistry interaction BES
* Optimization
* Uncertainty Analysis - -4

Argonne’s
VERIFI for
Industry

Computational resources
* Clusters and Super-Computer Facility
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