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Introduction & Qutline

* The benefits of autonomous meshing and coupled flow and chemistry in
CONVERGE are well recognized in the internal combustion engine

community (N¥AFL: B a4 MRS, ARl sON BF &)

* This presentation focuses on the recently released functionalities in
CONVERGE v3.0 that are beneficial in the following applications:
- Electric motors (HiA1)
- Biomedical flows ( A ¥Rz
- Burners ( JAKEZS)
- Valves C(I&[])
- Gas turbines CBRVRESHL)
- Engine aftertreatment ( BN ALFE)
- Pumps and compressors (ZZFNE4EH])
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What’s New in CONVERGE v3.0?

* RAM requirements in line with HPC hardware (754 WAF)
- RAM for 10M+ surface elements
- RAM savings up to 2.5 times less than v2.4, allows 100’s of millions of cells

* Cell based load balancing (&M% B 91 2 P47

- Allows good load balance for all solution meshes, even with lots of
embedding

* Better scalability (FEIFHIATH REME)

- Scalability to 1k cells/core

TK
3000
2700
2400
2100
1800
1500
1200

900

600

300

* Pressure-based solver and SIMPLE solver for steady-state and
aftertreatment

« Direct import of native CAD with Spatial (7] Ei 4% ACADFEHI ) L~
e Inlaid grids CZEHR M)
* Fixed flow C(H.[AJFEE BN
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Electric Motors (&##1) :
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Electric Motor Cooling Simulation Needs

e Rotor-stator gap is often difficult ¢ Thermal simulations are not

to mesh with other tools accurate, particularly in cases
with oil cooling
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Table-3.2 Loss Distribution in Novel 6/4 FSPM Machine XA i X £
Copper loss (winding) [W] 126 % ;
Stator part 1 iron loss [W] 56 A
Stator part 2 iron loss [W] 112 |
Rotor iron loss [W] 84 B
Magnet eddy current loss [W] 129
Windage loss [W] 36
Total loss [W] 543
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Inlaid Mesh For Simple Rotor-Stator Gap
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Motor Simulation Cell-Based Load Balancing

e 2M cells on 72 Cores
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Biomedical (4EE%) :

Internal carotid artery
External carotid artery
Carotid sinus

Common carotid artery
Aortic arch
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Biomedical Simulation Needs ( '%LZ?ﬁijJ)

 Geometries from magnetic resonance (MR) or
computed tomography (CT) scans are challenging
to mesh with high quality elements, even if
geometry is assumed to be stationary

VALEN-SENDSTAD et al.

* Flow regimes range from unsteady laminar to
transitional/weakly turbulent()Z /i B 55 Ui )

* Accurate prediction of shear stress at vessel walls
and within the vessel cross section are vital for
blood damage (hemolysis), plaque growth
(atherosclerosis) and aneurysm rupture

predictions &I, ZNPkEELL, ZHKIE)
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Q’ CFD SOFTWARE




14

(

on

ibut

ISTr

Vessel Shear Stress D

attachement

Re

_l_

_I_
T

I

P e =

RN RN i o

EaERroRNERToREER B

e SIMACN RIS m
Sz mwmwmm

— 0.45

| 04
| 035

1 0.3

LTI

T Tl

Internal Carotid artery

Carotid bifurcation

External Carotid artery

Separation

Free

Common Carotid artery

T
[ T

I

IR

Stream

c
2 B
=) ol
© H
S t |
© o
o HT
Q
Yy
it
S et
it £ ISR meses
R
SSMECeiEEsasEReREn:
o e e O £
Wi
M

e

T A

||
I

A . O = = A

I A == ==

|

T

HH T T T T B B [T [T

I I

_1'_1

HH
N

Velocity Contour and Flow Separation/Attachment

— CONVERGE-no-inlaidmesh-2.7Mcell

CONVERGE-no-inlaidmesh-7M cell
= CONVERGE-inlaidmesh-0.9M cell

=B Buchmann(2014)-inlaid-mesh-2.5M cell
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Shear Stress Prediction Along Internal Carotid Artery Wall
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Burners (JRJ)23%)
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Burner Simulation (JRBs 288401

* Non-premixed burners include a wide range of important length scales
that must be captured for accurate flame/emissions predictions

Burner Radius R = 43.5 mm 08—
Stagmg . e 1 ’ -/ N 762.0 mm
Exhaust Duct '
Gas SRR : : N
= = P
Lk  Burner Quarl .. Concal £/ 00mmio O
k) gl = umace Hood & ' - 381.0 mm
J:/_:C Flue Gas —> ‘
e il YL :
% A o e
5 Swirling - : 20‘ Bipisiill &
/% }J}E:I: _& Combustion —b 133R R
Air ! 121R 3
e 24 Gas Injection Holes LR,
= atura Each @ 1.8 mm Dia. R >
iﬁjﬁ _[4 Gas -'-’ L 'f',{l 1651.0
Axial Location of 0. ss R, - ;
Swirlblock Calibration Port
/ — |<— 6.0mm 5
Burner Axis ———————————— 195 mm L 9
Measurement Traverse Stations L - \
Located from the Quarl Exit
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Figure2 IFRF 300kw Swirl-stabilized Natural Gas Burner
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Burner Simulation Cell-Based Load Balancing
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Valves (&) :
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Valve Simulation Needs
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Crank Angle = 30° _ u H_;_\.;JJ.;JILE §
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Beam Model for Reed Valves (H T3 5 IR
ST AR TR )

* The beam deflection model treats the structure as a one-dimensional
beam, discretized via the finite element method

- Two nodes make up each finite element and each node has two degrees of

freedom: dlsplacement w, and rotatlon 0 s
Type Name Boundaries | Parameters | Contact model | Monitor points
+ [ ] varbl ropertes :
Length: | 0.0
b.(x)
Height: 0.0
Z

\\\\\\\\\\\\\ ARTABLI

eam B |o 0.0

eam o i) |o. 0.0

eam i ) |o 0.0

umbel CANTILEVE
Exters

Type:

Value:

O O
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Reciprocating Compressor with Reed Valves

(CH T3 E B 4adL 3 R 1R

* “Modeling a Reciprocating Compressor Using a Two-Way Coupled Fluid and Solid Solver with Automatic Grid Generation
and Adaptive Mesh Refinement”, 24t International Compressor Englneerlng Conference at Purdue JuIy 9-12, 2018

Crank Angle = 30° | . °¢| Hastigdfiaeo Asrme -~ Hesstigd e An
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ABAQUS/CONVERGE FSI Coupling

* Allows 3-D deformation in the calculation (co-simulation)

-80.00 -48.00 -16.00 16.00 48.00 80.00

0.00 s

anTuln]nhMu nnnn| MIM e ‘ Ly L,

Displacement

@' vc=RGE
Y CFD SOFTWARE

Tip Defiection




Gas Turbines, Scramjets, RDEs CBAS#4L,
R E R WUR S RZHL)

Time = 0.00150012

72 CONVERGE
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VOF Simulations

Jet in a Crossflow Time = 0.0000 s Pressure-Swirl Atomizer (& JJEiZ4L4%)
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Microturbine Range Extenders

P32~ F- 2201 4%

* Range extenders are combustion

HK Motors (China) §

engines that generate electricity e T B
to C h ad rge batte r‘| es Next generati'on Li-ion battery pack
Energy capacity 50kW/h; Power 500kW

* Advantages over piston engines
Higher power to weight ratio

Lower emissions ({KFHERD

= No need for aftertreatment ——

Better fuel flexibility (A% RIE)

» Gasoline, diesel, H,, LPG, etc.

Lower maintenance (fKZE3)

= Fewer moving parts

F CONVERGE
Q’ CFD SOFTWARE




Microturbine model

* 4 bar pressure * Reverse flow combustor
* 800K preheat (recuperator)  *Radial compressor
* Gasoline fuel (@=0.3) * Axial turbine

Turbine

Compressor
Stators

Adapted with permission by Saeid Mirshahidi gi: CONVERGE
https://grabcad.com/library/kj-66-rc-turbojet-engine-1 p CFD SOFTWARE
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Proceedings of ASME Turbo Expo 2019: Turbomachinery Technical Conference and Exposition
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MULTIDIMENSIONAL NUMERICAL SIMULATIONS OF REACTING FLOW IN A NON-

WP

PREMIXED ROTATING DETONATION ENGINE

* Rotating Detonation Engines (RDE)’s are ...

Energy Systems Division. Argonne
National Laboratory, Lemont, IL. USA

Low cost, efficient, scalable, fuel flexible, reliable

» AFRL RDE Combustor Validation

Brent A. Rankin
Air Force Research Laboratory. Wright-

Hydrogen/Air non-premixed P o e Do OB

. . Sibendu Som
Super-sonic combustion wave i A

Exhaust Exhaust

YN centerBod o] 4——— Outer Body
11 Capillary Tube =0 N S N N e
Attenu%e#\i;essure E: N I NBS Detonation Channel
- N N N
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=t ANOOOLOOLRY OO [ —— | -
Pressure Transducers | —= [ N ) N ATPIHFP: Slot CUt SeCtlon
(LFPT) — N ir Injection Slo
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Fuel Plenum
73 4
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NN j.:\:,"__ ___ N AR

T~?,}\LJ—{T N N NN
+ ' *4— LFPT f— LFPT

Fuel Air Fuel

Infinite Tube Pressure (ITF)
High Frequency Pressure Transducer (HFPT)

FueI Ports

ITP HFPT
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RDE Results and Next Steps

200
190 S tininer - Hydrocarbon fuels

8o} ~-—e-.~. Case 1 (simulation) - Investigate liquid/shock

- = Case 2 (experiment)
& 170F a —-—i=-—. Case 2 (simulation) effects

- Mesh and solver effects
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HiFlRE Scramjet ( Eﬁm;ql,fﬁ‘ﬁ*ﬁﬂ)&lmwCAE/MBDTﬁzﬂiﬁé\

® Air, ~85 kPa, 725K, M=2.51 (Mach 6.5 flight conditions)
e “Dual-Mode” - partially supersonic combustion

®Fuel: Ethylene (64% &)%) - Methane (36% R )

120,000
i 1000 pst |
100,000 - Combustor
Shraud
Daploymant Scramjet Isolator
o “r Shroud Forebody
E 80,000
E Objaclive Tast Window
M=55-85
q=1000 - 3000 psi
Thrashold Tast Window
60,000 | 3000 oot M C 6D BD Nozzle
= q = 1000 - 3000 psi
3 0 0 [ O T T S T U T E U E T

5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 g.0

Mach Mumber

3 CONVERGE
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Initial Scramjet Results: Ignition (/& 4K)

CMEAN: 0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3

VEL_MAG: 100 2375 375 6125 650 7875 925 10625 1200
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Engine Aftertreatment (R3hHLE4AHE)

Urea_risk_indicator

1.0006+000 =
7 .500e-001
5.000e-001 |
2.500e-001
0.000e+000
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Fixed Flow/Combine Parcels for Accelerated AT Simulations

CHLIIURG 5 ARL 5~ 5 RN 5 AL BETH 50

* Take advantage of the flow similarity between spray pulses Simulation time per day
- When fixed flow is activated: on commercial geometries
= Mass, momentum, species, turbulence are no longer solved Approach Simulated | Simulated
= Most recent values of velocity, species, turbulence prevail Time

= Energy conservation and spray/film continues to be solved Before
= Very large dt can be used with no stability concerns
= Solver runs very fast (dramatically reduced workload)

. . Molten 10 s/day 30 s/day
* When modeling many spray pulses, the number of film Solid
parcels becomes very large, and tracking effort becomes very _
large Detailed 1 s/day 30 s/day

: : : Decomposition
- When combine parcels is activated: P

= Combine large numbers of film parcels for reduced runtime and RAM
= Preserves the net mass, species composition, and energy of the film
= Provides a mechanism to mix the contents of old and new parcels

= CONVERGE
29 &7 CFD SOFTWARE
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j:l_i' % ﬂé Y}E PAPER SERIES 2006-01-0643 t AK\

Validating Fixed Flow: Birkhold | wesecnenengusmesome
Modeling of Two-Phase Flow and
Spray/Wall-Interaction

Felix Birkhold, Ulrich Meingast and Peter Wassermann
Robert Bosch GmbH

Olaf Deutschmann
Institute for Chemical Technology and Polymer Chemistry, University of Karlsruhe

30 m/s 31° 400 ' , : r r ,
L... 46 mm . Experiment#1 X
. 350 Dry Wall Cooling Simul_ation #1 ——
% Ts : D@ Edelstahlplatte, 2 mm S’i %fr%e?ar{:ggt z g ) _E! )
—> 20 mm 46 mm o 300 u
R T o T T e e e AL i T o B S e T T T e e e o o e e e e S (U, :
70 g ]
mim O .
- ) 0.2 mm g- 200 + TeTp Final
/,___ — [ (T*) Temperature
k PC gﬂ 150
AD-
- Wandler 100 » FOTOTOTOTOTOTOTOTO
50 —

Abbildung 5.12: Aufbau zur Temperaturmessung bei der Spraykiithlung

0 20 40 60 80 100 120 140
Time [s]
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Temperature (K)

V. 20194E DA [E CAE/MBDH AR K2

Validating Fixed Flow

Experiment &4 ——  Experiment B ——

Experiment C —a—

60 E T T

200

Experiment —— CONVERGE ——— COMVERGE A —— COMVERGE B COMVERGE C ——
Filming Condition Non-Filming Condition | |
650 T T T T 660 T T T :I' | T
: . . : : : . . . P 656 - A Il.K-Ii T
600 -
640
550 - o
v 620
500 - 2
[is]
3
450 : 2 600
o
'_ N
400 B 580
350 A AR T i ok e nai : : :
N N N N N 560 I I I
300 i i i i i i 0 50 100 150
0 20 40 5]0] 80 100 120 140

Simulation Time (seconds)
Sirmulation Time (seconds)

* Birkhold et al. reduced metal specific heat by 150 times; stretched time axis from 11/5 to 200 seconds

e Our simulation (right) solves 200 seconds of physical time

— Every spray pulse (200 X 2 Hz = 400 pulses), of duration 0.2 seconds is resolved
— Resolve transient temperature history

SAE 2006-01-0643

F CONVERGE
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Optimization of Urea/SCR Mixer Design
(SCRIRZ VR & A KA 111

CONVERGE CFD and ESTECO’s modeFRONTIER optimization

* Diesel Emissions Fluid injection (DEF)
- Atomization, evaporation, thermal decomposition, hydrolysiss s
- Final reducing agent -> Ammonia (NH3) .

» Key design considerations for Urea/SCR systems
- Reductant uniformity into catalyst -> Efficient NOx conversion
- Minimal pressure drop for optimum engine performance
- Urea dosage, ammonia slip

Role of urea mixers
- Urea decomposition -> Mix, break and help evaporate
- Great influence on flow characteristics, SCR performance/NOx conversion

@ & CONVERGE
4 Q’ CFD SOFTWARE




Urea/SCR Case

' Urea decomposing ! Hydrolysis of

Nozzle . Water evaporating o i (solid to gas) i HNCO
. ® O o - Ammonia (NH3)

Water evaporated
Only urea left

Iso-cyanic acid (HNCO) Ammonia (NH3)

Flapper-type urea mixer

* SCR catalyst brick
— Surface chemistry
— Porous model
— Trap parcels

2 CONVERGE
B’ CFD SOFTWARE
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Automated Surface and Mesh Generation

CEEIPIREEIR L3NS,

 Automate generation of surface files

- Vertex locations of selected boundaries updated within surface file
- Quick generation through user terminal

* Automated meshing in CONVERGE — -
- Cartesian cut-cell approach ‘ I ‘.'
- Preserve original volume |.| . e e
- Well suited for moving/changing surfaces | 'ul ' Em

- Update surface file only

* Refinement strategies
- Fixed embedding
- Adaptive mesh refinement (runtime)

6’/ & CONVERGE
4 Q’ CFD SOFTWARE
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Optimization Results QAR

* Two mixer blade .
orientations v | v
SCR Entry
— Orntl ~
— 0Ornt2

* Uniformity at SCR Inlet
— Orntl GOOD
— Ornt2 POOR

e NOx reduction in SCR

— Lack of NH3 ->
Poor NOx conversion

SCR Entry

<

e CONVERGE
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Pumps and Compressors (RHMELHL :

o
o

lﬂﬁ!%
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Scroll Compressor C g E4aH1)

l | I
a1

Across all speeds, the

7 Ps3bar, Pd=15bar, 3000rpm | | I Ps=3bar, Pd=15bar, 5000rpm || Ps= 3bar, Pd=15bar, 7000rpm 7 overall amplitude and
154 frequency of the
sl I _ 1l | discharge pressure
5 M M / \/\ / / ’“"\ //"" \\ pulsation is well
o Ay, AV, ™ N .
S st ‘\,\’V\f ‘\,\N\/ N \ /\' .Y NV \| predicted by the CFD
@ / ==
& had Il model
14.87 1r 1r 1
1461
0 1 éO 2;10 SEISO 4éO 660 0 1 éO 2:10 SéO 4E'§0 660 0 1 éO 24;0 SéO 4530 6(I)0 720
Orbit Angle [deg] Orbit Angle [de Orbit Angle [deg]

= CONVERGE

&) CFD SOFTWARE




V. 20194E DA [E CAE/MBDH AR K2

° ° 5.0 ‘ ‘ - ‘
Rolling Piston Compressor
4.0
= |
=3
23071
BLADE 2 ||
o
&o0f
COMPRESSOR < 5
\, ‘ SHAFT . o
107 r
K | e —————
ROLLING 0.0
PISTON

= Good agreement with experimental data
= Experiment
= CONVERGE CFD

o
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5500 RPM 8600 RPM
40
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1111111 03 14400165403 =
2
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o
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I’ £
]
=
I [&]
a5 10
0.0
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Chamber Volume [cc]
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Conclusions (ZE18)

* The enhanced capabilities in
CONVERGE v3.0

- Improved Scaling CRJ P~ FEE)
- Improved memory usage (f&XIA
1%)
- Inlaid mesh CEEHRIFS)
- Fixed flow (HLIIFHE)
o DL _V3.00IX L Edt+ B B RS AR
fif, ¥ CONVERGER] LA FH7E P9 R
ML LA ) 25 A 4
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