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Sierra Mechanics
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Sierra an engineering mechanics simulation
code suite supporting the Nation’s Nuclear
Weapons mission, as well as other
customers.




Sierra Mechanics
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Thermal Fluids () i
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Aria Notorel

4+ nonlinear finite element Linear System
4+ stabilized Galerkin (Q1, Q2, PO)
4+ full Newton sensitivities
solvers (Trilinos)

MPI

monolithic or segregated coupling

F =k -VTdQ

+ 4+ + +

many equations (energy, mass,
momentum, species transport,
generalized chemistry, voltage)

4+ expression based




Aria: Drop impact

4+ microscale drops impact solid
surfaces

4+ physics
+ fluid dynamics
+ interfacial dynamics

4+ energy transport

t =0.00000 s
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Aria: Bottle filling

4+ filling on complex-shaped bottles
with non-Newtonian fluids

4+ physics
4+ fluid dynamics
+ mutliphase flow
4+ complex constitutive models
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Aria: Mold filling with reacting foams ) .

+ filling detailed molds with reacting
encapsulating foams

4+ physics
+ fluid dynamics
+ heat generation and transport

4+ foam reaction and species
transport

4+ complex geometry

4+ design of mold shapes and vent
locations for even filling

Tere = 24 53"

R. Rao
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Aria: Mesoscale modeling of Li-lon Battery () s,

4+ realistic microstructures
4+ physics

+ electrochemistry

+ solid mechanics
4+ motivation

4+ understand electrochemistry
battery performance

+ study deformation of constituent
particles under electrochemical
forces

+ identify damage to materials

Max Von Mises Stress [MPa]

Von Mises Stress [MPa)

[ e e
0 250 500 750 1000

S. Roberts, H. Mendoza, V. Brunini
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Aria: Laser Welding ) .

4+ laser welding and additive
manufacturing via selective laser
melting

Time = 0.000000

4+ physics
4+ laser heating
4+ nonequilibrium vaporization
4+ conduction
4+ capillary forces

50 micron 304L stainless
6 cmls scan rat;

N

3.634e+03
2.800e+03
1.967e+03
1.133e+03

3.000e+02

ime = 0.000000

Additive Manufacturing via selective D. Noble, M. Martinez
laser melting




Aria: Burning deformable solid

4+ model burning of energetic
material

4+ physics
4+ 3 disparate materials and physics
4+ discontinuous DOFs
4+ mass/momentum balances
4+ burnt front velocity
4+ dynamic topology

Burning and Deforming Solid

Pressure

Ideal Gas

Deforming Enclosure
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Area vs. Time
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Poiseuille Mode Couette Mode




Actual geometry
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« . Sandia
Finite-Element Problem Statement ()

Strong Form

V-u=0
ou \
rs Fpu-Vu=V-oc+ S

Weak Form

/qV'UdQ+Tpspg = ()
Q

ou
/Q'w-(pat .p'u,-V'u,—S) ds?

+fV'w:0'dQ— w-a-nd3+Tsupg:0
Q of2
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DG-style Numerical Fluxes () s,




. Sandia
DG-style Numerical Fluxes () s,
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DG-style Numerical Fluxes (i) i,

Numerical fluxes 1




. Sandia
DG-style Numerical Fluxes () s,




Sandia
Continuity (i) i,
not strictly conservative

/qV-udQ+...
Q

Integrate by parts with numerical flux

—/Vq u dS) + Z/ grUr -ngds+...
Q oK

re-integrate with actual flux

/qV u d) + Z/ gk (g —ug) -nrgds+..
Q OK




Ui i
Continuity () =,

not strictly conservative

{u} + Ac[P]

)
|

/qV-udQ+...
Q

Integrate by parts with numerical flux

—/Vq-udﬂ-l— Z/ grUr -ngds+...
Q KeT, VoK

re-integrate with actual flux
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Momentum Equation ) .

ou
/Qw-(pat .pu-Vu—S) ds?

+]Vw:adﬂ— w0 -nds+ Tsypy =0
2 o2

ou
/Qw-(pat .p'u,-Vu—S) d§2
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Momentum Equation ) .

ou
/Q'w-(pat .pu-Vu—S) ds?

+/V'w:0'dQ— w0 -nds+ Tsyp, =0
2 o1

ou
/wa-(pat .p'u,-V'u,—S) df2

Z/ wK-&K-ans+Tsupg+...=0
KeT VoK

+/V'w:0'dﬂ—
Q

6 ={0}+ Anu]

Arnold et al. 2002 SIAM J. Numer. Anal., 39, 1749-79.
Domino, S.P. 2010 Center for Turbulence Research Summer Program.
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Lid-driven Cavity Flow ()
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. Sandia
Convecting Taylor Vortex () =,

velocity pressure
u=1-—cos[r(z—t)|sin[r (y —t)] exp (—27°/Re Re 1000
v=1+sin[r (z —t)]cos[r (y — t)] exp (—27°/Re t=1

P = —2{cos 27 (x — t)] + cos [27 (y — )]} exp(—47°/Re)
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Convecting Taylor Vortex e

V_ Magnitude p
1.2 1.8 2.236e+00

-5.000e-01 0.2 0 0.2 5.000e-01

e

7.071e-010.9
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Velocity Errors (i) i,
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Piston System =N
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Piston System
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Sandia
Reduced-Order Model () i

(\l+\l)‘” 'rBJI+KZ=l". L=
do 7 do‘ l\/-_“o
- M. 0 K_"K,. 0
L0 .w,,l‘ L0 Al

M=(M ), B=(8 )

F= g'.\f. - M.
. ” ¥ "! l‘t ‘m[“‘] bellows

Romero et al. 2016 Gas-enabled resonance and rectified motion of a piston in a vibrated housing filled with a visc
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Comparison with ROM ()

Protrusions Half-Aligned
196.2 m/s?, 50 Hz, 950 kg/m?, 0.019 Pa-s
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Romero et al. 2016 Gas-enabled resonance and rectified motion of a piston in a vibrated housing filled with a visc




" " ﬁg%gﬁal
Comparison with ROM ()

Protrusions Half-Aligned. Acceleration 1596.2 my/s¢ Protrusions Half-Algred; Frequency 50 FHzx
y R Ay
Q35 <g/m”, Q00035 Pu-s Q35 wg/m’, Q00035 Pues
. 950 <g/m?, 0.019 Pa-x . a50 </m”, 0,019 Pa-x
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Comparison with ROM ()

Protrusions Half-Aligned: Acceleration 1596.2 m/s¢ Protrusions Half-Algred; Frequency 50 FHzx
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How to transition to NGP () e

120-150'PF
Power and.NVIDIA

4+ portable/performance

4+ heterogeneous architectures
+ MPI + X

4+ OpenMP

+ not proven on GPUs
+ does not handle memory hierarchies

4+ Kokkos




Sandia
Kokkos () i

4+ Goal: performance portability
4+ one code, multiple architectures
+ performant memory access patterns
4+ architecture-specific features
4+ provides
4+ parallel execution policy
4+ architecture-aware data structures
+ backends
4+ OpenMP
4+ Cuda
4+ open source
+ https://github.com/kokkos



https://github.com/kokkos
https://github.com/kokkos
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+ www.github.com/spdomin/Nalu
+ STK based

4+ Trilinos solvers

4+ scaling >500k cores

2D/3D sliding/overset mesh
4+ prototype Kokkos assembly



http://www.github.com/spdomin/Nalu
http://www.github.com/spdomin/Nalu
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EXlStlng Assembly @Laboratories

std::vector<double> |hs, rhs;
for ( auto && bptr : elem_buckets) {
stk::mesh::Bucket & b = *bptr;

std::vector<double> bucket_local data(b.data_size());
lhs.resize(...); rhs.resize(...);

gather_data(b, bucket_local _data);
const stk::mesh::Bucket::size type num_elems = b.size();
for ( stk::mesh::Bucket::size_type k =0 ; k <num_elems ; ++k ) {

stk::mesh::Entity elem = b[K];

compute_kernel(elem, bucket_local_data, |hs, rhs);

matrix.sum_into(elem, |hs, rhs);
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Th readlng |SSU€S @Laboratories

+ |0Ca| Storage std: :vector<double> bucket_local_data(b.data_size());
lhs.resize(...); rhs.resize(...);

+ preallocated storage

4+ bucket size
+ hierarchical parallelism

4+ write conflicts
+ atomics

matrix.sum_into(elem, lhs, rhs);

PSS ———

+ size of mesh data
+ high bandwidth memory for scratch space
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Kokkos Version () i

const int bytes per_team = SharedMemView<double *>::shmem_size(team_data_size());
const int bytes per_thread = SharedMemView<double *>::shmem_size(thread data_size());
auto team_exec = get_team_policy(elem_buckets.size(), bytes _per_team, bytes per_thread);

Kokkos::parallel_for("Alg::execute”, team_exec, [&] (const DeviceTeam & team) {
stk::mesh::Bucket & b = *elem_buckets[team.league_rank()];
const stk::mesh::Bucket::size type num_elems = b.size();

SharedMemView<double*> bucket_local_data(team.team_shmem(), b.team_data_size());
gather_data(b, bucket local data);

SharedMemView<double*> |hs, rhs;

Ihs = Kokkos::subview(
SharedMemView<double**>(team.team_shmem(), team.team_size(), IhsSize),
team.team_rank(), Kokkos::ALL());

rhs = Kokkos::subview(
SharedMemView<double**>(team.team_shmem(), team.team_size(), rhsSize),
team.team_rank(), Kokkos::ALL());

team.team_barrier();

Kokkos::parallel_for(Kokkos::TeamThreadRange(team, num_elems), [&] (const size_t k) {
const stk::mesh::Entity elem = b[k];

compute_kernel(elem, bucket_local_data, Ihs, rhs);

matrix.sum_into(elem, Ihs, rhs);
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Thread Scaling () =,

Assemble Nalu-kokkos
simple heat conduction; 262,144 elements;
run on Shepard (Haswell, 16C/32T per socket)

18
(=] —
=14 - = _
S 12
O.0 «#=OMP-T32
72
> | . “~MPI-16
g 8 v A W ——— |
3 o “~MPI-32
® ~~MPI-16 (master)
§. 4 ==MPI-32 (master)
n

2 !

0 : .

2 4 8 16 32

# sockets
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Experiments () s,

20
Appraximate Theory
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Conclusions and Future Work () e

Reduced-order model -

Cull NS stimulation : il |

Preliminary experiments

+ 4+ ++

Dual-spring experiment that eliminates
stops
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Piston System () e,
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Spllt'dUCt fIOW @Laboratories

V_Magnitude

0.000=+00 0.008 0.016 0.024 0. .534e-02
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Piston System

V_Y

5.857e-01

0.3

0

-0.3
-0.6

-0.9
-2.920e-01

10 g acceleration
100 Hz

Sandia
National
Laboratories




1 ﬁg?igﬁal
DG-style Numerical Fluxes (i) i,

Numerical fluxestt

double-valued nodes




