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Geometry =150

Repair Create Measure Seal
Transform Boundary Options
[ | ==
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1 Triangle | Edge | Vertex | Copy = Shape | Projection | ¢ < |}
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Sphere Cylinder Box
Rectangle Circle Wankel
Torus Cooling Holes 3D Channel
Cone Origin:
i lo0 0.0 0.0
Include tip
Use Frustum
Frustum Ratio 0.33333
Direction:
ilo i 1
Height: 3.0
Vertical Layers: 20 |2

Specify inital step:

Width: 1.0

Conical Layers: 7~
Specify inital step:

Angular layers: 36 [+

Create
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MRFEE!EH: Mixing Plane MRF (1/3)

Pres. Inlet

upstream

KR REC ZEB(4500rpm)

downstream



MRFIEZIZH: Mixing Plane MRF (2/3)

Moving Transient Mixing Plane Method

velocity

1.000e+01
7.500e+00
5.000e+00
2.500e+00

0.000e+00



MRFIEZ &0#: Mixing Plane MRF (3/3)

& LNl RE KA ERIX a5
& & E(discrete interval
coupling)

@185 &t profileF b — EXAT (A B 37

@XM RERRIE, BLMATKERS
HZEHATIE,

¢ AL E—LRBE,

& HELEHMRF, BOHAIMRFZE
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mass flow(kg/s)

= moving-trans

= mrf w/o0 mixing

=== iteration1

= jteration2

=== jteration3
iteration4
iteration5
iteration6

= jteration7

0.05

0.1 0.15
time (seconds)

0.2
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Native BICGSTAB Z: 143K 235

€ Does not require building a matrix

& TR

€ Typically faster than HYPRE-BICGSTAB
interface due to less overhead

¢ BT HEPHED, BEIRTHYPRE-
BICGSTAB

€ OpenMPI threaded versions of SOR and
BICGSTAB

& F18IFOpenMPIX 5

€ Several advanced preconditioner options
created for BICGSTAB solver

& TINS5 preconditionerifEIR




PI1SO f&1E: Tightly Coupled Momentum

¢ FCRRIPISOTEF N HEIZ B taitt E—Fa)Epredictor step, ABFEREPiso
ANEBEFMBNELSR.

¢ KRBT IS EMENRE, X#HIER N IgES R KIAE mAE recover
(dt32BR)

@ FPISOEBNEEIN : ZEPISOEIAAN R EFITENE HTE

¢ WARESKMNSHEERE (SEREER) HEENRE



—
k Start time-step

L 4 /_
Update il values g X End PISO loop )

Calculate sub-model sources
Solve radiation if rad_enerey_scolve coupling =0

A 4

< Start PISO iterations )

h 4

Use strict
conserve on
transport?

lYes

- Solve momentum (predictor)
Solve pressure (first corrector) Solve density with Jacobi
Upditeimelocityi(fitstcorrector) Solve species and scalars with Jacobi

Solve radiation if rad_enerqly solve coupling =1
Solve energy with Jacobi

L 4

Solve density Update pressure ratio
Solve species and scalars Solve pressure
Solve radiation if rad energy solve coupling =1 Update velocity
Solve energy
Solve pressure v
Update pressure ratio Solve passives L
Update velocity

Use strict
conserve on

passives?

Yes

PISO
converged?

Solve passives
with Jacobi

Solve tutbulence d—l

< End time-step )
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& TESRYLEF, RFBABRESFIREER/N, R TIZPZIEERN
AE SN
O?EECJ%)NVERGB.OW%HE%E?&EP, Xdspray / film / CHTHITRSIEEHESK AR, Mitsp{EHAE
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HFBirkhold BFESCIGHI M RIGUE

@ Birkhold R EESCLG: Eﬂ%ﬂﬁﬁ M RIRSINBE, 12?“54\ 55 52k B8 N it
ITIREEREIRRIZITE, SR T RSN TGRS f%ﬁﬁﬁw

& [ERJSCHISBERIRERF, 1TERJIBIMA5.5K4852 25.6 K

Compute wall time (days) with and without frozen flow acceleration

0
—— With Frozen Flow
—— Without Frozen Flow (extrapolated)

Compute Time (days)
~ w

¥ dp_radius film_temp

Time (seconds)

1.000e-04
X 7.525e-05 g;g
5.050e-05 457

: — 2.575e-05
time = 6.690 seconds 378

1.000e-06 -
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RSM imitiEf!

M= EY: ECN SprayA

3 04 I8 NIRSM (ISR

= 7 Fuel Dodecane Dodecane
7I§;-::I:) Ambient Composition 0% 02 15% 02
Ambient Temperature 900 900
‘-L_|_ H—J-l Ej H]%ﬁij][l J‘:: = EE q: Ambient gas density 22.8 Kg/m?3 22.8 Kg/m3
Injection pressure 150Mpa 150Mpa
:I:EI jJ[l T7Fﬁ El]iﬁjlgjj—$£° Fuel Temperature 363K 363K
Nozzle diameter 90micron 90micron
= — £ o £  Injection duration 1.5 1.5
‘7_¥)\I)\J I]Jn\% 7|§H = EEH@* Mass injected 3.5mg 3.5mg

EEEERT



RSM [R5 11 5 1% ok it

* Nozzle embedding = embed scale 3
* Velocity AMR = embed scale 3
« Temperature AMR = embed scale 3 (reacting case only)

T ot W Number Of parcels
mal 500microns  4.0mm 128,000
350microns 2.8mm 350,000
1T 175microns T
R 250microns 2.0mm 512,000
il - 175microns  1.4mm 1,400,000




RSM IREITHE

Liquid Penetration Vapor Penetration

Spray Penet97 (mm)

20 60 i
QO SANDIA 4 R ant O cMT C
il ——— 500microns - 500microns
1 -~ 350microns 350microns
] / 250microns 250microns
/ 175microns 20 175microns
40
£
~=30
o |
o
=
20
10
O -
T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0.6 0.8 1.2 1.4 02 0.4 0.6 0.8 12 1.4 16

Time (mseconds)

Time (mseconds)
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YAML &= A ¥
& iELIgS
& THEBITHAEES (Python)#{TIES

¢ B S EARKRAENEEFRERE

& BERERINEEENT, ZHTOERBHIE

version: 3.0
filename: inputs
surface filename:
mechanism filename:
thermodynamic_filename:
simulation_control:
crank flag:
start time:
end time:
restart flag:
restart_number:
map flag:

check grid motion_ flag:

parallel scale:
load cye:
reread input:
random seed:
output_control:
twrite:
post:
interval:
transfer:
interval:
files:
interval:
restart:
interval:
screen_print level:
num restart files:
write map_flag:
wall output flag:
transfer flag:
mixing output flag:
species output_ flag:
oot e Flema Flaer-

surface.dat
mech.dat
therm.dat

false
=490 .0
180.0
false
0
false
0

—4
100
true
0

99909

10.0

0.0001

99909

J = =000 O
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¢ REXRZLEE

€ Argonne National Lab

¢ ENITERLEE

€ Oak Ridge National Lab

& S{CHA B R/ RERSLIGE

€ Lawrence Livermore National Lab
& LE R M SR I (FPEN)
& 45K (Intel)

@ ZfHEKX(NVIDIA)




CSI CONVERGEZX & FF & R M)

€ Always ask “Does it scale?”
& SRR ARIThEEscalable

€ Automate whenever possible

& TRIEEMIER TREXLIMETNRE

€ Always maintain a working version of the |
code |
® Often more difficult on the implementation step ‘
® Makes testing and debugging significantly easier

& SERGERF—DIFERE
& LSOl Bl % BN ME
& EiXEERFR AN A debugging ENNA 5

€ Whenever practical, keep code flow the same

¢ TRIITHYIBR T, REFRFIRHANRRENL,
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LEThRAS(2.4)ATFRIR

¢ S HIFYCONVERGERRASFH LA R mE(E B FITRREYE BFMEER T cpu L
& EBFE MU L BE—NEE NN

0%}%j(%’fi?ﬁﬂ%%ﬂi@ﬁ*&ﬂﬁ%%%E’\Jparallel blocks, RItEMZ EHFEE KWETEANEFHE

¢ JF100 M ZHATIHENRE, BEAFHEETE— T KE-A
¢ SJ1000MZFHITIHERRE, EERNF R e HY

@ XL aIIE3.0F B F| ZEE IR,



SMARMEFHE

H&REPEEIR T cpu, EEFFME/LAIATFEATF RIS scale.

48 Partitions 128 Partitions
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EF Mgy & (1/2)

¢ £ HICONVERGERRA(2.4), ItEE D XZE TBlocki#{T, BlockBIR~F
B LT E Mg — &
& 3T —Lembeding N Z R IR = K case Al BESEE 7T 0 i AN F 13
& N30 ERETIHE WISEITER 2B

* J‘ZWZ%EE?'U‘JEﬁﬂb&ﬁﬂﬂﬁﬂ%ﬁifmﬁﬂE"JEJZTETSIZ?%T, BNEERG - LLEmbeddingSkAMRINZE 2K
REAEE,

& TEB N cpu L FEFITIRAY 2R (parallel map)
& TETENFERE

& BENET AT K
* EEAPRERHFEELSH
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AR BT 187 (2/2)

Processor Block-based partitioning Cell-based partitioning

1

2
3
4

11346
46874
25057
19951

25684
24542
26332
24094

Cell-based

Block-based

juu
-----
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PBIREMERTIRT

Male Rotor Angle = 1080°
400 A

385

370
355

& EEXSRIZITHRENObject oriented focus giéﬁ
& Escalability "
& ZHMPI/Threading >z y
® N EERL Q
& XE1LE F(Vectorized operators)
& EAPRIENIFTTNERI R E1E

& 12HUDFZ A4
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ABIZERXF

@ Post, restart, F1 map X HF AHDFHE X 7 6E
¢ XEHPCU FRFRERR, 1E8EMscalability g ALGIE

¢ NERVERNHDFS T EREE/RIBIX L ZiHH R XM
(map/restart/post)

¢ IAZHEWETE, FEFEEpost_convertiZ/E

& T AEEIT—LEMPI 1/0 BIF AL EA 1L RE



7 a ezl X

¢ 5T UDF APIFHE

& Bt T ERXTRAPI

& X FADoxygentiAEE TR F AR
¢ & TUDFEAEBRY AlEEE

& ETHAME (EmEERED)

& WHIBEWMNE FHIT T TEME

® XL MYRIEIES (Fortran, Python)

Crank angle =-180.0°
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& JiTiER « TisaphmmEn
& ML 608

& B MIRE2500R M P EBMN
=LY IBES e

& B {E R PR 24 f 21 60 0B

\_l_/rfr-ﬂ?JT_jJD \EE 600 CG”S/COI’G
T &1V /HE

2500 cells/core
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