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Abstract
FLASH is a flexible, modular and parallel application code capable of simulating the
compressible, reactive flows found in many astrophysical environments. It is a collection of
inter-operable modules which can be combined to generate different applications. FLASH is
gaining increasing recognition as a community code with a fairly wide external user base.
Unlike other component-based codes that have historically met with varying degrees of
success. FLASH started out as a more traditional scientific code and evolved into a modular
one as insights were gained into manageability, extensibility and efficiency. As a result, the
development of the code has been, and continues to be, driven by the dual goals of application
requirements and modularity. In this tutorial paper, we give an overview of the FLASH code
architecture and capabilities. We also include an example of a customized application adapted
from the sample applications provided with the code distribution.

(Some figures in this article are in colour only in the electronic version.)

1. Introduction

1.1. Community code

FLASH is a publicly available, component-based, massively
parallel, application code capable of simulating the
compressible, reactive flows found in many astrophysical
environments (Fryxell et al 2000). It has been developed
primarily at the University of Chicago’s ASC/Alliances Flash
Center, founded in 1997 under the auspices of the Department
of Energy Advanced Simulation and Computing program.
The Center’s purpose is to examine thermonuclear flashes,
i.e. events of rapid or explosive thermonuclear burning, that
occur on the surfaces and in the interiors of compact stars.
Scientists at the Flash Center have applied FLASH to a wide
variety of problems, including the Gravitationally Confined
Detonation mechanism for Type Ia supernovae (SN Ia) (Plewa
et al 2004, Jordan IV et al 2007), x-ray bursts (Zingale et al
2001), magnetized galactic bubbles (Robinson et al 2004) and
classical novae (Alexakis et al 2004). The FLASH code has a
wide user base and is unique among astrophysics application
codes in that it has been subjected to a formal verification and
validation program (Calder et al 2002, Weirs et al 2005). The
FLASH code was awarded the 2000 Gordon Bell Award in
the Special Category (Calder et al 2000).

The FLASH code has undergone two major revisions since it
was first released for users outside the Flash Center. It has
attracted a wide range of users and has become a premier
community code among astrophysicists. Many users cite
FLASH’s capabilities, ease of use, scalability and modularity
as the key reasons for their use of FLASH. A recent code
survey of more than 200 users found they use the code
in three major ways. The first group uses FLASH as a
primary research tool for a broad range of applications,
including γ -ray burst jets, galaxy cluster mergers, the effect
of shock waves on cold molecular clouds, stellar winds and
the formation of proto-planetary disks (see figure 1, left
panel). The second group of users employ the FLASH code
for verification and validation. These users primarily attempt
to compare FLASH with other codes or use FLASH as a
benchmark. Still others in this V and V group port FLASH
to new machines to test compilers, libraries and performance.
Finally, the third group uses FLASH for educational purposes.
FLASH has been downloaded more than 1500 times and
used in more than 250 refereed publications, by both Center
members and external users. Figure 1 (right panel) shows that
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Figure 1. Breakdown of primary research areas (left panel) and publications in which the FLASH code was used (right panel). CFD stands
for computational fluid dynamics and ISM stands for interstellar medium.
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Figure 2. Results of the FLASH weak scaling test for the SN Ia application on Seaborg at NERSC. All of the key components of the
application scale well to 4000 processors.

the number of publications has steadily grown as the code has
matured.

between units included in the simulation. The monitoring
units log the progress of the simulation, and measure coarse
grain performance of the included units. The simulation unit
is of particular significance and is treated differently from
all other units in that it defines how a FLASH application
will be built and executed. It also provides initial conditions,
boundary conditions and other parameters specific to the
application. The simulation unit has been designed to enable
customization of the FLASH code for specific applications
without any need to modify any other unit in the code, as
explained in section 2.4.

1.2. Code capabilities
FLASH is not a single application code; instead it should
be viewed as a collection of code units, each of which
controls a particular aspect of an application. The code units
can be permuted in many different ways to create a wide
variety of applications, as evident from the responses in
the code survey described in the previous section. FLASH
capabilities can be broadly classified into five distinct
categories: infrastructure, physics, driver, monitoring and
simulation. Further elucidation is provided in sections
3 and 4.
The infrastructure section of the code is responsible for
housekeeping tasks such as the management of the runtime
environment, the handling of input and output (IO) to and
from the code, and the administration of the solution mesh.
The physics capabilities of the FLASH code include many
solvers for hydrodynamics, equations of state, gravitational
fields, cosmology, source terms, and particles. The driver
unit implements the time advancement methods, initializes
and finalizes the code and controls most of the interaction

1.3. Performance and auditing process
FLASH has always demonstrated excellent scaling and
portability. Figure 2 shows the scaling of FLASH3 on an IBM
power 4 platform when running an SN Ia application, which
is an extremely complex multiphysics application with an
aggressively adaptive mesh. In general, large-scale scientific
simulations have significant performance requirements, and
much of the challenge of developing FLASH has been
balancing the need for performance with the need for
portability and a maintainable and extensible code. As the
complexity of the code and the number of developers have
2
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Figure 3. An example of block-structured AMR mesh where different-sized blocks cover different sections of the domain (left panel), and
a single block surrounded with guard cells (right panel).

grown, code verification and management of the software
development process have become increasingly important to
the success of the project.
The most recent major version, FLASH3, has been
produced under a well-audited software process which
includes a rigorous code verification process, protocols
for code maintenance, coding standards, and guidelines
for documentation. The FLASH code verification process
rests upon a unit-test framework built into the code and
a web-based tool, FlashTest, for regression testing. The
FLASH unit test framework is hierarchical; where possible
it implements tests for code sections that can be compared
against analytical solutions, elsewhere it combines known
good solutions from lower level tests to verify more complex
functionality.
FlashTest runs a series of simulations (the testsuite) on a nightly basis and on a wide variety of
architecture/compiler/operating system combinations, and
verifies the correctness of the resultant data. FlashTest
is a stand-alone application, applicable to many other
applications, and is available from the Flash Center’s website.

supported mesh packages also assume that the blocks are
non-overlapping, though that is not a necessary condition.
An example of different sized blocks covering the physical
domain when using AMR is shown in figure 3 (left panel).
Before handing a block to a physical unit, the Grid unit
surrounds it with a few layers of guard cells (see figure 3,
right panel), whose values are acquired from the appropriate
neighboring blocks. The number of guard cells is determined
by the size of the largest update stencil required by the
numerical solvers. Since the details of acquiring the guard
cells are hidden from the physics units, FLASH can use block
structured meshes interchangeably for the same application.
2.2. Flash unit
In addition to the block structure, the FLASH architecture
is defined by three entities: the unit architecture, the
configuration or setup process, and the specialized Simulation
unit. The general code units publish a clearly defined
application programming interface (API) which includes null
implementations of all the functions in the API. If the unit
is not included in a simulation, the null implementations
permit turning off its functionality without requiring any
modification in the code. At the bottom of the unit architecture
is the Kernel of the unit which implements the core
functionality of the unit. The Kernel is not subject to any
architectural constraints, and therefore third party software
can be easily incorporated at the Kernel level. Between the
published API and the kernel, acting as the conduit, is the
wrapper, which essentially implements the architecture of the
unit. The wrapper defines the subunits and provides helper
functions needed to interface the API with the Kernel.

2. Architecture
2.1. Block
The primary abstraction in the architecture of the FLASH
code is the concept of a block. A block is a self-contained
section of the physical domain on which the physics units can
operate without concerning themselves with the remainder of
the domain. This abstraction is possible because FLASH uses
explicit or semi-implicit numerical schemes where updating a
physical variable value in a cell depends only on the contents
of a few of the surrounding cells. The FLASH Grid unit
views the physical domain as composed of blocks, where
each block covers different fractions of the domain. Currently

2.2.1. Subunits. The units subdivide their functionality into
subunits which are considered peers to one another. The
division of a unit into subunits is based on identifying
3
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self-contained subsets of its API. FLASH allows multiple
alternative implementations of a unit or a subunit, which
can be permuted with alternative implementations of other
units/subunits to create a wide range of applications.
Additionally, a unit may turn off a subset of its functionality
by excluding the corresponding subunit. Subunits have
composite names: the first part is the unit name and the second
part represents the functionality that the subunit implements,
for example GridParticles.

3. Infrastructure
3.1. Spatial discretization: Grid
The Grid unit manages the discretization of the physical
domain and maintains all the data structures necessary for
advancing the solution. The Grid unit has four subunits:
GridMain is responsible for maintaining the Eulerian grid
used to discretize the spatial dimensions of a simulation;
GridParticles manages the data movement related to active
and Lagrangian tracer particles; GridBoundaryConditions
handles the application of boundary conditions at the physical
boundaries of the domain; and GridSolvers provides
services for solving some types of partial differential
equations on the grid.
In the Eulerian grid, discretization is achieved by dividing
the computational domain into one or more sub-domains or
blocks, and using these blocks as the primary computational
entity visible to the physics units, as described in section 2.1.
The data structures for physical variables, the spatial
coordinates and the management of the grid are kept private
to the Grid unit, and client units can access them only
through accessor functions. The Grid unit also manages the
parallelization of FLASH. It consists of a suite of subroutines
which handle distribution of work to processors and guard cell
filling. When using an adaptive mesh, the Grid unit is also
responsible for refinement/derefinement and conservation of
flux across block boundaries.

2.2.2. Data management. Data management in FLASH3
is decentralized so that individual units own the data most
relevant to them. They also control external access to their
data by using accessor functions. For example, the Driver
unit owns the timestep variable. While any unit may read the
value of this variable, the driver alone reserves the right to
modify it. This method works fine for smaller data structures
and scalars; however, it can severely compromise performance
due to excessive copying when fetching large data structures.
Physical mesh variables are examples of such data structures
which are owned by the Grid unit, but almost all units in
the code operate on them. FLASH opts for a compromise by
giving the physics units direct access to a block of grid data via
pointers, thus satisfying both performance and encapsulation
requirements.
2.3. Setup script and Config files
The Configuration process is composed of plain text Config
files that reside with units, and the Python-based setup tool,
which parses them. The Config files communicate the unit’s
specifications such as physical variables, runtime parameters
and other code sections that must be included or excluded
in the simulation to the setup tool. Based on the information
gathered from all the traversed Config files, the setup tools
generates a self-consistent set of units, physical variables
and runtime parameters that define the simulation. It also
generates the runtime environment and the include files that
contain the defined, globally available constants.

3.2. Input/Output (IO)
The IO infrastructure unit not only outputs all the analysis
data from a simulation, but is also responsible for periodically
checkpointing the state of the simulation, and being able to
resume the simulation from a checkpoint file. FLASH uses
parallel IO libraries to simplify and manage the output of large
amounts of data it usually produces. In addition to keeping
the data output in a standard format, the parallel IO libraries
also ensure that files will be portable across various platforms.
FLASH can output data with two parallel IO libraries, HDF5
and Parallel-NetCDF (Argonne National Lab 2008, Li et al
2003, NCSA 2008). FLASH supports HDF5 libraries in both
serial and parallel forms, where the serial version collects
data to one processor before writing it, while the parallel
version has every processor writing its data to the same file.
Also offered is a serial direct FORTRAN IO. This option is
intended to provide users a way to output data if they do not
have access to HDF5 or PnetCDF, or if those libraries not
performing well on a given platform.
The IO unit can output four different types of files:
checkpoint files are used to restart a simulation if it stopped
for any reason, plotfiles contain mesh data and particles files
contain particle data needed for analyzing the results of the
simulation, and a single file called flash.dat contains quantities
such as total energy and momentum which represent the
overall state integrated over all the cells in the computational
domain. FLASH also outputs a logfile as described in
section 3.4.

2.4. Simulation unit
The Simulation units play a very special role in creating
a FLASH application. All features of the code needed to
put together an application reside in this unit. Its Config
file is the starting point for the setup tool and provides the
initial set of units and variables for the new application.
It also initializes the application by providing the initial
and boundary conditions. Additionally, the simulation unit
provides an elegant mechanism for users to customize any
aspect of FLASH by allowing a routine placed in the
Simulation unit to replace any native routine anywhere in
the FLASH source tree. For example, users can provide their
own criteria for refining and derefining the mesh by including
the appropriate files with compatible function interfaces in
their Simulation unit setup directory. Similarly, a runtime
parameter defined in the Simulation unit overrides all values
defined elsewhere in the code. This mechanism also lets users
enhance FLASH code capabilities as needed without altering
the core of the code.
4
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3.3. Runtime environment

4.1.1. PPM.
The compressible Euler equations of
hydrodynamics are solved using an explicit, directionally
split version of the PPM that makes use of second-order
Strang time splitting and allows for general equations
of state (Colella and Glaz 1985, Colella and Woodward
1984). FLASH includes a PPM solver descended from
the PROMETHEUS code (Fryxell et al 1989). PPM
uses a finite-volume spatial discretization of the Euler
equations together with an explicit forward time difference.
Time-advanced fluxes at cell boundaries are computed
using the numerical solution to Riemann’s shock tube
problem at each boundary, where initial conditions assume
the non-advanced solution is piecewise-parabolic in each
cell. PPM is particularly well suited to flows involving
discontinuities, such as shocks and contact discontinuities.
FLASH3 implements several extensions to PPM,
including closer coupling of the hydrodynamic solver with a
gravitational source term, preventing overshoots in the mass
fractions from advection (Plewa and Müller 1999), and a
hybrid Riemann solver which switches to an HLLE solver
which decreases odd–even instabilities that can occur with
shocks that are aligned with the grid.
FLASH also provides support for solving the equations
of special relativistic hydrodynamics (RHD) with an ideal
equation of state. In RHD regimes, transverse velocities do not
obey simple advection equations. Under these circumstances,
Newtonian hydrodynamics is not adequate and a correct
description of the flow must take relativistic effects into
account.

The runtime environment within FLASH3 manages data and
settings that may change as a result of user input. Variables
relevant to each solution algorithm are defined in the plain
text files Config in the different unit directories. Within the
Config files, the variables are declared, typed (e.g. Boolean,
real and integer), given default values and, where possible,
admissible ranges. In addition, a short description of the
parameter usage is provided in this file. As described in
section 2.3, these Config files are parsed by the setup script
when configuring the source tree and are used to create a list
of all the parameters available to the user. Users can override
the default values of the parameter by including the new value
in the flash.par file described in section 5.1.
3.4. Monitoring
The monitoring portion of FLASH3’s infrastructure consists
of logging and timing capabilities. The Logfile unit manages
an output log during a FLASH simulation. The logfile
contains various types of useful information, warnings and
error messages produced by a FLASH run. Other units can
add information such as time stamps, date stamps or arbitrary
messages to the logfile. The logfile also stores metadata
about a given run including the time and date of the run,
the number of processors, dimensionality, compiler flags
and other such information. In addition, the logfile also
records which units were included in a simulation, the runtime
parameters, physical constants and information about species
and their properties.
FLASH includes a set of stopwatch-like timing routines
for monitoring performance; the default implementation uses
the timing functionality provided by MPI. The summaries of
timing measurements are written to the logfile at the end of
the simulation. In addition to an interface for simple timers,
FLASH3 includes a generic interface for third-party profiling
or tracing libraries that provide a structured way to easily
pick different external profiling packages for the code at
compile time.

4.1.2. MHD. FLASH contains MHD solvers useful for
problems of magnetic reconnection typical of solar physics,
as well as problems of magnetically driven outflows
characteristic of many accreting objects such as neutron stars
or black holes. The special relativistic solver is useful for
accretion problems. The FLASH3 code includes two different
algorithms to solve the equations of compressible ideal and
non-ideal MHD in one, two and three dimensions (1D, 2D and
3D) on the Cartesian system. The first is the eight-wave model
by Powell et al (1999). The second is a newly implemented
unsplit staggered mesh algorithm (USM or StaggeredMesh).
The algorithms differ in how each enforces the solenoidal
constraint of magnetic fields, and the directional splitting
techniques for evolving the MHD governing equations.

4. Physics
As described in section 1, FLASH3 is capable of simulating
many astronomical problems and other physical domains
by combining different units. FLASH3 provides many
solvers related to physical, astrophysical and cosmological
phenomena. The routines for cosmology provide a numerical
framework required for solving problems in co-moving
coordinates. These include the evolution of the scale factor
and the redshift assuming a Friedmann–Robertson–Walker
solution. The important physical and astrophysical solvers in
FLASH are described below.

4.2. Source terms
FLASH also has support for source terms in the governing
equations such as stirring and nuclear burning.
4.2.1. Stir. Driving terms in a hydrodynamical simulation
might be useful, for example, to generate turbulent flows or
simulate the addition of power on larger scales (e.g. supernova
feedback into the interstellar medium). FLASH3 has the
capability to directly add a divergence-free, time-correlated
‘stirring’ velocity at selected modes in the simulation, which
is more realistic than white-noise driving. Stirring modes are
evolved in Fourier space by an Ornstein–Uhlenbeck (OU)
random process (Eswaran and Pope 1988). The OU process
‘decays’ the previous value by an exponential and then

4.1. Hydrodynamics
There are three main physics solvers to handle
hydrodynamical problems. The primary one implements
the piecewise-parabolic method (PPM); the relativistic solver
is based on this. In addition, magnetohydrodynamics (MHD)
solvers are provided.
5
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adds a fixed variance Gaussian random variable, weighted
by a ‘driving’ factor. To ensure divergence-free conditions,
the solenoidal component of the velocities is projected out,
leaving only the non-compressional modes to add to the
velocities. The velocities are then converted into physical
space by a direct Fourier transform.

2D axisymmetric cylindrical (r, z) and 3D Cartesian and
axisymmetric geometries. The multigrid solver is appropriate
for general mass distributions and can solve problems with
more general boundary conditions. FLASH3’s solver is based
on Huang and Greengard’s (1999) algorithm, which was
extensively adapted by Ricker (2007).

4.2.2. Burn.
Modeling thermonuclear flashes typically
requires the energy generation rate due to nuclear burning over
a large range of temperatures, densities and compositions. The
average energy generated or lost over a period of time is found
by integrating a system of ordinary differential equations (the
nuclear reaction network) for the abundances of important
nuclei and the total energy release. The resulting stiffness of
the system of equations requires the use of an implicit time
integration scheme.
The nuclear burning implementation of the Burn
unit in FLASH3 uses a sparse-matrix semi-implicit
ordinary differential equation (ODE) solver to calculate
the nuclear burning rate and to update the fluid variables
accordingly (Timmes 1999). FLASH3 contains three reaction
networks, with 7, 13 or 19 isotopes.

4.5. Particles
FLASH3 supports both active and passive particles. Active
particles have mass, and contribute to the dynamics of the
simulation; they are often used to calculate gravitational
fields in cosmological simulations. Massless passive particles
follow the motion of Lagrangian tracers, make no contribution
to the dynamics and are useful for simulation diagnostics.
For both types of particles, the primary challenge is
to integrate the velocity equation forward through time. In
FLASH3, active particles implement time integration through
a first-order Forward Euler scheme, or a variable-timestep
leapfrog algorithm which is adaptable to cosmological
simulations. Passive particles advance in space through
a first-order Forward Euler, a two-stage Runge–Kutta
algorithm, a second-order Midpoint or two variations of a
predictor–corrector method.
Particles behave in a fundamentally different way than
grid-based quantities. Lagrangian or passive particles are
essentially independent of the grid mesh and move along
with the velocity field. Active particles may be located
independently of mesh refinement. In either case, there is a
need to convert grid-based quantities into similar attributes
defined on particles, or vice versa. Methods must be consistent
to avoid introducing numerical error in the cell-averaged
scheme of FLASH3. The mapping algorithms consist of a
second-order accurate quadratic interpolation back and forth
from the closest mesh points, or a cloud-in-cell technique,
which uses simple linear weighting from grid points located
within a given distance from the particle.

4.3. Equations of state (Eos)
As described in previous sections, FLASH evolves the Euler
equations for compressible, inviscid flow. This system of
equations must be closed by an additional equation that
provides a relation between the thermodynamic quantities of
the gas. This relationship is known as the Eos for the material,
and its structure and properties depend on the composition of
the gas.
Four implementations of the Eos unit are available
in the current release of FLASH3, three of which
implement perfect-gas equation of state (Colella and
Glaz 1985) for simple, relativistic and multiple fluids,
respectively. Additionally, there is an implementation that
uses a fast Helmholtz free-energy table interpolation
to handle degenerate/relativistic electrons/positrons and
includes radiation pressure and ions (via the perfect gas
approximation) (Timmes and Swesty 2000).

5. Example: supersonic turbulence
Here, we demonstrate how to create a simulation in FLASH3,
using the specific application example of homogeneous
isotropic isothermal supersonic turbulence. The physics of
this problem is applicable to the study of star-forming giant
molecular clouds (GMCs).
While it is possible to formulate a problem using
dimensional units, a dimensionless formulation is far more
preferable, since it allows the system to be scaled naturally,
using a fiducial set of dimensional parameters. In addition,
the process of constructing a simulation in dimensionless units
requires us to identify the characteristic scales of the system,
which often sheds light on the physical processes involved,
in and of itself.
A characteristic scale x exists when a dimensionless
parameter 5(x, y, z, . . .) crosses a critical value (typically
of order unity) as a function of the dimensional parameter
x. An example is the Jeans length scale of self-gravitating
hydrodynamic turbulence (Jeans 1902). At the Jeans length
scale λJ , the ratio of gravitational to thermal energies is equal.
Defining the ratio of gravitational binding energy to thermal

4.4. Gravity
The Gravity unit supplied with FLASH3 computes
gravitational source terms for the code. These source terms
can take the form of the gravitational potential φ(x) or the
gravitational acceleration g(x), The gravitational field can be
externally imposed or self-consistently computed from the gas
density via the Poisson equation. The FLASH distribution
includes three simple externally applied gravitational fields,
each provides the acceleration vector g(x) directly, without
using the gravitational potential φ(x).
For Newtonian gravitational fields produced by the
internal matter in a simulation, gravitational potential and
acceleration can be calculated using either a multigrid scheme,
or for more symmetrical problems, a faster multipole scheme.
The multipole-based solver for self-gravity is appropriate
for spherical or nearly-spherical mass distributions with
isolated boundary conditions in 1D and 2D spherical,
6
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energy to be the dimensionless Jeans number J , we have
(within factors of order unity)
Jeans number J ∼

G M 2 /L
,
Mcs2

5.1. The simulation unit
All FLASH applications reside in the Simulation unit.
A new application is generated by creating a new directory
containing the alternative implementation of the Simulation
unit. The directory contains custom implementations
of functions to initialize the FLASH grid, and other
problem-specific function implementations that override the
default implementation of those functions elsewhere in the
source code tree. The directory also includes a Config file
which contains information about infrastructure and physics
units, and the runtime parameters required by the simulation.
The files that are usually included in the Simulation
directory for an application are:

(1)

where M is the mass of the region contained within a length
L, cs is the sound speed and G is the universal gravitational
constant. The characteristic Jeans length scale can be found
by setting J = 1.
s
Jeans length λJ '

cs2
.
Gρ

(2)

Config

The characteristic scale typically marks a transition
between two different physical regimes. For instance, in the
above example, at length scales above the Jeans length,
gravitational binding energy exceeds thermal energy, resulting
in a gravitationally unstable configuration.
In the case of homogeneous isotropic isothermal
supersonic turbulence, there is only one characteristic scale,
which is the length scale at which the RMS Mach number
of the turbulence transitions through unity, resulting in a
transition from supersonic to subsonic flow. According to
Larson’s law (Larson 1995), the characteristic RMS velocity
on the scale r varies as
RMS velocity 1vr = Mcs

 r 1/2
L

,

Makefile
Simulation data.F90

Simulation init.F90

(3)

where M is the 3D Mach number of the flow on the integral
scale L, and the isothermal sound speed is cs . Consequently,
the length scale at which the RMS turbulent velocity of the
flow transitions from supersonic to subsonic can be found by
setting the Mach number on the scale r , Mr , to unity, Mr = 1.
Hence, the length scale at which the flow transitions is equal
to L/M2 . This length scale is often referred to as the sonic
length.
We formulate the supersonic turbulence problem in
dimensionless units such that M = L = cs = 1, where M is
the total mass on the problem domain, L is the box edge length
and cs is the isothermal sound speed. The problem is then fully
specified by a single dimensionless parameter, the 3D Mach
number M3D . In the following problem setup, we will use a
3D Mach number, M3D = 4.
This convenient system of dimensionless units can be
quickly and easily scaled. For the purposes of providing a
reference point, it is often useful to scale the problem in
terms of fiducial dimensional values—in this case, a mean
mass density ρ0 , isothermal sound speed cs and box edge
length L. For fiducial values typical of nearby star-forming
GMCs (ρ0 = 10−20 gm cm−3 , cs = 2 × 104 cm s−1 , L = 2 pc),
we find that the total mass on the problem domain is M =
1.2 × 103 M , the sonic length is approximately 0.1 pc, and
the Jeans mass based on the density at the sonic length (scaled
using Larson’s mean density law) is 1M . These conditions
on the box scale are typical of observed GMC ‘clumps,’ and
the corresponding values on the sonic scale of observed GMC
‘cores’.

Simulation initBlock.F90

Simulation initSpecies.F90

flash.par

Lists the units and
variables required for
the problem, defines
runtime parameters and
initializes them with
default values.
The gmake include
file for the Simulation.
Fortran module, which
stores data and
parameters specific to
the Simulation.
Fortran routine, which
reads the runtime parameters and performs
other necessary
initializations.
Fortran routine for
setting initial conditions in a single block.
Optional Fortran
routine for initializing
species properties if
multiple species are
being used.
A text file that
specifies values for the
runtime parameters.
The values in flash.par
override the defaults
from Config files.

In addition to these basic files, a particular simulation
may include some files of its own. These files could provide
either new functionality not available in FLASH, or they
may include customized versions of any of the FLASH
routines. For example, a problem might require a custom
refinement criterion instead of the one provided with FLASH.
Customized implementations in the Simulation directory
replace FLASH’s own implementation when the problem is
set up.
The FLASH manual contains a fully worked example
on how to set up a new setup from scratch, using the Sod
problem. Here, we describe how to quickly and easily set up a
supersonic turbulence simulation, using the existing subsonic
turbulence setup which comes with the FLASH distribution as
a starting point.
7
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file, changing gamma to 1.001, st energy to 0.25, and
st stirmax to 12.5664. Lastly, for robustness, one must
comment out the nonconvergence criterion in the Riemann
solver in rieman.F90. This last step effectively converts the
existing iterative Riemann solver to a non-iterative solver.
The next step is to run the setup utility, choosing uniform
grid options with 643 blocks.
./setup -3d SupersonicTurb -nxb = 64 -nyb = 64
-nzb = 64
-jobdir = SupersonicTurbDir +ug -auto
Running the executable in parallel on eight processors
gives a resolution of 1283 cells—mpirun -np 8 ./flash3.
Figure 4 shows the root mean square (rms) Mach number
plotted against the simulation time scaled by the crossing time
of the simulation domain.

Figure 4. 3D rms Mach number as a function of dimensionless
time for the supersonic turbulence example.

5.2. Visualization

The desired physics includes an isothermal equation
of state, a driving term to sustain supersonic turbulence at
a steady state, and compressible hydrodynamics. One can
exploit the modularity and extensibility of FLASH to easily
include these relevant pieces of physics.
To begin, copy the directory /source/Simulation/
SimulationMain/StirTurb to a new directory /source
/Simulation/SimulationMain/SupersonicTurb. In the
new SupersonicTurb directory, edit the flash.par

FLASH3 provides a library of IDL-based routines for
simple analysis and visualization of simulation results. In
addition, the developers of FLASH also highly recommend
VisIt, a free parallel interactive visualization package
provided by Lawrence Livermore National Laboratory (see
http://flash.uchicago.edu/website/codesupport/visit/). VisIt
runs on Unix and PC platforms, and can handle small
desktop-size datasets as well as very large parallel datasets in

Figure 5. Results of the supersonic turbulence example showing log of density using VisIt’s data visualization features.
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the terascale range. VisIt provides a native reader to import
FLASH2.5 and FLASH3 datasets. Figure 5 demonstrates the
results of the fully turbulent supersonic example using VisIt.
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6. Summary and conclusions
FLASH has been successful in simulating a wide variety
of astrophysical problems both within the Flash Center
and in the external community. The code has steadily
gained acceptance since its initial release for the following
reasons. Firstly, it is easily ported to a variety of computer
architectures and the distribution includes support for many
standard machines. Secondly, creation of new applications
is straightforward and well documented, and the suite of
tools provided allows users to quickly process and interpret
simulation results. Thirdly, the modularity of the code allows
users to readily add functionality.
The unusually large scale of FLASH necessitates the
adoption of practices widely in use commercially but not
typically found in an academic scientific project. The
principal lesson learned during the development of FLASH
is the importance of good software practices. These include
thorough documentation, detailed design specifications for the
framework and components, and especially regression testing,
which is essential in a project with multiple developers.
FLASH3 builds upon the success of earlier versions
and promises a more modular architecture that will be easy
to augment and maintain without sacrificing computational
efficiency.
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