Hydrogen ingestion flash in Sakurai’s object

Adapting the PPMstar Code
to run on GPUs

Paul Woodward
Laboratory for Computational Science & Engineering
University of Minnesota
Pei-Hung Lin
Lawrence Livermore National Laboratory



50000
45000
40000
35000
30000
25000
20000
15000
10000

5000

| |
conv. bound .

r [km]

2 15 -1 05 0 05 1 15 2
t [yr]

Time evolution of the radial locafion of the He-shell flash convection zone based on the 1-D stellar evolution model of
Herwig. Timeis set to 0 at the peak of the He-burning luminosity. Dots represent individualtime steps. Lagrangian
lines at different mass fractions are shown. The convection zone grows both in radius and in mass fraction over the 2-
year interval shown. Our simulation is perfformed at abouttime 0.2 yr on this slide.
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Here we see the upper boundary of the

convectionzone above the helium burning shell, looking from the center of
the star outward. The blue descending plumestrace out the convectioncells
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Burning is now
occurring at

a larger
number
of loca-
tions
at the

Sakurai’s Object
H-ingestion
simulation on Blue
Waters machine in
Jan., 2014, on a
grid of 15363 cells.

We see a
hemisphere and
make only mixtures
of entrained
hydrogen-rich gas
with gas of the
helium shell flash
convection zone
visible. The energy
release rate from
burning ingested H
is shown in very
dark blue, yellow,
and white.

t =650 min.



The burning front
has now reached
the antipode,
where
violent,
localized
energy
release
drives
the
oscill-
ation
back
to its
origin-
al site.

GOSH =
Global
Oscillation
of Shell

Hydrogen
ingestion.

Sakurai’s Object
H-ingestion
simulation on Blue
Waters machine in
Jan., 2014, on a
grid of 15363 cells.

We see a
hemisphere and
make only mixtures
of entrained

. hydrogen-rich gas

with gas of the
helium shell flash
convection zone
visible. The energy
release rate from
burning ingested H
is shown in very
dark blue, yellow,
and white.

t=1188 min.



The GOSH is
indeed global.
This flow has
al-D
average,
butit is
by no
NEERES
a l-D
phen-
omen-
on.
Blue
Waters
makes
it possi-
ble to
see the
GOSH in
its full 3-D
complexity.

Sakurai’s Object
H-ingestion
simulation on Blue
Waters machine in
Jan., 2014, on a
grid of 15363 cells.

We see a
hemisphere and
make only mixtures
of entrained
hydrogen-rich gas
with gas of the
helium shell flash
convection zone
visible. The energy
release rate from
burning ingested H
is shown in very
dark blue, yellow,
and white.

t=1200 min.



Once the GOSH
guiets down,
after about
a day in
the life
of this
star,
we

carry-
ing our
descrip-
tion of
the star
forward
with a 1-D
stellar evolution
code, suitably
modified.

Sakurai’s Object
H-ingestion
simulation on Blue
Waters machine in
Jan., 2014, on a
grid of 15363 cells.

We see a
hemisphere and
make only mixtures
of entrained

. hydrogen-rich gas

with gas of the
helium shell flash
convection zone
visible. The energy
release rate from
burning ingested H
is shown in very
dark blue, yellow,
and white.

t=1212 min.



Sakurai’s Object
H-ingestion
simulation on Blue
Waters machine in
Jan., 2014, on a
grid of 15363 cells.

We see a
hemisphere and
make only mixtures
of entrained
hydrogen-rich gas
with gas of the
helium shell flash
convection zone
visible. The energy
release rate from
burning ingested H
is shown in very
dark blue, yellow,
and white.

t=1225 min.



Sakurai’s Object
H-ingestion
simulation on Blue
Waters machine in
Jan., 2014, on a
grid of 15363 cells.

We see a
hemisphere and
make only mixtures
of entrained
hydrogen-rich gas
with gas of the
helium shell flash
convection zone
visible. The energy
release rate from
burning ingested H
is shown in very
dark blue, yellow,
and white.

t=1238 min.



Sakurai’s Object
H-ingestion
simulation on Blue
Waters machine in
Mar., 2015, on a
grid of 15363 cells.

We see a
hemisphere and
make only mixtures
of entrained
hydrogen-rich gas
with gas of the
helium shell flash
convection zone
visible.
Vorticity in a thin
slice shows
convection
penetrating into
upper, H-enriched
layer.
t = dump 1406
1261 min.



Sakurai’s Object
H-ingestion
simulation on Blue
Waters machine in
Mar., 2015, on a
grid of 15363 cells.

We see a
hemisphere and
make only mixtures
of entrained
hydrogen-rich gas
with gas of the
helium shell flash
convection zone
visible.

Vorticity in a thin
slice 90° from
previous one shows
that H-ingestion
has reached an
entirely new level.

t = dump 1800






