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Demonstration-scale
prediction

* demonstrate positive societal impact of extreme

computing

- accelerate the deployment of a new technology:

high efficiency (AUSC), carbon capture for J
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concentration of small particles

DB: ind
Cycle: O

Volume
Var: w_gn0/0
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CS: Vislt-Uintah in-situ ( n— Progress)

Predictive Exascale
Science Computing

artlcle ﬁ
ombustion
exascale
runtime
enwronmen

# Additions to Uintah to access Vislt's libsim
library that simulations use for in-situ
visualization.

« Call functions from Uintah that lets Vislt
connect.

* Add data access functions to Uintah that =
expose it's arrays as data that Vislt can =
process (i.e. database reader). m

* Link Uintah with Vislt’s libsim. cisia it

# Run the simulation and connect with Vislt.
* Libsim dynamically loads Vislt runtime
into Uintah's address space.
* Perform any of Vislt's operations on
Uintah’s run time simulation data.
* Advance the simulation and the Vislt
plots automatically update.
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CS: Performant, expressive abstractions
for present & future architectures

* C++ template metaprogramming |
to achieve one inlined grid loop, | ¢ =V ()\VT)
no temporaries.
* Compile-time consistency checking ‘
phi <<= divX( interpX(lambda) * gradX(temperature) )

+ divY( interpY(lambda) * gradY(temperature) )
+ divZ( interpZ(lambda) * gradZ(temperature) );

(field-operator and field-field

compatibility).
* Deploys on Xeon Phi, CPU and

GPU (CUDA).

a¢z Now being used

e g in 5 PDE-solver
J, = -T'V¢,

si=[f(¢1) or s; = [(¢;)

projects within
and without
Uintah

Speedup

—=— Coupled src & Diffusion
--e-Independent src & Diffusion |]

—e— Diffusion
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tools creation

!smtev::::on I lJ:erimental

#: Kokkos memory tracking HAD several limitations preventing Uintah integration ﬂ 3

Single master thread allocated/deallocated all memory s S
Tracking data structure not thread safe
O( log(n) ) to find reference count and reference count not thread safe
O(n) to insert or delete an allocation record (sorted vector)

Poor support for memory not allocated by Kokkos : ,
Unable to use texture cache with CUDA memory not allocated by Kokkos

# Revised allocation tracking (code review Feb 6)
Any host thread can allocate or deallocate memory
Lock-free data structure to manage allocation records
O(1) to find reference count and atomic reference count
O(1) to delete an allocation record; amortized O(1) to insert, O(n) worst case
Improved support for memory not allocated by Kokkos
Much easier to incrementally refactor code
Can use texture cache with CUDA memory not allocated by Kokkos

# These changes remove design incompatibilities that prevents Uintah integration
#We will now investigate use of Kokkos in Uintah as an alternative to DSLs



#: Release Version 1.6.0 (1/30/2015)
Wasatch/Nebo DSL now part of ARCHES component
Available/tested on multiple OS distributions: Debian, Ubuntu, Fedora, CentOS,
OpenSuse, MacOSX
Installation (15 pgs) and User (300+ pgs) Manuals
Runs and scales on all major DOE & NSF platforms - Mira, Titan , Stampede Vulcan

# Coordination with Vislt 2.9.0 release

v&viua

tools creation

validation / UQ

Uintah’s data archive format database reader is now included in Vislt's build_visit script

# Uintah is now part of the standard parallel binary builds of Vislt.
Vislt with Uintah is being fully supported at DOE and other HPC sites.
Uintah users no longer build separate components to use Vislt.
Transfers build and support issues to the Vislt team.
Fully supports builds on multiple Linux systems e.g Debian Jessie, Fedora 21,
Opensuse13.2,CentOS 7,Ubuntu 14.10
Includes new flexibility with Uintah’s data archive format database reader.

X
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Physics: Devolatilization Model Form Uncertainty

#: Model Form Uncertainty by design
- form and physics apropos to multi-physics simulation
- same uncertain parameter across hierarchy

#model form 1: CPD
- ‘gold standard’ but complex
» 13 uncertain parameters + 5 coal specific parameters
* limited to low temperature data (< 1200K)

#model form 2': FOWY
* 1 free parameter (a) per coal type
dV . —(EO + O'GZ)
Free Aexp ( T )(Vf V)
#: utilize V/UQ with consistency constraint
- year 1: use CPD and 1 high T expt. data set
- satisfying 30 quantities of interest (Qol)
- DOE with 5 final temperatures and 3 heating rates
- year 2 & beyond: add all available experimental data

(1—’y)lz S MZ(X) _di S (1—’}/)’&@ for 1 = 1,...,NQ0[

CARBON CAPTURE

(15} MULTIDISCIPLINARY Bp > xp > ay fori=1,...,n

SIMULATION CENTER

Ultimate Volatile Yield [-]

o
©

vaviuQ

tools creation

urrogate model

validation / UQ

Predictive
Science

environmen

Exascale
Computing

o
co
T

e
~
T

e
(<2}
T

o
w
T

o
=
T

e
w
T

o
N
T

0.1

0.0

— a =045
—— a=0.55
—— a=0.65
—— a=0.75
® CPD data

» Experimental data

500

Il
1000

1500 2000 2500 3000
Hold Temperature [K]

3500



Education &

v/uQ Exascale Predictive Science
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Year 1

Year 2

Year 3

CQMOM development

Arches and DQMOM development

CQMOM poc

' Add coal physics '——»

Port & run target
problem on Titan

ViSUS 1/0O in
Uintah X

Runtime
system v1
TASC for

Arches

;

Petascale

Uintah X

V/UQ analysis
with preliminary

experimental data

' DOM radiation '—>

Develop target on
full-scale Titan

In situ viz
& analysis

Runtime system v2
for scalability

TASC for full
Arches

V/UQ analysis of
entire hierarchy

GP surrogate
mode

1 CQMOM for lower bricks j

' RMCRT radiation "—’

y

Target problem with
ull scalability

Extend I/O infrastructure to
dump reduced information

Develop runtime
system for post-Titan
Extend TASC for
GPU/fault tolerence

V/UQ analysis of
entire hierarchy

V/UQ & DC
Toolkits v2

particle scalar &

velocities
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Student and staff NNSA research experiences and annual UofU/UCB/BY( student ex¢hanges reactions
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RuEaview




# numerical attributes:

physical attributes:

0.6x0.6x1.7m (1/220 BSF) (1/15,800 prediction)
Primary inlet:
-coal feed rate = 1.058e-3 kg/s,
-carrier gas = 1.79e-3 kg/s, 0.838 CO, + 0.162 O,
Secondary inlet:
-gas = 2.079 kg/s, pure O,
Purge (radiometer-COy) inlet:
-gas = 2.856e-4 kg/s pure CO;
SUFCO coal (UT) particle sizes = 20 (65%),50 (25%),100 (10%) microns
100 KWt

model attributes:

radiation: Sg (once every 30 time steps)

DQMOM with 7 internal coordinates (3 quadrature nodes)
The FOWY devolatilization model

Murphy-Shaddix (2005) char oxidation model

(2mm)3 resolution producing 65 million cells
~85 microsecond time steps

35% volume wasted on intrusions

203 cells/patch

Vulcan: cases failed to run on 9 different occasions due to bad nodes
or writing errors, with 25 successful 12 hour runs (26.5% failure).
(these running errors only seen on psmall partition of vulcan)

number density of large p )Tié[es

Time = 1.83 seconds




Volume
Var: temperature/0

- 2000. ’7 \F “ 3 = o — .

1875.

1750.

1625.

1500,
Max: 2408.
Min: 287.2

gas temperature

Time = 1.57 seconds
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physical attributes:

* simulation 4 boxes:
-1.36m, 1.44m, 3.36m
-9.44m, 2.88m, 3.36m
-0.90m, 3.60m, 3.36m
-1.36m, 5.76m, 3.36m
+ s80 inlets, the corner coal injectors, and O2/RFG streams
* various injection angles
* 3 platens, 20 u-tubes, 38 tube bundles
* 15 MWt (German lignite)

model attributes:

* radiation: Sg (once every 15 time steps)

- DQMOM with 7 internal coordinates (particle size distribution changed)

* The FOWY devolatilization model

* Murphy-Shaddix (2005) char oxidation model

* Wall heat transfer computed with thickness and thermal conductivity (UQ)

# numerical attributes:

* 1cm? resolution producing 137million cells

* 203 cells/patch (173 cells/patch)

* 16,384 cores (Titan & Vulcan)

* target machine Vulcan & Titan (memory issues)

= V/UQ:

CARBON CAPTURE * we have performed more V/UQ analysis on this cases
@ MULTIDISCIPLINARY BS F * paper presented at recent Industrial Combustion (AFRC) mtg.
SIMULATION CENTER « currently working on refined V/UQ pass



O, concentration

DB: inde
Cycle: 0
Volume

pl 03/10000
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0.07500
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burnout of small particles

DB: indexxmt——— |
e [

Cycle: C

Volume
Var: 1-burnoutl

020

0.1875

0.1250

‘ 0.06250

L

< —0.000
Max: 2.019
Min: 0.000
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Mon Aug 25 11:27:02 2014




burnout of large particles

DB: indM
Cycle: G ime:24.99 |

Volume

Var: 1-burnout2
:—r 0.2500
0.1875
0.1250
0.06250
4 —0.000
Max: 1.341
Min: 0.000
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* 7/60C steam temperature

*>12% reduction in fuel consumption carbon
dioxide emissions over 600C USC units

* materials - expensive

#what will change from USC:

* superheater and reheater tube banks will use
materials like 740H and 230 nickel.

- furnace enclosure material in the upper
enclosure is creep strength enhanced ferritic
steel requiring field PWHT of the tube to tube
joints and possibly the membrane panel seams.

- steam piping is 740H nickel or better.

Figure 6. Size comparison
of coal fired hoilers for

#boiler arrangement / design is evolving 550 MW output

* price of nickel is so high that position of steam
turbine must be a consideration

* Siemens AG has proposed an horizontal boiler 3in

CARBON CAPTURE
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Volume
Var: radkation_temperature [0

— 2600,
-

2250.
1900.
1550.

1 — 1200.
Max: 2887.
Min: 324.4

©
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Volume
Ve

'ar: O2/0
.:-— 0.9000

0.6750

0.4500

0.2250
.
=

— 0.000
Max: 0.9990
Min: 0.000
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Demonstrate that extreme computing

can accelerate deployment of a low-

Science Computing

3

exascale
ntime

cost, low-carbon energy solution for
power generation: AUSC oxy-coal !
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