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Who are we?

® Convergent Science Inc. (CSI) was founded in 1997

® Experts in CFD modeling of turbulent flow, spray, combustion, heat transfer and optimization auto-ignition iocations (red) and liquid spray
droplets for dual fuel engine. Courtesy Chrysler LLC

® Developers of CONVERGE: commercially available since March 2008
® Extensive academic program

® CSI partners with thought leaders including: Steady growth = stable 65

® US: Argonne National Lab, LLNL, Sandia and Oak Ridge National Lab organization + investment
® Europe: IFPEN, CMT in cutting edge technolog

* Long meshing time
* Cotirse mesh (grid dependent)

*  Empirical physical models

* Extensive tuning

CSl employee count

How we used to do CFD 2008 2009 2010 2011 Current
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Corporate Highlights

e 2013: IDAJ becomes the official distributor of CONVERGE in China, Korea and Japan
e 2014: Convergent Science Gmbh (CSG) formed to sell and support CONVERGE in Europe

e 2015: CSl opens office in Detroit area

Rt IDAJ

CElI SOFTWARE

Convergent Science sales and support network
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What do we do?

e CONVERGE CFD software was developed with the goal of simultaneously increasing both productivity and accuracy for modeling flow, spray
and combustion

® Generates a high quality mesh automatically at runtime thus eliminating all user meshing “If you change your mesh,

¢ Adds mesh refinement when and where it is needed to minimize mesh effects (Grid Convergent Modeling) does it Change the results?”
¢ Has a rich suite of physical models for spray, combustion and turbulence

¢ Can readily handle all engine types (Diesel, natural gas, gasoline, two or four stroke, rotary engine or reciprocating)

e Extensive user defined functions (UDF) allowing user to add physical models and custom output ..

e Genetic algorithm included which automatically spawns CONVERGE simulations for optimization

Traditional
Approach

More mesh
More chemistry
" Higher accuracy

| More empiricism
Course mesh

4 Less chemistry

~ More tuning
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Partnership with Sandia National Lab

e Sandia National Laboratory has formed a spray combustion consortium
(SCC) which will officially kick off soon Industry

e (Sl was thrilled to commit to joining this consortium Partners

@ Sandia
National
Laboratories Software

\Vendors

e The goal of this consortium is to develop predictive spray models linked
to transient internal nozzle flows.

e Supported by OEMs, suppliers, software vendors

nnnnnnnnnnnnnnnnnn

e Experiments in real-scale transparent nozzles at realistic conditions.
e High-fidelity and engineering-level simulations to incorporate key
physics.

e Coupled spray models released by software vendors for ceinbustion
design development.

Spray formation, Combustion: Spark or
=) Vaporization, = Fuel-air mixing E)  compression ignited
Fuel-air mixing

Injector
nozzle flow

COMBUSTION

YRESEARCH
, FACILITY o
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Collaboration with Argonne National Laboratory

What Virtual Engine Research Institute and Fuels
Initiative (VERIFI) Offers:

* High-performance computing—enables a paradigm shift in
engine CFD

* Uncertainty analysis for engine simulations
* New low-temperature combustion concepts

e Design-optimizing simulations to reduce
cost and shorten development cycles

e ~Argonne’s capabilities in combustion chemistry, engine
modeling, math/computer science, and facilities for
computing/testing

THE FIRST AND ONLY SOURCE IN THE
WORLD FOR

Thre End

Industry partnerships—to date, with Caterpillar, Cummins,
Convergent Science, Navistar, GM R&D, Fiat Chrysler, DENSO, ...

Winner: 2015 Federal Laboratory Consortium Award for Excellence in Technology Transfer
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Accuracy vs Repeatability

Running multiple cylinders and multiple cycles to
study cycle to cycle variations is becoming very
common with CONVERGE

= Very important for GDI engines
=  Very important for auto-ignition studies

This brings up an important tradeoff between
repeatability and accuracy

= Repeatable results require fewer cycles, yet missed
important phenomena

= Accurate results require more cycles to be run.

CONVERGE can be run in either mode: highly
accurate (recommended) or repeatable

T
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Repeatability, high smearing
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| LES

________________________________________________________________________________________

Accuracy, low smearing

All combinations of the above can be run in CONVERGE, depending on
the user’s desire for more repeatability or more accuracy
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Total Runtime (Days)

Collaboration with LLNL

CSlis thrilled to be partner with LLNL

Detailed chemistry solver speedup

Multi-zone model for chemistry speedup

New chemistry solver available in v2.2

The goal is for detailed chemistry to be as fast (or faster) than

empirically based combustion models

LE+04

Chemistry Time (seconds)

GPU processing of chemistry (first version available as a
UDF in v2.3)
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Reduction in run time associated with detailed chemistry

1.E+03

| GRI-Mech 53 species

16xCPU + 2xGPU (K40s) 1400

Converge 1200
Chem.

1000

Greater speedup with - 7
more GPUs per CPU =
and future hardware 7

;,
|
{:
I
|
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LLNL Chem. (GPU) ~1TX
new work sharing
1.E+02 T -
4 16
Number of Processors 0
g\
o
Simulation time (chemistry-only) for
{ 108 cells on 32 processors
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A
10° | ji
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E' 10° | ]
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5 \
g0} 1
2 N
Lawrence R R il T
= E N iso-octane now
Livermore g
N t. I 102 b Direct dense LU (internal J) —%— 1
a Iona Commercial chemistry solver
103 LLI:IL adaptive precondim_)ner (current) —e—

Laboratory

100 1000
Number of species

10000

2-methylnonadecane
7172 species
52980 steps

Traditional dense matrix
ODE solvers still found in
KIVA and OpenFOAM

- 90 years
New commercial solvers
using sparse systems

- 150 days
New LLNL solvers created
for ACE program FY13

- 11 days

This project and ACEO12
have coupled our solvers to
CONVERGE™ CFD.

Model Development and Analysisof Clean & Efficient Engine Combustion (ACE012)
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Department of Energy Merit Review

® Topics include: Optimization, spray modeling, nozzle analysis,
cyclic variability, mechanism reduction, soot modeling, chemistry
speedup, pre-chamber engine, LES, cavitation, GPU processing,
Diesel engine, Gasoline engine

Mult1 -Component Mechanism Vahdatlon

Temperature Contours at 1.5 ms

Igaition delay (me)

2 w0 70

20 40
Axial distance [mm]

« Experimental data from Kook et al. {Fuel 2012, Sandia
National Laboratory
« Simulations can predict the ignition delay very well
flame lft-off length
with the

* Simulations tend to under p

\-dodecane r
2

w0 o0 ox 60
1)

Its are shown for compar

Multiple Ieplesemzuve Interactive Flamelet model

offlength predictions | used for turbulence chemistry interactions

Approach: Mechanism Reduction Methodology Needle wobble: near-nozzle hole-to-hole variation

= Dirscted Relation Graph (DRG] and Directed Relstion .
Detailed Biodiesel Mechanism Graph Aided with Sensitivity Analysis (DRGASA) tools 1
(from LLNL) applied for mechanism reduetion in eollaboration with ] v
Prot.Tianfeng Lu et al.at Universty o Connecticut
3329 species, 10806 reactions
Downioad mechanism =
es/mults dim mods i G e

. ;

Isomer lumping

&

DRGASA & Error

Symbol: Dt Mechism
Cancelation :

~ 30 times reduction

liquid distributions in the

3000/1 (X)
. ozle region

¥ aNon regulas
¥ Demand for near-nozzle validation data

¢
115 species, 460 reactions!

Range of operatio

 Pressure: 1-100 atm L Pickatt Lot (€GN, 2014)
i 2 courtesy of Peter Hutching, nfineum 14

v Equivalence ratio: 0.5-2.0
+ Initial temperature: 700 - 1800 K

Computational times scales with N2 ~ N
a'

Project fmpact Cyclic Variability with Large Eddy Simulations

+ Specific fuel consumption was optimized
using genetic algorithm based tools and
CONVERGE CFD code for Chrysler LLC.

* Predicted optimized speed-load conditions
corroborated very well with experimental
measurements on a Chrysler Dual-fuel
combustion engine at Argonne

* The optimized conditions also showed
considerably lower emissions compared to
the baseline

Project Impact

« High-fidelity Larg:
(LES) can capture flow s
which lower fidelity (RANS)

cannot predict
yele-to-cycle

each injection event.

Further research to predict engine

Injection 1

Computational Details
* High-temporal and spatial resolutions results
in less sub-grid scale modeling with the LES
* Each cycle: 1 month on 256 cores; need at
least 8-10 cycles
* Simulations performed at Fusion cluster at
= Argonne together with Cummins Engine
5 Company and Convergent Science Inc.
ENERGY ENERGY

Computational Needs
+ 400 engine simulations performed to
achieve optimized fuel economy and

Injection 2

emissions

Injection 3 |
* Each simulation generation takes <

about a week on 24 cores

Simulation Details
Effect of grid resolution on cyclic variability

Technical Accomplishments
Correlated Fueled Pre-Chamber Simulation

IMAHLE

Powertrain

ANCED

e 1
> WITHAMR
Grid resol

CONVENTIONAL =

®  iso-surface temporature
(1500 K)

®  Main chamber combustion
primarily controlled by:

. Prechaiabion Crank Angle ‘;26 aTDm
combustion event

- Nozzle geomatry

®  Mutiple, distributed
ignition sites

W Gas exchange resonance
between chambers

numerical results but needs a turbulent sub-grid term (TCl) to simulate combustion properly

Approach & Accomplishment/Progress O ciiicvai i

ANL Spray Modeling & Engine
Optimization Through CFD

El
Sr— DIose!CFD

+ Both RANS a
The nced o mpraved uient dperson o0 wih LES wes anten

ced LES

+ DASIor
s o stablty

. ments
Highly dilute combustion stability - Relevance and Approach AMR13 Accomplishment: LLNL's new solver brings well-resolved =
* Collaborative effort with Ford Motor Company and Convergent Science, Inc, chemistry and 3D CFD to 1-day engine design iterations
. issions benefits of highly dilute (I igh-EGR) limited =2
ustion st
ey o A S e e Simulation time (chemistry-oniy) for 3 =
— Understanding the causes of instability enables potential for redesign and/or control 10¢ cells on 32 processors
+ HPC and CFD models enable detailed study of key factors promoting instability w T172species ==
~ Thousands of simulated cycles required to study problem with statistical accuracy w N 52580 steps o=
~ Previous analytical studies used low-order models to avoid excessive computation time \ adtonal dons ot

* ORNLEs HPC low-

Ly L dlion

Conventional RANS (low mesh resolution - no AMR) does not deliver significant fluctuation of

H - s sbmiomnat | 2 Hsh diion
bl e Rt o ey 3 o e
& . i) 1 sl
! . i T+ St e
i i s o
H i
i H ot -
b

Multi-hole Nozzle Two-phase Flow Simulations

Frojact impact Computational Details

* Plume-to-plume variations In  Multinole
nozales can now be captured

« Influence of needie transients on fusl spray
developmant can now be predicted!

* High-temporal and spatial resolutions
resulting in grid-convergent solutions

* Each Simulation: 1 month on 64 cores;
Need 20+ simulations

Time = 0.000100

ENERGY

Prediction of Soot Distribution

(a) T=1000 K

t mass fraction
distribution - simulation
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5

e T e - 150 days
- iso-octane now
w — only 1-day! New LLNL solvers created
. for ACE program FY13
10° Daset aens L e ) —¢—
L5 ol ehemiany ot -1 days
w LA apeive procondiiener (curend Tris project and ACEd12

000 Y

b of species
Lawrancs Livermore Nationai Laboratory

MeNani, ot aL LLNL PRES.650860

CONVERGE™ CFD.

FY2013 Accomplishments

* Implemented advanced solvers with
reduction in simulation time
Partnered with Cnmm\wcwmmh

integrate GPU-based solver
mulidimensional CFD, Geveloped and
chemistry with

* Domonstrated CFDImult zone appledto
l"’ XA PCCI operation
.
= and fideity for zone strategies

have coupied our solvers to

Converge mult-zone, orders of magnitude.

combusti
otertal 105 sttt
* New license agreement for advanced
CPUIGPU solvers with Convergent
- Sciencelnc.
+ Validated Muti-dimensional simuations of
isc-octane PCCI using Converge multi-zone
- with detaded chemistry

i

. v-mmmnm-mmm quantified

Significant achievements in simulation performance and efficiency.

Laweence Livermore Katons Laborstory " 4
Technical accomplishments
Ignition and Cyclic Variability

* What causes higher variability in flame a Toagers
propa;anon" 4

.  motion variabilty

. .

Significant impact of charge motion
(especially in the near-spark region)

* How do multiple pulses reduce
variahility?

rele: juces amplitude of

V.
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Collaboration with ORNL

. . . . . Reduce time-to-market Solve the unsolvable Evolve capabilities
g CSI |S th ri I Ied tO be pa rt N e r Wlth Oa k R | dge N at | 0 n a I GDI fuel injector Understanding cycle-to-cycle variation GPU acceleration of numeric
design optimization Hi . b . solvers
ghly dilute ICEs Dual-fuel locomotive
Laboratory M @ <= D @ Cc|=w
Understand and optimize GDI injector Understand stochasticand Investigate key factors promoting cyclic CRADA effort seeking to implement
H H H design fori d effici d deterministi drivil li iability in a dual-fuel (NG/diesel) GPU leration f icsol
e Various multi-year DOE funded projects are underway S iabuors ||| aabiby o ety il srgrs 1|0 locomotteapplstion’ e TemEre e
LLNL — Chemistry solvers
Wit h t h e go a I S Of: zozlglglh;fcac“;frr—\ii:ih::rs 2014 ALCC award - 17.5Mhrs 2015 ALCC submission ORNL - Flow & co:nbustion srolvers
[ J

Titan & Big Red |l - Code evaluation
Parallelization & automation of labor-  Novel approach to parallel simulation of Adapting metamodel approachto
Convergent Science collaborates with:

Cummins— Validation data
intensive tasks a serial phenomena examine dual-fuel stability

Enables faster runtimes and/or higher-
Coupling models of internal injector flow Uncertainty quantification with Stable dual-fuel operation will enable resolution simulations with more-
and cavitation with in-cylinder spray and intelligent sampling significant displacement of petroleum-
— GM (fuel injector optimization) i

detailed chemistry
based diesel fuel with NG
Enables creation of low-order

Enables rapid investigation and metamodels that retain key dynamics of
H H . . . optimization across full design and CFD model but greatly reduce
Ford (Highly dilute spark ignited engines) operationalspace

computational time

GE (Dual fuel locomotive engines)

Cummins (Reduced runtime for chemistry)

F CONVERGE
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IFPEN Development Partnership

e Convergent Science recently formed a development lfP Energfes
i nouvelles

partnership with IFPEN in Paris
e |FPEN will assist in implementing their physical
models into CONVERGE
— IFPEN ECFM combustion models available in early 2016
— Urea chemistry and deposit formation (2016)
e |FPEN will use CONVERGE exclusively for RANS engine
calculations

e Utilize IFPEN’s extensive experimental database for
validation work

8 CONVERGE
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After-Treatment (SCR/Urea) Modeling

___________________________________
-~ s

~

/* Complicated geometries ™
- No-User Meshing and AMR

* Detailed chemistry

-

Noyx/Temperature
Sensor

Pressure and
Temperature Sensors

* Turbulence models
— RANS and LES

e Atomization models
— Liquid breakup
- Spray-Wall Interactions

Diesel Particulate Fliter

o -
-
S e e e o e o e o e o em om em om em om Em em m em em em e em e e e S

/

~
-

-
——————————————————————————————————

— Urea wall deposition «—— Collaboration with IFPEN

Catalyst simulation

W
I

#2 CONVERGE
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Birkhold Spray-Wall Interaction Urea Test

(Caco
31° 7] 400 | I IE).(pE'PI'imentl# 1 I'}(
30 m/s Birkhold solved  _. 350 . Simulation #1 ——
— 46 mm O = Experiment#2 [
top only = 300 | Simulation #2 ----
u,, T, = = - CONVERGE has 5 250
i 3@ eistahiplatto, £ mm whole domain o '
—> 20 mm 46 mm é— 200 }
. 2
= 150 ¢
70 mm = 100! _
S P 0.2 mm T T TOTOT OO
— C— 50 I 1 i i [l 1
/ 0 20 40 60 80 100 120 140
PC Time [s]
k AD-
Wandler Figure 11: Measured and simulated evolution of wall tem-
perature with wall film formation for positions # 1 and # 2,
Abbildung 5.12: Aufbau zur Temperaturmessung bei der Spraykiithlung fiinj = 3.72 kg/h, Ty = 340°C.
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Birkhold Spray Wall-Interaction Results

bound_temp

6.150e+02

. 5.475e+02
Time = 0.195 4.800e+02
4.125e+02
3.450e+02

Pulse spray profile

Experimental wall temperature = 345 K - - -
Multi-component model used (same 0.2 04 0.7 0.3
results found for molten solid) Time (seconds)

P

=
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Comparable Film Height Predictions
FIRE (Birkhold 2006) |

Wallfilm: Thickness [m]
E 1

CONVERGE

0 7e-05

Figure 13: Predicted wall film thickness, m;,,; = 0.83 g,

T, = 340°C.

film_ht

7.000e-05
_ 5.250e-05

Time = 0.195 3.500e-05

1.750e-05

0.000e+00
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GT A Gamma
Technologies

SWRI Validation Case

“us

104.1 64

SCR
318 ;

\\}\
[‘\'\ t HM dp_yNH2_2_CO xNH3
— - 3.400e-04
18'9301026;8(1) 2.550e-04
6.625e-01 1.700e-04
4.937e-01 8.500e-05
3.250e-01 0.000e+00

SCR-1 Mixer Case

= g ———

SCR j S
dp_yNH2_2_CO ) 18;"‘3‘31
i s
SCR-2 No Mixer Case §8370.01 E Joare0d
3.250e-01 :
Zainal et al, 2013-13PFL-0137
Y CONVERGE
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SWRI SCR Coupled 1-Way Results GT =27 rercoes

« CONVERGE to GT-Suite Link | s
* New Post capability o
 Validated GT-Suite SCR model

50%

e QOlssen 2008
* 10x 10 x 8 = 800 reactors

40%

NOx Reduction

30% -

20% -

10% -

!

i
L=

=
-

0% -

b

SCR-1
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Modern Urea/SCR System

Spray

AP = 1,450 Pa

611 Pa ‘

ESCR Inlet

* Urea film locations are likely areas of deposit Cross-Section
formation

e Collaboration with IFPEN will allow CONVERGE to
model urea deposits Mass Fraction NH;

8.000e-06
o0 ¥ 1200 RPM 6 : 0006_06
08 2200 RPM | 40006'06
07 ' 2.000e-06
0s 0.000e+00

0.2
0.1
0

NO MIXER THIN WIDE

NH; UNIFORMITY

e CONVERGE
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CMT Collaboration

Convergent Science is collaborating with CMT-Motores Térmicos
(Thermal Engines) of the Universidad Politécnica of Valencia,
Spain

e CMTis a world leader in engine research

Topics of the collaboration include modeling spray, combustion,
mixing, emissions and experimental data

Extensive model validation is a goal of this partnership, taking
advantage of CMT’s experimental database

Publications co-authored by CSI and CMT are expected in 2016
CMT will have researchers and students using CONVERGE

Dry soot (g/kWh)
o o o cp
SN ow e

ﬁﬁ\ UNIVERSITAT
“UNEH POLITECNICA
a_;:;/ DE VALENCIA

Vo
"'\-\.

0 01 02 03 4

|
motores térmicos
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Partnership with Gamma Technologies

* Convergent Science works closely with Gamma Technologies

BH

o
Portion of 1D &0 =™ [F
model replaced =1
with a 3D CFD g
simulation

*  CONVERGE and GT-Suite are complimentary tools W
« CONVERGE-Lite - A fully embedded version of CONVERGE linked into GT-SUITE
* Cylinder Coupling — Multiple Cylinders s dm

et orf 02
uuuuuu

* Hydro-Mechanical coupling (FSI) - (NEW) €

e GT solves 1D fluid mechanics and 1D/2D/3D mechanical motions

* GT sends mechanical position (ball valve, needle, etc.) to CONVERGE |

MasswWith iy
Contacts

MechCFDConn

* CONVERGE solves 3D flow, passes fluid forces and moments acting en mechanical element

* After treatment Modeling (Urea surface chemistry) — (NEW)
* CONVERGE predicts flow, urea spray, ammonia conversion and mixer

NNNNNNNNNN

* Couple with GT-Power to predict NO reduction in catalyst brick

GT | Gamma Noyx/Temperature
-' Technologies Sensor
.

Pressure and
Temperature Sensors

Dlesel Particulate Fliter

i —————— -
Cameesion Effiency,
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ASME ICE Conference

e The ASME Internal Combustion Engine Division Fall Technical Conference conference was held
October 9-11 in Houston, Texas

e There were 16 papers which used CONVERGE presented
e Both of the lunchtime talks showed CONVERGE results as well

INNE NATIONBIBEAB = WNI V!
» OAK RIDGE NANGNAE AR « M
/i - GENERAL ELECTRIC * ARGONNE NAT
5| A | =N« SAUD| ARAMCO = CATERPILLAR -

- CUMMINS * ARMY RESEARCH LA

- ARGONNE NATIONAL LAB » GENI

NSTREAM ENGINEERING = ARGONM

“RCH LAE - GENERAL MOTORS - | INE
SAUDI ARAMCO * OAK RIDGE NATIONAL LAE «
=J RFSFARCHITARVEATERRINERRES ARGONNE NA

| PAPERS

CONVERGE

CFD SOFTWARE

ASME 2015 Internal Combustion Engine Division [
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Computational Chemistry Consortium

Convergent Science is planning to start a chemistry consortium:

* Consortium money will be used to fund universities, national labs, consortium members, and
potentially non-consortium members to conduct R&D

* Convergent Science is not looking to profit off of this consortium

* Our motivation is to provide better chemistry, combustion, and emissions modeling
capabilities to our customers.

How is this different from past consortia?

* Open format will be used for all mechanisms

* The format will be published such that all mechanisms can be used‘by any engineering
software

* The mechanisms and the formatting will eventually be released to the general public. This will
allow for more extensive validation and development by the combustion community.

* Board of directors and voting (not clear if this is different or not)

Convergent Science is eager to begin this consortium — please let us know if you are
interested in joining

Industrial Members

University Partners

generic logo

company

generic logo

company

generic logo

¢ 4

company
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User Conference

CSl had a very productive user conference in October, 2015

Presentations showing CONVERGE work at PSA, Cummins,
GM, Ford, CAT, Chrysler, Red Bull and Renault

User presentations on new applications including urea
modeling and conjugate heat transfer

2015 CONVERGE USER CONKREWENCE / TOBER 5-9 / RICHARD CHILDRESS RACING / WELCOM|

SPEAKERS

WELCOME o

AUSTIN DILLON TY DILLON

......................................

EVENTS

@ @

ADVANCED TUESD

KEYNOTE

ERLE ERIC FLUGA TANG-WEI KUO
1, Corporate Engincenng Lat anager

Cummins. Caterpillar

nnnnnnnnn

PENGHIN  QTotoicAE W o GE T Erescale S

CONVERGE

2015 USER CONFERENCE

OCTOBER 5-8 RICHARD CHILDRESS RACING WELCOME, NC
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User Conference - CAT

* Caterpillar presented “Engine Valve Temperature Prediction using CONVERGE”

e This study utilized CONVERGE conjugate heat transfer to predict spatially resolved
exhaust valve temperature in a large bore production Cat® Diesel Engine

* Super-cycling was utilized to reduce computational cost

* Contact resistance was found to be very important for accurate metal temperature
predictions -

===-test —4—CP=5.0e+7 —4—CP=1.5e+7 —4—(P=0.5e+7 —&—CR=0ff / w N
Intake 4 —_— oS
valve N\
Instrumented :

exhaust valve
1st supercycle 2nd supercycle

intake port

Without contact resistance, temperature is
over predicted by 100 K

Exhaust Valve Temp (K)

568 1288 2008 2728 3448 4168 4888
CA (deg ATDC)

3rd supercycle

====test thermocouple
initial guess +59
# xFD thermocouple
568 928 1288 1648 2008 2368 2728
CA (deg ATDC)

Exhaust Valve Temp (K)
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User Conference - BRP

* BRP Presented “Two-Stroke Reed FSI Modeling and Validation”
* Reed pedals were modeled as free vibration of cantilevered beam
* Good agreement for crankcase pressure and reed motion achieved

Reed Assembly

Liyliglidl é

TITITITI1T

d’z, dz, o'y, 0%
e +2gia)ia+(oi22i =F Bl etz =0
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User Conference - BRP

Reeds 5500wot_g20

WOT 5500 rpm, BC14.1

A

reed_tracerN

1.00

0.98

%7 0.96

¥ 0.94

Crank Angle = 0 (cycle 3) 0.92
Oct 1, 2015 0.90

Courtesy of BRP 'BRP

= CONVERGE

&7 CFD SOFTWARE




User Conference - Renault

Compared accuracy of PSM (new) and Hiroyasu (historical)

) ) o soot models
Advanced soot modeling for Diesel application
PSM model in CONVERGE

PSM also allows for soot size distribution

CHANGE !'"!

Aiga |

Soot Volume Fraction

Soot Particle Size

%) CONVERGE
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Introducing Version 2.3

 CONVERGE v2.3 offers you more user-friendly,
powerful, and flexible tools that allow you to gain insight into
complex physical problems

Advanced new surface preparation tools

Additional models and more user-controlled options

A more efficient and robust solver

Enhanced post-processing tools

Urea modeling

O O O O O O

Conjugate heat transfer improvements
g P Image courtesy of SWRI
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CONVERGE Studio v2.3

@ C/cygwin/home/diee/sie/si8_sage_pfi/surface.cvg - CONVERGH
File Edit View Geometry Pick Window Tools Help
B @ e &Y < N [Z]ersoumdeny 2K ©

“’"'I"' Repair | [ create |[ Measwe |[ seal ]‘“

Transform undar Options

| Find/Clean | Fence | Fiag |

Assign triangles to a specified boundary

EEIEIE

[] Group color by regions

Nef4e aaa anamea

ID Color Name sum
-

1 Piston 3607

2 WAL Liner 206

3 WAH Head 10921

4 AW Spark plug 535

5 IWAW Sparkplug electrode 5

6 Exhaust ports 16186

7 A Exhaust outflow 264

8 Exhaust valve top 4034

9 [N Exhaustvalveangle 384
10 Exhaust valve bottom 1890
1 Intake port 21038
12 N Intake (Inflow bounda... 48

13 EZM Intake valve top 3034
14 WAL Intake valve angle 532
15 M Intake valve bottom 3498
16 Throttle 592
Triangles

Selected Entity  Property

[ Highlight [ clearan 7] | Clear Last | | Apply |

\ ) surface.cvg™

’? m @’ l@] Case Directory: C:/cygwin/home/dlee/si8/si8_sage_pfi E

Full case setup (mesh inputs, spray, combustion etc.) with error checking

Case Setup LTy

- [App“utlons

Engine application

4 72 | materials
Gas simulation
Parcel simulation
Global transport parameters
Reaction mechanism
Species

4 71| simulation Parameters |
Run parameters
Simulation time parameters
Numerical parameters

- ‘ Output / Post Processing

Post variable selection
Output files

472 [Boundary conditions ]
Boundary —

472 |wnitial Conditions & Events |
Regions and initialization
Events

4 [72 | Physical Models ]
Spray modeling
Combustion modeling
Turbulence modeling
Source/sink modeling

472 | Grid Control
Base grid
Adaptive mesh refinement
Fixed embedding

Urea System Model

Chemistry reduction environment With Studio, the user only works with surface mesh as

the volume mesh is made automatically at runtime.

Templates (pre-defined and user generated)
V2.3 is packed with new features, making case setup quicker and easier than ever
e Surface wrapper

e Polygonnica cleanup tools

CONVERGE
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Ensight Desktop for CONVERGE

pore
@ | Launch Ensight for CONVERGE

By S ————

Time =0.000 s

SOMIE000 +OS0NGm Tnt *
PANICOER] ) WX+ bk

e A Frigpt b ©

P g - -

........

. @l Post-processing tab in CONVERGE Studio Underhood thermal analysis

e Ensight Desktop comes bundled as a standard feature of CONVERGE

e Other post-processor formats can be readily exported

A CONVERGE

& CFD SOFTWARE




Fluid Structure Interaction (FSI)

The boundaries motion can be
calculated by CONVERGE during
the simulation

A 6 degree of freedom (6-DOF)
solver integrates the fluid forces
(spring force can be included)

New mesh created
automatically each timestep as
always

Applications include wastegate,
reciprocating compressors,
valves, etc

R
Ve —meG

o :L‘I(ZM'B — iy xL(DB)

n Boundary
[] Has rotational axis
Axis: (1| (0.0 1.0 0.0
ID Color Name Region NamK
[ I
1 Boundary 1  Cylinder
2 WaL  Boundary 2 Cylinder
3 WaL| Boundary 3 Cylinder
4 oUt. Boundary4  Exhaust port
5 WAL| Boundary 5 Exhaust port
6 Boundary 6 Transfer port-1
7 Boundary 7 Transfer port-1
8 Boundary 8 Transfer port-2
9 mE | Boundary 9 Transfer port-2
10 RES Boundary 10 Booster port
11 & Boundary 11 Booster port
12  wa. Boundary 12 Dependent
13 [N Boundary 13 Dependent
14 (waAL  Boundary 14 Dependent

l

Copy ] ’,/‘ Edit Regions

](e]

Boundary Type: |WALL hd

—Velodity BUTdary Condition

Wall motion type: [FSI '] >

| Surface MOVETTENT T e
UDF | Law of wall -

Temperature Boundary Condition

I uor ) cowled [ Tao

513.0 K |:| Use file

Law of wall roughness parameters

Absolute roughness: 0.0 m

Roughness constant: 0.0

Turbulent Kinetic Energy (tke) Boundary Condition

IZero normal gradient (NE) ']

Turbulent Dissipation (eps) B dary Condition

[wall model -

[ @ oK H @ validate ]
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Repair your geometry more quickly

CONVERGE Studio: Surface Wrapper

» Surface wrapper: Repair geometries with significant surface defects

o After wrapping the geometry, apply various smoothing functions to ensure an
error-free geometry

—
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What is a Surface Wrapper?

The new surface wrapper in Studio can
drastically reduce the cleanup time for dirty
geometries.

A surface wrapper wraps a new surface around
the given geometry

Since the tool creates a new surface, problems
in the old surface do not carry over

The wrapping procedure should ideally be free
from intersections and non-manifold edges

@ Ci/cygwin/home/diee/dichb2-demo/dicb2.cvg - CONVERGE Studio . —y =)
File Edit View Geometry Pick Window Tools Help
DEe @ XsPw o R cEe FREA = @ % e )
eeeeee y &
pat
e [Lrepar ][ create | [ weaswe [ sed |
5 1
v Options |
]
V

ggwg/rsmm [_Aign | Pamm
2| (¥ Wrapping \ =
5

Base Grid Size: 1e-3

Additional refinement:

| @ Boxes by coordinates (©) Boxes by triangles

Refine box center:

Refine box deltas:

Additional Refinement Levell

N+ e aad aNT

Render refine boxes

[] Choose point to wrap from

[C] Wrap a single boundary

(] Smoothing

CRCAMEY

@ dicbz.cvg*
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Summary of Problems in the Model

* Intersection 3268
 Non-manifold edges 253
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Wrapping Results

@ 13 seconds

)\ Wrapped models have 0 errors

Original 35K Wrapped 270K

#2 CONVERGE
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Clean up your surface in less time

CONVERGE Studio: Polygonica

* Polygonica toolkit: With the appropriate Polygonica add-on, you can access

Polygonica geometry tools such as coarsening, Boolean operations, and healing
through the Geometry dock in CONVERGE Studio

Diagnosis

. e Problem Triangles
Problem Triangles 5 min L&S Of Intersections(0)
I Intersections(629) Nonmanifold Problems(0)
Nonmanifold Problems(0) Open Edges(0)
P Open Edges(304) Clea n u p Normal orientation(0)
Normal orientation(0) Isolated Tris(0)
|solated Tris(0)
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What is Polygonica ?

@ C/cygwin/home/dlee/generic-injector.cvg - CONVERGE Studio = |
File Edit View Geometry Pick Window Tools Help

BEaE Be X sEome —— JoeRmoEEe FRE S| ins @ % ooy ]
Geometry eod

51

e Polygonica is a solid modelling toolkit which
provides the user powerful tools for surface

HE

[Lmepar_] [ create | [ measure |[ seal |

[ wansform | [ Boundary | [ options |

Delete | Stith | Aign | Paich | Compress | Surface |

&
@ .| -
cleanup and preparation =1L |
* Solid healing — automatically close and repair i
solid models Q| [ e
* Fast boolean operations Ll T ——
* Solid simplifications — simplify very large I e——
geometries . —— o
¢ M Bounderys m
* The Polygonica toolkit requires a separate license = -
( ieal selected boundaries

@ )=
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Boolean Tools

&
xS . .
CQ\
3/
\Q?*

Original Union Intersection Section-cut

@ ~ 2 seconds

Resulting models have 0 errors




Summary of Problems in the Model

* Intersections 638

* Open edges 649
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Original Fixed/Healed

ooy 3/
L1

v Mé(?"v' X

/] .

R AN

@ ~ 2 seconds

)\ Resulting model has 0 errors




Original Fixed/Healed
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Original Fixed/Healed

=1 4 Different closing methods
are available
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Original Fixed/Healed
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Polygonica: Coarsening

e Reduces the number of triangles to reduce runtime and RAM
requirements

» Automatically closes the solid and tries to produce an error-free
model

* Additional options:
e Coarsen by Maximum number of triangles
e Coarsen by Maximum error

 -__-_—1 e
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Polygonica Healing and Coarsening

* These tools are very easy to use and produce high quality results
* They do not increase the triangle count like the surface wrapper

* Example: a gas turbine combustion client provided a dirty stl file with ~25
million surface triangles
* This would take a long time to repair manually
* The large triangle count would slow down Studio and use a lot of solver memory

* Polygonica healing and coarsening quickly repaired the geometry and
reduced the triangle count to ~500,000
* The case was running within a day
* The client was extremely impressed (*month to mesh in other tools)

 —-—_ %3 CONVERGE
@’ CFD SOFTWARE




Wrapping vs Polygonnica - Which Tool to Choose?

* The healing tool removes problems accurately without modifying the
shape of the geometry

* Also, the healing tool maintains small features. This is a problem if the
small features are a result of a usercerror.

* Wrapping can be a viable solution if the end goal is to run the
simulation without a lot of manual cleanup

 -__-_—1 e
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Creating local co-ordinates for easy spray
alignment

[Nozzle njector 0] configuration

Nozzle diameter: m
Nozzle length: |2e-05 | m

| Sauter mean diameter (SMD): |1e-20 | m
Initial drop distortion for TAB breakup: |0.0 |
Circular injection radius: m
Spray cone angle: 10.0 deg
Spray thickness for hollow cone sprays: | 10.0 | deg
Nozzle radial position: |0.0 | m
Nozzle axial position: |0.0 | m
Nozzle azimuthal position: |0 (1] | deg
Tilt angle in the xy plane: |0 (1] | deg
Tilt angle in the xz plane: |0.0 | deg
Coordinate of nozzle (x.y.z): [0.0 ] [0.0 ] [0.0 ]
Spray orientation vector (x.y.z): [1.0 ] [0.0 ] [0.0 ]
Coordinate System: [Spray o ]
Show spray cone _ @
Nozzle label color _ @

[E] Items from assigned template [ ﬁ Apply l I & OK l

CONVERGE
CFD SOFTWARE




Calculate engine work and IMEP from cylinder pressure data

CONVERGE Studio: Line Plotting (1/3)

& . CalcTlateWorK &)

The work is calculated usiF\g P*dV for the 180 degrees before and after the firing TDC. If a full 360 degrees worth of data does
not exist, the work will be calculated for whatever data does exist, with the starting and ending Crank Angles being
symmetrically located around TDC firing.

[ ] E ngi n e Wo rk ca I c u Iato r : Input {thermo.out file(s) from CONVERGE simulation): == Add | | $€ Remove | | %> Clear

File Start End Lines

Ca Icu Iate engi ne WO rk thermo_regio... |-440 840.06093 63619
and indicated mean
effective pressure

(IMEP) for engine
simulations oo 0355 s (o030 T3 (vt o v

|. ,,"‘ Calculate work |

Results: | Copy to clipboard |
# Cycle Work (N*m} CA_From CA To CA_Size IMEP (Pa)

1 1164.67 -179.967 179.963 359.929 2.2277%e+06

2 1057.81 599.931 840.061 240.13 2.0233%e+06
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CONVERGE Studio: Line Plotting (3/3)

* Apparent heat release rate (AHRR) calculator: Calculator updates allow you to
read pressure data from a specific range of crank angles, read gamma from a
specified file and column, and interpolate gamma and pressure between the

available data

3 bax e (P |

i | B
s

B H% @

|||||||||

¥ Parameters:
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THANK YOU!

CONVERGECFD.COM

Your True Partner for CAE.CFD

ICSC#2015

IDA) CAE
Conference \
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