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® Qpals

» Uze BE methods & tools to
perferm extensive DSE an
CMT-nek design space

#  Perform trace-driven slmulatlons
to aptimize CAT-nek .
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performance on HPC systems
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= Early DSE to enhance CMT-nek performance

on future exaszcale systems
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UFecsion. CMT-nek Alternate Algorithms

*  Explore accuracy vs execubion time trace-

cff of alternete slgorithms far portions of
ChT-n=k [particles phasa)

*  Time Integretion - solve differential
equationsto calculate particle propertes

* lterative DSE steps:

& |dentify DSE candidates - maost
exaensive subrautines and promising
architectures

~ Bulld BE Models for algarithms and
architecture

~ Lise BE to predict performance
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Urricsinn BE-SST: Predictions on Vulcan

-
Urecsss Mativation & Approach: CMT-nek DSE
* Motivation: Very large design sl T .
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= ChT-rex provides various PP - R aa
algorithml< and parametric aptlons =" i vl s
¥ DSE helps In rapid perfarmance L s Cther o
evaluation of these aptions on future S qunm; S
exascale systems R e T

*  Performance of algarthms vary

#  MNar-lnearly vk, rlesnenrssireiily and elesnenss-per-processoriaei
# dinrarly vt pacticlesfandpaintim)

* bdf time integration provides 3x spesdup over rk3

*  Reduced barycantric interpoiation provides 54 speedup

*  Tri-linearintsrpolation provides 164x speedup
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UFrceioh. Trace-driven Simulation: Particle-distribution tool

* CrAT-nek Particle-zalwear:

#  Winrkaad per proocssor depends nn
particles
A particlesarocessor 15 dynamic -
VAries:
IOt PSS Y
+ atecack smsstep
*  PFarticle-distribution toal;

# Imput: trare-data pantaining partcle-
Eo-glemment mapping & time-step

# particles

# Dulpul:

# & particlss rescing meach rank-
camportatianal workiood

# & particles movrs across eachrank —
camiaanloriion karktaog’

* Porlicle movemant i irdeperdent on
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UFecsiin: papticle-distribution tool: Results
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WP Uncertainty Quantification of Shock Tubes

Brad Durant — _-
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Department: Mechanical ' :
Engineering, UF E
s Goals i
» Reproduce messurameant
processing from Sandiz shack

tubs to identify cources of
uncErlainky

¢ Propagate identitied sources of

unrartainty from experiments
intasimulations

Harabme  GoF -Demdmign
e L ]

# Simulation roadmap
= Ta:Force coupling
#  T&: Particl==particie interaction

Smouigticon Ropdmop

CCMT
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Urisis B Workflow - Experiment Worksheet

= Experimental input

— Shack properties, particle properties, curtain propertias, ..
* Input uncertainty

- Quantified uncertainties in 2l the above
* Prediction metrics

Fh1: Shock position, PR 2: Upstream and downsiream curtain

* Uncertainty & error quantification (UQ)

— Errarin FML and FM2Z obtained fram Schlieren

— Errarin ¥-ray image particle volume fraction
* Uncertainty & error reduction (LR}

— Perform new experimeants without spanwise gap

- Impraved measurement Lo redude valume fraction error

UF [FLORIDA

UFrcsi: Motivation

w [0 study dynamics of densaly packed partices influence explesive process
® To observe shock-partide interactions in dense gas-solid flows

s Upskream and downstream particle frant posibons are quanbties of

inberast
XK1
Expariments of Parlick Curtain
Tustin Wegrer Text Saction a
=iy |y i

Curtain thickness
after impect

Ciaphregim
Driver Sedian

Initizl curmain thickness of
2 mm &t =]

0 W 21
Fromt Pasitine [mm)
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Ui B Workflow Simulation Worksheet

= Neglected physics and features

— Particle curtain gap, initial particle velocily, non-sphernicity, ...

= Discretization error quantification

— Fimite 4k, finite AL, finite number of computational particles
* Uncertainty quantification (U]

— Run 18,000 1D simulations by varying random initial particle locatian,
varying =hack, particle and curlain properties

= Uncertainty reduction effarts (UR)

— Perform 20 & 30D =imulations

* Model form and parameter improvement (MI}
— Sensitivity analysis of force coupling models (TE)
— Sensitivity analysls of particle-particle Interactlon madel |T4)

UFecscs summary and Future Work

» Implement Dakota for large production runs of Sandia
shock tube

o Additional 10 simulation runs to determine response
to identified uncertainties to determine sensitivity of

farce coupling model|
s Carry out model improverment based on sensitivity
analysis

# Consideration for 20 simulations by accounting far

variation of quantities of interest through the vertical
direction

¢ Carry out limited 3D simulations based on inputs from
1D and 2D simulations and error analysis
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UFecscs particles Departure from Axisymmetry

Maria Giselle Fernandez

acvisor: Dr. Raphael T. Haftka and
Or. 5. Balachardar

Department; Mechanical and
Aerospace, UF

= (oals

= Deterrnine what initia®

perturbation in particles leads
a the maximum departure
Tam axisymmetry

@ Simulation roadrap

~ ollabaration with UB and

Wacroscale teams stucying
partlcles departure from

axisymmetry

Simuizticn Ropdmop
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UFecics parametrization of Initial PVF Perturbation

P} = -.rpﬂ |1 + 45 ::n'-:[.l'fl-!'i'] + As cos{kaff + )+ Az onsileo ) + @50
-_.-.. .--_____._. '-.____ _"-.,__ -l- .-;-"_ .__.-'-'_- .______-T'_______-

_-_-
7 e
- e

-8, -
3 - "-.___. -=
R .
— "-.___
'-.__-:'.__-\\ ._._.-'___.-:_-
-.-l- | .-. -- o
T e

VWAVENLIMEESr Aamplitude Fhase =hift

Farticle Volume g
Fraction (FVF) Base PVF

0 =4

SR A ) Ea S S5
||': - 'E' ] .-|._." .-._." .-. _." L "._.- 5

k - E -.I. - -.Il .-'Il lI-.' l' ll-.'-.llll-.'lll.'lll.l.
k=15 -.'I-.I.-I.ll' '-.”-.IIII-. I.".l

Wrecioy amplification factors and volume contours

i= ﬂ' t= 5'[JDIJ$
5.0 T _11 F,}
45 i _f-','} p*l—ﬂ :'uﬁ-,
i [ Ao, b =D, T2 T.0.033,0.048)
' k- K =3 1T 18]
Pfge i) =— L1165 2775
i
Ly A
-::13'3 G 3
E 2,3 -
w2 FE £ 2
b e
a0 N
L35 =[J = ErDElua
1.1 - {.‘_’/J}
£1.4 : : : : : : :
K 4 11l 15 20 24 Al 24 [.n. _|!|.,=I,'.'|,:l]=.:|:|_'_'||:||3..|'_'|_|'_;-|:|:3ll'- 141)
Effective k -:k-.i-fh»_}ﬁ[z:aﬁ.:_ﬂ.ﬁzi
ComaT a0y = (3257, 547
. :

UF [FLORIDA

E——
UFidsion: Questions

m \What is a good metric of departure from axisymmetry?

» Differance betwaen the volumes
of partides in the sedor with mast
particles and the one wath least

Earhorsth
l=am: pancles .
at timet “--.. SEChoreEn
rast pamclhas
Al frme |
Computanonai dzimain

= Which initial disturbances amplify most the departure?

Ly Muldmadal initial perturbatons in particke valumse

2) Surrogabe models < mare than 2,500 simulation already ran
19,113,600 core hours)

3y Opbmization

COMT
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U Amplification of Departure from Axisymmetry

The amplification factor ¢ is the ratio betwaan
the difference of the sector with most particles

andthe one with least attim= [ and the same
differe=nce at initial time= |',:I

|

e [V — Mind [F{A, L)
Mie [ P8, ) ) — Min 08, 0,0

o(r]

where [ is the velume of particles in the
sector B at time |

Computational domain is divided in

as many sectars as o=lls in d

CCMT
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UFecscs summary and Future Work

& [nitial 2530 runs show large spread inamplification of departure
fram axisymmelry

# The future and main goal is optimization in 7 variables ta find the
initial disturbance producing maximum departure from
axisymmetry

» We have obtained encouraging results using multi-fidelity
surrogate models. This will allow a reduced cost aptimization

e ‘We are finding interesting interactions between the modes
impased as a perturbation in the particle volume fraction at initial

time

CCMT



CCMT

Center for Compressible Multiphase Turbulence

Urecss: cMT-bone on KNL and DVFS based Systems

Mohamed Gadou
aovisor: Prof. Sanjay Ranka
Department: CISE, UF
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s Goals i
¢ Multiobjective Optimization of | [eoadn - e
CMT-bone on OWFS based wn | fmmon | lomogen b
hvtricl Systems 1
¢ Parafrmance optimization of “
CRAT-oone an Inta| KML !
= Simulation roadmap _ i]

2ur research roadmagp is
clasely lied with CMT-nek
devalanment.

Simuizticn Ropdmop
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UFecs: Rasults

G0

gl farcts ot mal Curvg

&K Estlirmated Parato Optimal Cunve

40

Arxl

Pomat Coasean o (ehimis)

L]
0= a.r5 1 L.2=
Ruring Time [S=conds)

s Pareto Optimal Curve for Power Versus Time

COMT
R

UF [FLORIDA

E——
UFicsion. potivation

»  Developing model far Optimizing CMT-0one on DEVS based hvbrid
syelems

# Performance Energy tradeofts for CMT-bone on hybrid systems

» [Exploring a wide variety of architectural configurations consisting
af a variable number of GPUs and CPU cores in addition to variable
cores frequencias in terms of peformance, energy and power

requirements

» Dptimization of CMT-bane on Intel Knights Landing processars
[KNL]

UFicsio:. pagults
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# Intel KML performance is comparable to GPU performance and better

than regular mufticore processors
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tracssy Eglin Explosive Barrel Ejection Simulations

s = -mmE o mm
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Advisor: Dr. 5. Balachandar ey AT R R |
Department: MAE, UF ' '

s Goals

b Simulate trajectory of 1, 9 and
many particle configurations

Joshua Garno

Sirnulate dispersal of 0.5g
pack=t of particl=s

F validateRaocflu models
goveming particle motion

& Simulation roadma p

+  HAesl Gas
cL-AUsh+UP
2 Smouigticon Ropdmop
« Improved Forcess
= Heactive Bum
CCMT
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Uiy potivation — Eglin Microscale Experiments

s Wty h=nds

Front ukayw afihc
cXplosue asssimbdy,

Parici=s are 2 mm
bng¥ien alkoy spheres
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Three repeated single particle shots
CCMT performed at Eglin AFB.
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with uncertainky .l
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Repctive Burn celonabion Urmes 3,
s The filed band sulfnes the max ard rrin e
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Aeq = 1304 kgfm? YUE L e _h oW W m
FCMT Capsimental panalc maj oo compaied sicth simd e aapa

- TR ;

UF [FLORIDA

PPt M otivation — Eglin Microscale Experiments
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UFecsny Results

_IHH'EFt;_EIEIt m Exparmental uncertzinbes are analvzed to obbain a2 Design of Simulabions

= I = Uncertaim inouts indlude particks diameter, partice density, and
explosive densily

Design of . = : .

Eilalod s Syiteof 5% 3 x 5 = 125 snulabons
i - ® Simulation Setup

CadelGavn. Egns Initial Sandition ({ul] Particle
Eutar-Lagrangs SxcioeEye Le-10-1 = WL = NRG
+  BEular Egualiars =eachivs Bum (RB) = Cna-azy cougled
arafia

Lardlz e

ey

LT

Dot = d necbsmmeards Bzordery

COMT Sirmmimhnn Bscina whenihe delionation save machasthe sl af she ezplasve

UFEcEs:. Summary

s Summary - Eglin Mxroscale Experiments

Hg stk X
s Compile data from suite of 125 simulations '%;;'
for Unpartainty Quantification Analysis .
= Simulate ring and grid of parfices awwramias. LY

= Future work — Eglin Mesoscale Experiments
m Smulate dieparsal of 0.5 g packat of tungsten particles

m Particke diameter, d, = 112.5 um

=1 O OIES LLE EE G
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W Macroscale Explosive Dispersal of Particles dPest: Experimental Setup - AFRL Blastpad
A T ST e m  Instumentation suite at Cglin AFS consistmg of 294 - m
Wil Huhing = '-‘_':II“ 5 i = ground pressure trarsducers, 6 optical linear encoders, B Ty - -
Advisar: Prof. Kim, Balachandar, and [ [ E—-—- urconfined rmarmentum waps, and 4 high-spesd cemerss
Haftka S

i
i

Phartarn 711 sampled at 7500 tos (Camera 2/'3)

- =

2 i +
s Phantom 1202 sampled st 12000 fps [Carnera 1/4) and MR =
| 5 ¥
m  Six tests totml performed f N

Cepartment: Mechanical and Aerospace u
Engineering, UF

s Goals

Perform forensic uncertzinty

i

FiEE Kl

quantification of past =xperiments o
inform futurs experiments

- Design welidaticn experiments to meest f
simulstion sssumptions and

CApERI R Simulation Roadmap : PO %
# Parform wncertainty guantifizcation of a ' T ey
validation pxperimeants AR e R

= Slmulatlon roadmag , O rte

w e expenments performad at LAML
and Eglin AFR ta simulations using

COMAT uncertainty quantification COMT g™
| 1 |
- a— =t
UF Fuosiss = . UF FLosiss g g
Test Article Casing and Geometry High Speed Imagery — Camera 1
»  Case fracture may be o possible mechamism for jetting » '
instability [Zhang et al. 2001, Xu =t al, 2013]
s {as= inAuence was mnsmized by using thin phenalic tubing 0.0
grid notctas ko etbermet o conteed the casing failure
® The rato of the mess of the parddes te the mass of the
charge (M/C] = oriticad to formaton of instabiliges.
Likersbure revew (Frost Zhang) sogoests M/C = 10015
resconakle 1.67ms
» Bare charge geometry i= chosen 1o match legacy blastped i :
data [increasas sample size by twe for bare charge) Top wew aof nomched cazirg
| st fiper)
Do res lores B8 IT
ZAZmE
] 16T me
Camp B Bare charge Chargew! 15-40 um Tharga w! 75-125 1 :
CERAT (™as= = 4.1 ka) bungsten partides (M = 10) gl particdes [MUC = £3) CCMT Bare Charge Tungsien Liner Steel Lines
T 4 |4
Tk | e T |

UF i High Speed Imagery — Camera 3 Shock Location Analysis

Cameras 1 & 4 shock
facations are biased at

0.0 s
tha cantar-plane
M
1.60ms ' - —
CHimers Camers 3 Camenad
Camera 3 at 1060 ms after detarafisn saowing Bae diferig resubts for shack costion
.-.' == Tmmm. ui
. L ELETL et
e g T i ¥
_ _ E*| | o rvoma
Redunclant diegnostics show data to be 5 | st
in close agresiment A
= .|
‘.1'
5.60ms , ._j,f
:"""'?..I
-l.- |-.i ] :: N . o |
CCAT Bare Charge Tungsben Laner Steel Lines CCAMT Rowhed 1)
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Uiy Macroscale Explosive Dispersal of Particles

Kyla Hughes

Advisor: Prof. kim, Balachandar, and
Haftka

Cepartment: Mechanical and Aerospace Ii :
Engineering, UF :
= Goals

+  Perform forensic uncertzinty ﬂ
quantification of past =xperiments o “
inform futurs experiments

o m e e m e w m e mwE B _-__...___.__

L I.“f.ﬂj Lru}ﬂ.'z F!-:“;""-“' li'jlﬂﬂli "-.""I'-' T

- Design velidaticn experiments to mest | i] —
simulstion assumptions and
capabilities

# Parform wncertainty guantifizcation of
validation pxperimeants

= Slmulatlon roadmap

w e expenments performad at LAML
and Eglin AFR ta simulations using
LT uncertainty quantificaticn
= R

Simulation Reodmap

S =a—
UFecsy Experimental Setup

s Eglin AFBE mesoscale expenmeants farmed basis for expenmental design

= Minimal changes bebween previaus mesascale experiments amd praton radiography
experiments to decrease simulation vearkload

Probon Beam
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UFecsiss still Images - Transmission

w B0% mowves in a peban-like motion, mamtzinng the 3-laver strucbura

8 Ag the volume fraction is decreased, the strecture becomes gradually more
chaatic
B0 India! "Wel. Fractian

40%, laigs Wal. Frachon 20% Iribal Vol Frachon

VT i

CEBAT Frocan radiographiy rasuits at 20 us afar detcratan
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FCSE
UFHcEit:. potivation

m Goal: Invesbigale the physics of parbcle-particle inbaractions as the bed of partickes
goas fram compacdbon)/collision to disparsal while providing validation-qualiby data

= Unique contribution: Perfarm a expenment such that the particle bed is
subjectad o a detonatian wave without the complexities of ambient Fluid while
artificially lowering the volume fracton to “simulatable levels™

s Proton radiography [P-rad) feolty enables this investigation beczusa:

w The 22 time resolved imagas allow axamination of s bme aevolving parlicle
chaud within the explesive products

® Tast saction is kept under vacuumn, removing ambient Tluid

Compachcmcoilision phass

Fardlosras.

Fiod, fdrras
cidleridl : 2

ket 78 e
| |
r d

| Octonation phaso | Disparsian phasae |
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drecsty Experimental Setup — Particle Packet

Partide packet utilized layering of steel and hollow glass spheras o vary the aver-all
wolume fraction ef the particle bed
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" Centerline Front Tracking Results

® Fronts calculated basad on transmissian falliing b=low 90% of backgraound valus
m Relatively dose agresment betwesn repeatex] shots

m Decreasing mass leads to an increase in velooty for the lower volume Fradtions
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UFeceiin ncertainty Quantification of ASU Shock Tube UFitein: pMotivation
Tanner lonas [P LU PP T TN N TOR L VL L P T S

h,..f,.._r ,_,.,._,;I.IT.._.[._&T___ ¥ # The 5|:-IJE|'!." of measurament pFDFEEEE in 5I'_|1:|::It tube
y ek e ek experiments allows far uncertainty analysis of
T % £ !g" guantitles of Interest to be used In validating

= [

aovisor: Dr. Kim, Dr. Haftka, Dr. Park T e

Department: Mecharical and
Aerospace Engineering , UF

-
Sy

cirmulation code

e Goals # Uncartainty guantificaticn reduces measurement
- identify sources of uncertainty procesting uncertainties which leads Lo simaller
in experimental procedures simulation unc=rtainties
v Propagate identified sources of « Avertical shack tube is studied to characternze the
l_.lncaljtaint'-'_fmm Expariments input and cutput parameters used to validate c:__F
bibar=imiations turbulance medals developad by tha simulation team s
~  “alidate CMT-nek simulation _ _ no
capebilities # A particle bed is placed at the bottaom of the Shock +
_I-_-I. IIE " R d " " " — -
s Simulation roadmap muigtics Ropdmop whe |l A diaphragm is located al:un'.reithe particle o
: bed, separating the shock tube into a high [Fy ) and o
P 1"-""-”'['|3'I|'“5|5E wroulence laws [+, ) pressure region. Camerss and pressure -—i‘__ __.__:..
madeling and uncertainty sensars collest data on the movement of the particle
= Conduct forenslc UQ bed and shock/expansion waves.
COMT COMT
RN 1 e s .
I | N e
Uricsiss ASl) Shock Tube UQ Uracsss asl) Input Variability
Evneriments ¢ Uncorlainly originates becauss one guanlily is measured wwhich is
XPETIments | rzek Warmssility: Epislemic. usad to caloulate anclher, The bime of pressure readings al wo
: !-'T;::Iblu;;ul-ll'n:'E:Jﬂ1I|Hr : :1:L-|I1trq :'_':1";:*__“ known dislancas are corveried into velocity, which is than convertad
Data Processing ! ;ru-*::.::-ulleF.-!uljl;-.'_:l—‘l - . t,i';;_m_:;‘;_:,'__i;:,'F_,;',_;EEJ_I.,__ to a Mach nurnEer. The Mach numberis then used to calculate the
Partic s Diarnater _ ;-'::'_-‘:"::'?J'-r':_ﬁ:lq presaure rafio, F—‘I', In t.he ahock tube
nput. §ERLIELEIT Experiment lilpﬂ_iiﬁiﬂ Mach Eﬂlnuinhd?-mnnum
+  Initial bad haighl - Number Ratle '
= Pressure ratic :— T R |
Shock Mach number
. Baele dameter 0972002017 #4 117 + 0.04 252 4 038
Uubaut vanakbdliby: h
_ Bed height locatian Q9202017 55 1.65 | (0o i s I
Dutput _ Q20/2017T #6 1.2 1 .02 I S I N
= Bed height over time 107122017 #3 LGT + 0.0 12.33 +0.57
101122017 &4 L.07 | (hO03 30k 021
Uncarlainty analysis I::" 10/12/2017 #5 1.43 + 0.01 G631 0.26
S 1041202017 #6 1.28 1 0.m 322 1 010

Ol e

CCMT Wik Sharled
k. . |
Urecsiss asl) Shock Tube Particle Characterization UFecscs summary and Future Work
& 4 samples of particles with nominal diameter ranges:
#4520 micrans, 02151 micrans, 150-21 2 micrans, 211-247 micrans ¢ Data analysis and uncertainty quantifications of the

& SERS Imape pracessing showes partiche diameters tepdinn 1o the lower end af nominal
atrgzes atrns il duaforrmities arel non-sgibesr izl particles aere ararioy

¢ Pycnometer estimates of particla density averaged E.#!L%fﬂ-r all particles simulation team
wiith very low uncertainty, This is slight’y lower than neminal 2.5 ﬁ'i, for glass.

input and output parameters are supplementing the

#  Average Perticle valume Fraction was found to be 3.6-0.61 using & CT acan. Tae » Additional A5U Experiments

Average Volume frection wes found o Increase in the radial directicn of the

shock tube » Prabing epistamic uncertainty sources
RN TR Y e e ¢ Simulation Validation
et ayerage yolumes acions
foreach ragan sver T =
: ; = Expernmental output will b2 compared with simulation
¢ oLl vl " spErosimetely 1530 P MR armpar
H ;mi'i", Ui 1 honzoreal sleas takan output to validate CMT-nek simulation capabilities

_.,.Ill 'ﬂ1-,| il | IRy Il fromt Tie CT ecan slong

| | ik L S | o ' tha warical amns af ha
LA - paricles bad

CCMT CCMT
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UFrcsit: Compressible Multiphase Turbulence Modeling

Rahul Babu Koneru i o _:'1-,.,.._,.:. :-Irl.n.m:"-:luli"a-u-ﬂ.ﬂ-i_:"'r-'ﬂ. o g ""-""'f-""':?
.I'-"|l::|'|"|'5|i'.'||": Or. 5. E‘Elﬂﬂhﬂﬂdﬂr COTErFet LR IR ERANNEONY EL-L R S e AT

Cepartment: MAE, UF

Goals i L
- 1=

# |mprove drag medels at high
Mach numbers and dense
FeEimes
Cxtend LES mode=ls to
compreszible multiphase fows

» Validationand integration into
CMT-nalk

s Simulation roadmap

Harabme  GoF -Demdmign
e L ]

Validate axisting fores models

and develop new madels Simuigtion Roedmaop

Implement single phase LES: and
sxtend it to multiphase flows

e pasults, @, = 10% ...

oy T

Fainl-particle
Farlicle raschad

bx =4
'x=8
=12

i
O
—_— =0

CCMT
R

e sandia MIST Experiment

¢ Validation against experiments (3andia MET)
s Effect of Inltlal particle valume fraction

L M=186 6,=21%, §,=2mm

q - £
tIT:l". i fE. v
E - B
E g
2 r

m 2= .
= H

CEMT

—= :

UF [FLORIDA

e Random Bed of Fixed Particles

Particle Resolved Simulations® Point-Particls Simulations

M, 30 M, 3.0
I*i,-,.h. 42."'|:1l.'.'l?] f"-lmy 2107
Gy l%) 10,15,20.25 WL 10,15,20,25
d.4pm) 100 Ay 1a0
*Mehta, Y, 1 al. "Propagaton of a sirong shock over a random Bzd of
~EPAT aherical padicles.” Joumal of Flukd Machantos 838 (2018) 187-187.
— L
-
PO T & PORES. 5

Faint-particle
Farlicle raschead

bie= &
=8
=12

i
O
—_— =0

» Caphires the macrosoopic brend

but the shock location is under-

UFeacsss Multiphase LES

# Performed simulations of single phase cpen-ended shocktubel

s [ntegrated single-phase LES madeis In Rocfiu
¢ Code verification and validzation is in progress

1. ‘Cpen Coded Shock Tabe Cioses Ipivence of Pressare Bulis and Thipgduagm Posiion

- =1 | -t 1 .l III =}
COMT ol baselbaches, 5. Daladhancar andd 5, W Eeires ALAA Jours!
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Pt cMT-nek Microscale Simulations

Goaran Marjanovic
advisor: Prof. Balachandar
Department: Mechanical &
Aerospace Engineering, LIF
e Goals

»  Demanstrate CMT-nek
capabilitias

o Walidation

= arfication
= 3Jimulation roadmap
»  Microscale simulations

= Expansionwave
oropapzling over

Simuizticn Ropdmop

particla beds

CCAMT
— :
S S Y

UFecsics. pasults — Mach Number
ooco O, TEOG C.3a71% 25425 C 7257
W az s rrandeae
an — 3%

10 | TE PR BE B e mE

Ea &wﬁ e l"llzll:iﬁl:li:l‘

A WER FE e AT ae

L :/”A)%M g 10%
RN (o) (u) (o) () (e ) m)Ca)

FOIQIIOIOIOIOCE

=
Uricss: pasults — Drag Force
V3
L —GF Theoram

* Present study = 3

CCMT

UF [FLORIDA

Urecsss gimulation Set-Up

"."-:-IumEI Fr.attruns 3%, 10%, 16%
ﬂITIEI‘ISII::II'IE- T2BEXK4x4
Elaments pPat el 2]
Faolynomial order 12
LICF B QB0 RO

Faricle DOF S52.728-210.912
_ Pressureratic .83
 Head Mach numbser 0.4
Mumber aof particles [ohj) a5

s Particles are frazen in space [poraus media)

¢ Inwiscid

UFacsss Results — Drag Model

1° L N
FF i PR +4fnRj_ It — £ mlpur] !_E-:lE
fom i ¥
: Force Components
* Force models (single 0.4 _ _
particle) for compressible ~Todal
flowes * Pressure gradient
» Tested for shack-particle ﬂ'ﬂflll " Inviscid unsteady
Interaction

# |mportant featurs
® Better able to
capture unsteacy
force effect
# Pressure gradient and
Inviscld unsteady farces

COMT
b v |

e
UFecss: Results — Pressure and Temperature

Prassure Temperaiums
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S
UricEis. Microscale — Shock Particle Interaction
Yash Mehta
sgvisor: Prof. 5. Balachandar [ ¢ o s (s T G
Department: BAF, LF #‘,J -
& Goals

18-

- Fully resolved DNS of shock | 3 ﬁ’

interaction with particles r _

> Developing models far sanm | fmwom
predicting particle matian
and force histary

# Simulation roadrnap

Harabme  GoF -Demdmign
e L ]

= Aimulating shock interaction
with random bed of particles !

=~ Integration of farce models
in Mesc-Macro scale
simuiatians

Smouigticon Ropdmop

CCMT
R ——————————————.

Wi Shock interaction with random bed of

particles

M., =122 | M. =166 | M,=3.00

@=125%  RUNI  AUNZ  AUN3

g — ¥4 RiIH4 RLIHS RLUINE
- 15% ' ' RUNT
1 — 24F5 RiNG =LNg RURTO
P RUN11

s Matnx of simulations were performed 10 understand the effect of shock
Mach number and volume fraction

¢ MNumber of particles in the computational domain vared from 200ta 400
s Effect of viscosity and particle matlon was neglectec In these simulatlans

=0

- |
1.5
bl L

1

b

|-_'. L
=15 =10 -5 i) 3 10

i,
Mach number contour plat tor @ = 108 ; MW, = 40 Sbream-wse avaraged densiby for
pir =12 @ — 15% ° M, — 3.0

L

II- 1.7
‘ I
‘O.m
<5 -1 a 7 11 15

II:IH-
U
T,

Stream-wise averaged velocity
for g = 200 ; M, = 3.0

e B I

Pressure contour plat for @ = 25% ; M, = 3.0,
CEMT e =14
— TR

UF [FLORIDA

UFrEES Motivation

A =0 ms

# [here is a need for understanding the physics of high energy post
detanation products interacting with particles

& Fully rezoclved inviscid numencal simufations are performed to understand
the underlying physical mechanism at play during shock  particle
inLeraclion

s Results from simulations are used to develop models ler predicting the
mation af particies in complex fows

UFecsics 1.D Riemann model

o Shock interaction with bed of
o parlicies can be modeled as shock
g interaction with an area change

-'-__I.-.'I'I'I-'|II1 LRE g i el
K, ®™| t = This is a standard Kiemann

e ot | oA - e | -

g 5 = A problem with an area change

r

4 ki Hiu ey # Shock interaction with an area

e change leads Lo a unigue solulion

- with multiple ditferent family of

WaVBes

=

J!l-': |:|" = L] ..'! .

1.2
~Arans LEY
rap LIS 1
Aran 259
“Ergs 299 D=
2
-

0.4
1.2

[t S
e e N -
SN - R S . RN

2 0 2 4 5 H 1012 14 &
I |

Flowe praperties predicted vsing 1-0 Riemann meode|

0 2|

1& 16
: =

1z i

'_..I_:lilﬂ-l. ;...'-:':I:l"ﬁ.

.I. E- _-IL-E.!-'.li ! n --H-J-I.!l'hi-
ek —m, 0% by i e L
—m, =30 =P
a A e 0 e
@ 4 B 12 I M 00 @ 8 1F 16 30
M, = 1.22 M. = 1.0 M, =3
. # Tortupsity resulis in
Lt JH =1 slowing down af the
M TLEE trarnsmilted shock
S LY oW =3
: ; i s In SLETIE Casas
By ps ,,f’f_.--""_-‘ dissipation  due 1o
e i shocklets  and how
3l = shocks  results In
AR :“ e oH weakening  of  the
trarmsmilted shock and
lza-surface of velocity slowing down

COMAT magnituds
— TR
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tracisy Data-driven Point-Particle Force Modeling

W. Chandler Moare 7

acvisor: Prof. Balachandar ;

Department: MAE, LUF _

s Goals HE -

+  Tast tha PIEP madel at high
wolume fractions

i hpreve the PERMeLal using i
THS data i

s Simulation readmap = :

- This wwork uses data fram il |§‘ S
microscale simulations ta '
improve force madels which
bridge he gap belween
microscale simulations and

the dernanstration
simulatians.

Simuizticn Ropdmop

CCMT
R

dracso: pIEP Model at High Volume Fractions

The pairwise-interaction extended point-particle model loses
accuracy at high volume fractions.

i
P

m-=1

: e
L) ’.Fp.'r?.ll

E[ F..(ml-F, I:n]] _

i — 0.1 fe — 40

0.7

¢=0.2 Re—16

(.34

@ =115 Ke =70

(3 [t

To improve the PIEP model, introduce a data driven Fy, - term.

Friepmyirin = Fpigo + F g,

Trigrsiypiri = Tpipp + T
where

F-ﬁ!i,l': = Flif{ﬁﬁ, @, T, Ta,. . T )

'i'-‘ _Téters'ﬁ Fio Pty )

UFrcsi: pradiction Results

Results from testing data set:

. Hybrid/Data-Driven
R? Values: Previous PIEF PIEP

il Re Drag ift Torgue Drag  |Lift orgue
0.1 46 0d6E 067 073 Dey 073 DA
0.1 T 067 067 065 D84 070 072
0.1 17 033 D& 045  D4: 058 D0

0.2 8 0.57 034 048 074 073 0.7 2
0.2 B9 060 048 072 07 0.62 D75

0.435 20 012 008 047 064 004 076
0.43 113 .24  0.19 0,51 J.67 057  0.83

CCMT

UF [FLORIDA

WPt Maotivation

Mean drag point-particle models are not sufficient for predicting
microscale fluid mediated particle-particle interactions,

L - e e BTG 1.81 ) | iR o
k:‘.-,.‘f: ‘tﬁ- o ? ; 1 . -?";%* % Lo e 'L e
'.'I"' L= 1.} ' ' i " T '|I.'. P “g}' o

.'r.:..:_.". . - » B s 'ﬂ-"a'-: #e

G_E: ] .--'.I _._r'-'::- ::'.:‘E--.I

n.g'
Eﬁas 0.4 3,45 .5 W
Laca! Woalume Fraclion

Crag law given by Tenneb et al. (20117

' 1.15Re MO8
= 459 F = flte. ) = ”{‘1“_’:1;3

@qu;% Re=20,N

UFecsin: pastulated Functional Form

Pastulated scaler functions for the drag [, lift {L}, and tarque [T} due o a
cingle neighbors

ML
-I:.PI'L'I:' u-n..:u!?'.r'-:rJ.I'E-::"l‘i.l }_‘ 2___ I.I-'II '..|.! o 'l'l I 'Ii'l ||“'I'['-I'I'.'.'. r ' .!'-'- Y 'i":']J _|'|I'|::|-l|

e 1t

N E
LRrEp —aual et |Re 1 = |/ I (5 T T P T E T l“i.r-i\"f'\l Hir]

M=l Swall

4 L |
';rl'u.'."—.-u.-:.n:l‘.n-"l |R'='--3~":| = (E E |.‘='E.rr-.-"{'!-'é-rr' -'] + .I'I'-m""l['.fl-m"lli lr-'-ll{'i':'] J H':?'-'

T | 1zl]

Where j and n are the sphencal Bessel and Neumann functions and

P41

i i =
_II!._- — I-'ml-_ll-TJ_ll'.."_L] ]:-';I._ |'-|.|_.:| ‘=" ||||I i Hl:_{'l:ﬁE- '.-l-_: Jl-:'lL'!H.rIL_I l!!.'l.l:l.|I ]

= -azd

. =1
oy b

Qo B o NG F o make up the array of parameters to be determined by
regresslon. L anda L are the hyper parameters that must e optimlzed vsing a
second data sel.

COMT
R

Pt Resulting Force Maps (¢ = 0.45 & Re = 20)

Lytrid PILPDrag Map

l-‘n:n-:ms. l-‘lL.I-"DrﬂE ’nl'ap

RO DN

- 1 [} 1

Previous PIEF Lift Map Hyburd PIEPLitt Map

I | A
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UFcio: pMulti-fidelity Surrogate Modeling for Co-design

Aravind Mealakantan
advisor: Dr. Lar, Dr. SEitt
Department: ECE, UF

& Goals
¢ Reduce computational budget
of HPC codes |parent app)
~  Low-cost model validation over
larger d2sim space
b Eatrapolationof parcnt agp
rowards large scale run

= Simulation readmap

»  WFS and BE hzlps in simulating HmuInss Roogmap

ChT-nek on exascale systems
inatronalarchitecturas)

CCMT
R ———— .

A e, Developing MFS: Experimental setup

= Design of experiment (OE}
- Elementsize |ES) = 3,9,13,17,21
- Elements per processer (EPP) = 8,324,604, 128,256
- Mumber of processors {MP) = 16,256, 2048,16384, 1341072

- - . P "

‘r'.. iI_T..-.I .ﬁ- i.‘- l-

= 125totzl data points E - ¥kl
% BE 2imuletion: all 125 runs E‘ i 1 ,_ .,
o CMIT-nek: 22 runs Wbl 'Fiﬁ. ":
7] £MIT-bone:&7 runs E
& q jﬁ!y :""'n ;""-:
]| AR ;

"illl (v 11! |'.-|'|'.-|':|-n=|n-|||.'=.

" PpAufti-fidelity surrogate model
- Fitting CRAT-nek using corrected titting of BE simulakion
- For large problems, low-fidelity BE simulationis computationaily

cheaper than high-fidefity CMT-nek ar CMT-bone
CCMT

Urecsin: Extrapolation Towards Large-scale Runs

= Extrapelation necessary for exascale prediction
— But challernming due to lirnited runs

= Develap MFES using:
= Fiout of 22} runs of CNT-nek (high-fidelty). at 256 and 2k processors
— All 125 BE simulakions (law-fidelity)

= Extrapelate using MES towards 16k 0 [11 runs) & 1228K@ (4 runs) processors

i F - | i
. ‘ | - ~
E sad 1., 1 il: 5 -
5w - - !
By
E_E | H i 4- T \
- i
EF i IF-.- *1. - Il - L 125 EE amulalisn
e f - W g T e o o a2 LMT-nek runs
i e il e e L1 T -
~ T el o -
b —‘.!- I-.._l.;' ""- - I'...I-
i » AT L '_-. 1'I__.-F
1 = & I
-IH @il - ="
0 | p— A, T - -t
Elmmmnd 5 o s 127 +e
R I g
P 227 Of priso e s
CCEMT p

18 55, alf 1558 59002

UF [FLORIDA

—
UFecsics: Bahavioral Emulation with MFS
Objective
» Reduce computational budget by fitting BE simulation to
CMT-nek using Multi-Fidelity Surrogate (MFS)
m Extrapolation of CMT-nek towards large-scale runs using
BE and MFS
R |
_ e = - &
, morrecton o
- %"._ - '.-'a catian 2rd
" . < uncartainty @stmEtian
CoMT - !

b v

WTHER MFS: CMT-nek (HF) vs BE simulation (LF)

»  Accuracy of corrected BE simulationat 10 left-out CWIT-nek
test points
- Overall error (RMSE) is less than B3 with 10or
rmare nek data (lefl figure)
- Maxerror is less than 15% with 10 or more

CMT-nek data (right figure}

bt i 1ot
i n b ey el o o T e | v —#- Al o 3 e
& “dgraiDlaTars P -
b P cillrees F |
By o | i
g I E:r.-’.' |
; 2| |
T & Y
2 4 =
¥ in h Eﬂi I.
i ' E I b
= [ B ey .
E lII—-I. — . 1. ] E -
= 1a - -.__- E T . -,
= r—f— .'?= | s
: T =
s : i : I a - T S R e
COMT PENE N L AT Ruricar A0 CHT ek don ples
— — =

UFecsite: Extrapolation: Prediction of CMT-nek

*  MF5 prediction towards one millicn processors with LG
— G4 =lements per processors (9 T T-nek suns @

= MFS predictions )
= Monctonictrand with small cursature in fogerthmic coordinete

B I I R FAFS predeien fer CIAT-nek @th 76 processom

| i oesvakar L Aty o R 1 i | : | : .
- * SRl un o'\ 53 .J‘.'.'- [
% M R B — b awd o
T - E
E e ¥ o =
= = e ; E 1tk
2l L |
; T 5
3 iy £
I' re { |
c B B row'
d- = ] L |-:| E
L ._l':E-_-l__ 1 » o gt

n" !"--'i'__ - e - o

B =gy T
i E
it ol prorasssr Ebarem soe Wi 30 6% % ¢ W % i
Erarmal s
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UFicio: piscretization Error in Euler-Lagrange Simulation UFecss Challenge in Point Particle Model
::::: :I::f_ Kim, Haftla & Ty (i) -'.~'-.-:1i.ii (PR TR T S STAT » Standard ELJ|-E:F—|-_E||§FEII nge point particie methads fail to provide grid-
Ralzchandar - - : - Independent predictions far the interphase momentum exchange
Department: MAE, UF = sz
= Goals )
~ Toestirmate the discretization srror

inall Euler-Lagrange simulationof |
an interaction oetween the shock

wave ang particle-laden !
_ : cell center
*= T achieve mesh convargence for 10 | .. e
shock particle-laden interaction B itk
prealem via moedel imolemeantation : : '
Improvemant ST ROBHmID # The particle feels the shock anly if the shock reaches to the cell where
s+ Simulation roadmap particle center Is locatad
~ Té:Werificationard validation of the s Since particle diameter is larger than grid size, It cavses an unreallstic
shack tuse simulation sudden charmge in the particle farce

+  Uncertainty reduction via model
implementaticnimprovemant

s The peak force Increases as we reduce the grid slze

COMT
R

UFEGS: Finite Size Particle vs. Point Particle

;1 Convargence Direction
: — - e — e ; - —
100 um ' P -
£ 1 150 I/ ]
- : 5 i r L—!_.-.—# — w1 " i 1 E I II_- g
I sulcmvelme cxk , 3125pm) = gk i A e
r.—.—.—: 1410 10 ] .-.!. EE AdLipm
800 FDhag Farce Poim Farmcs Gird Farze 201 arids - 1 KA
Firits %o Point Partchs & B Paint Pamicle - - _pupes
000 1 = . , , . .
= B | o] 1 1.8 -
= o L drm i = WD
5 : o —
= 5000 .
F 10 e 10y
£ 4000 | Barticla 14 Bamil =
= aric & (11 Eum) 2 1w —:j::
[ —&#— Pont Porticle _F ::-:El.--
=1 i ¢ . . s aT .
= amon | —8— Finite Sice Point Porticls leil:ih;ihl?:h e,
1000 i - ”.-|I|:| T .i.;:I- . I:Il.- as 1 2 :
0 D olx Hme { =480, 0 1
i 0.5 1 1.8 i .5 1 1.8 Roal Mean Square Error (RMSE) balween the numerczl and analybcal
Time it =D U tme [t =t /U solution over the bme for different and resclubon
CEMT (=D @ [t =D/ ) COMT a
. . : TN a
HEN AT e e eEN . I
" 3 5 R ErTp—
UFicsc: projected Force for a Moving Particle UFEcEs: summary
Paint Particle Finite Size Particle s Corvergence is achieved far a well-formulated force moedel and back
& , , , , : : coupling far finite size particles for a single staticnary particle
A el Index il Callincex |
B | ; ﬁ o it it
J'|' 3 i g5 oL Point Parcle r _ | Firile Size
Tub ] =5 Z = & / = | ForiParlizle
= I 3 = i : I ¢ T oof
2w 7 B —: ] L ; | S
E | 4 B Jr'l: 4 - ,.-'"- :::‘H'i'l'-'-ﬁ a ——Havericd A2 |
=, i ) k-0, 1 S H === ol | e | ol _ _ _ Ak
&5 i XA C & _ 4 4% ¢ @ 1 e 4 45 3 Bs 4 45 @
k2 I Q5 Forca for Smallest Grid =™ F =0
| . Next Steps
- AEE AT EEE s oie # Apply finite size particle model far 2 ane-dimensionzl model of shock
e AR ﬂnr[lipmnnﬁ:-n Lo fhma ¢ zae) propagation through a parlicle-laden field at moderale valume fraclion
o Comparisan wilh DNS will be used Lo check if the approach also
de =25 ym, Dp =113 pm Improves accuracy comparad to the point particle model
Harticle'Fluid density ratio = 14
CCMT CCMT
— . = — =-

i N .
WNTAY

" g’
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Uricsic. Adaptive Load Balancing on Vulcan UFEcEs: summary
L # The load balancing results of CMT-nek running on Yulcan and
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O e Adaptive Sampling For Design Space UFecsios Motivation and Progress
Exploration Using Behavioral Emulation
' = Behavieral emulations to predict run time of CMT-nek code on Vulcan
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» Three identified design variables for the CMT-nek code: element size,
number of pracessars, element per processarns

e Gaals

~ Produce sampling plans and
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archabilistic models for the
validation and ussge of
Behavieral Emulation of HPC

® Where to run the behavioral emulations for algorithmic & architectural
design-space axploration (DSE)?

architectures & Emulations are expensive tao run. Surropatas are introduced based on
¢ Simulation rcadmap Simulation Roodmop existing runs for pradiction at untested configurations
»  Assistvalidation and usage ol Behavioral Emulalion lor # Therun time {cost) varies in the design space and challenges classical
algarithimic & architectural design-space exploration at campling plans which assume canstant cost{run time)
- different stages ¢ Developed adaptive sampling with surrogate maodel for approximation
= R 1 E
L
Urcsss aAdaptive Sampling to Explore Design Space Uracsss Adaptive Sampling to Explore Design Space
» Synthetize the test function based on the 125 BE runs for the study of ® |5 it possible to improve design space exploration using BE?
different sampling plan o asdaplive sampling versus zll-al-gnece sampling
# lsed a cubic palynamial to fit the ].2_5 BE runs, the n.:.rrnalized.n:-nt- # Current sampling plans implicitly assume constant sampling cost. Meed
mean-square errar (N-RMSE, normalized by the range of function revize the standard sampling plars to incorporate varying cost(run time)

values) is 0.9%

m Kayprocadures fortha ical adaptive sampling (AS) without varying cost
# The cubic fit to sampling cost {run time] has N-RMSE to be 1.0% YP Rl p pling (A5) Fying

- g Stepl: G te initial ; [ Step 3: Updat
Predicted run time of CMT i Run tima of BE an HIParGator pl:Generate nitiz Step 2. Iteratively adc ED pdate
code lcan TR samples with partial sarmples at points surrogate predictions
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Urecss aAdaptive Sampling to Explore Design Space Urecsss Adaptive Sampling to Explore Design Space
» Adaptive sampling was preferred than all-at-once sampling using 38 runs ® The proposed adaptive sampling with varying cost (AS-C)
# Three designvariables Tor the CMT-code: element size, number af # AS-Cis developed based on Lwa surrogates far objective and cost
processars, element per processars. 38 runs(samples| were used. & 100 =ets of initial samples[8), sampling budget is up-to 300 seconds
* Adaptive samphing started from 3 runs, ended with 38 runs, the N- v AS-Cended with more cheaper runs and lead to accurate estimation
EMSE [rermalizec by function range) is 1% _ ;
& All-at-once sampling using latin hypercube sampling, the N-EMSE is hiacian e Nisden max siror Wil nanfher et iuhe
2%, much inferiar to the adaptive sampling . = i .
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UFrcsin  Gas-Particle Mixtures Under Sudden Expansion
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Department: SEMTE, ASU

s Goals

¢ Parform repeatakle

axpenments on a vertical
shacktube at ASU

b= RS TR H
B vl 1

gl
¢ Examine mxpansion tan, flows jﬁ
gtructuras, and Instakilites EE
- |
#  Provide data for validation of '
computational codes Ji'i
iR

# Simulation readmap

+ The shocktube experiment
at ASU will provice data far
validating the codes being
devalaped at LF.

Smouigticon Ropdmop

COMT
R

IIIIIII

fo b= 6. t=n

CCMT Stoges of Experimeant

P
UFrcsio:. pagults

# Effact of particle size and initial bed height on pressure
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UFicsion. potivation

»  Experimental multi-phase studies Invalving compressiole flow are
complicated

® A0 ared sulic garlicles ey o segara ety
# P lcles gemneriale Turkndencr

»  Meed far a simple 10 flovwe experiment that can be used far early
walidation of the computationzal codes developed by the PSAAP

CENTEr,
& Mimpler phasics ineclaed thas the a8 rapstone raperimenl
#  Kedure the scatter incurrert data (Chiognicknl, e )
# lrerfnem camerimesits an existing cylindrical sancs tube setep

#  [eteoming Improement points ans: Wessnesses

# [Designanimproved, simple 10 compressibla multi-phase flaw
shock tuhe experiment

#  Fxamine caparsion fan, fowe strectures, tarbalearce, and irstabilities

®  Provide data tor eacy-stane valldation of computational coces developed by
CCMT the PSAAL ¢ rrtar

UFecsny Results

# Effect of particle size and initial bed height on bed displacament

# Frarmble average of ' oealizatans far rack cxarnmeat
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UFEcEs: summary

» Bed height

» Beds composed of smaller particles rise mare quickly

e [aller beds rise more quickly
# Tnis effect iz magnified az particle diameater i2 incregsed

¢ Pressure

# The rarefaction wave travels more slowly through beds

composed of smaller particles
& [his effect 15 magnified as inmizl bed haight 1= increased

¢ The pressure above the particle bed interface drops
mare rapidly when the particle bed interface is closer to
the diaphragm (ie. the bed is taller)

CCMT
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Ui Simulations of Fine Powder Decompression

David Fwick e s

e -
s [Fham] oA fIanw S R e
Advisor: Prof. Balachandar ,E.,.Hi ,»J i ::I;;;'-J_'
Department: MAE, LUF ' - ﬁ .
-] e L=
s Goals Ii == aem
«  Development of state-of-the-
art Euleran-Lagrangian e B
capabilitiesin ChT-nek 1
+  dnderstanding th= physics of “
particles interacting with !
ENpENLION wWaves h

& Simulation roadmap

k Cetailed modeling of particle
simulations of A5 expariment
in ChAT-nek

Simuizticn Ropdmop

CEMT
- RN

Urecsss Multiphase Refinement

# ‘ard refimemant in multiphaza flow iz not well cefined

=" Coarse graining: ..
" The number of real particles
-..'.'--___iEE]Tid_q.mmﬂrltfh__._.-"'g

= We consider two types of refinement;
Flusitt resfineimiend [gexd resolition|
FurPele relinernent joearse graining|

s Three cases of Increased refinerment:

Casg 3

Lianrea farining # : [
I'erilz s 5111 FLZ P AR
Rrd Paky. TIE 00 RIS ER TR
CCMT
R 3

UFacsi: Case 1 Results: Particle Front Movement

Bed Heighls in Tirme

Example of p, - p, = 50 kPa | ar i
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WPt Maotivation

NMulliphase shock tube is a surropate used for
laboratorv-scale velcanic erupkions

ExperirmenielSelup

& FPraoblem consists of a vertical shock tube i -.'-;E"rn-:
with particle bed In driver secticn o .: 1:*:-;1

& Particle bed swells upwards due to rapid B i AV
decampression when diaphragm bursts £ | Doien Sarter

s Results are compared with Caznali et al. L Simuitatice Domain
(2002} experiments i - E
CCMT
S
Urecsiss simulation Setup
Geometry Particles
Exporiment  Simulation Ewpenment  Simulaton
Lo | 23 =3 (i pem) i il
et ) 0.2 34 ﬂ-l_.l_h."m]:- = 306 2 3l
oo 6.6 55 N, 2 107 Ak, 713k, 701k
Ak ieT) G0 <0 20
, < 08
rid
gimulations Initial Conditions ExkBC,
X, 6k, i, 400k Experiment  Ssmulation
A 5 mikin)  Lasooatary 101 Parasc H.C. |
dafimy  16T.RI, 42 T Lasoralory 2923 Clapfregm
by FAx 25 dp (kFal 20 - 2l - 90 .‘-“\‘ Farodis B0 |
fig £1, 2.BE T Lakromabary 267 -

| simulations are performed with ChT-nek

UFESES Future Work

¢ Quantifying the effect of numerical parameters

¢ Determining the shape/structure of the particle bad

front

o Effect of valume fraction dependent drag models in

void formation

¢ Validation with ASLU experiments

CCMT
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