
Sensitivity Analysis

C-SAFE has under taken a sensitivity analysis of our fire/container simulations 
to study the effect of variations in a number of variables.  These variables 
include 1) pool fire diameter (0.5 and  1.0m fires), 2) wind speed (0 and 4 m/s), 
3) container position relative to the fire (in or next to the fire), and 4) fuel evapo-
ration rate (1.6 and 6.4 mm/min). Below are visualizations of several of these 
simulations. During the first part of the simulation, the average heat flux from 
the fire to the container is calculated.  This heat flux is then used during the 
heat-up phase of the simulation, leading to the explosion phase.

Uintah Computational Framework (UCF)

The UCF is a component based software system with capabilities such as semi-
automatic parallelism, automatic checkpoint/restart, load-balancing mechanisms, re-
source management, and scheduling. The UCF exposes flexibility in dynamic applica-
tion structure by adopting an execution model based on software or "macro" dataflow. 
Computations are expressed as directed acyclic graphs of tasks, each of which con-
sumes some input and produces some output (input of some future task).  These inputs 
and outputs are specified for each patch in a structured grid.  Tasks are organized in a 
UCF data structure called the task graph and assigned to processing resources by the 
scheduler. Load balancing is done by using a fast space filling curve algorithm.

Microscale Fluid Structure
Interaction in the Slip
Flow Regime

An array of pins under going deformation 
caused by the asymmetric oscillating vortices on 
the downstream side of the micro pin fins at 
Reynolds numbers greater than 47, producing a 
time-varying pressure differential. The fin motion 
increases local heat transfer due to enhanced 
mixing and the increased relative velocity of the 
flow over the solid surface with potential applica-
tions in CPU cooling.

Diverse Problem Applicability
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We have identified algorithms and data structures that depend on the number of 
processors that have been the bottlenecks for achieving scaling on nearly 100K 
cores.  By eliminating or reducing this dependency by using more efficient algo-
rithms and data structures, we have been able to achieve the following scaling im-
provements on Kracken on over 90K cores for highly complex fluid-structure inter-
action problems on structured AMR grids. In addition to general algorithmic and 
data structure improvements, we have also implemented dynamic scheduling al-
gorithms that overlap computation and communication for the task based formu-
lation of the PDE solvers. Wait times have been reduced in the as shown by the 
Task Wait Time Speedup graph.

MPM Foam Compaction

Material Point Method simulation of com-
paction of a 1 mm cubed sample of reticu-
lated foam. Initial geometry was collected 
via micro-CT with each voxel in the 3D 
image chosen to represent either the 
parent material, or void, depending on the 
image intensity.  Individual particles are 
colored by equivalent stress.

Angiogenesis

Implicit Material Point Method simulation of a 
microvessel embedded in a collagen matrix 
(collagen particles not shown, to highlight the 
non-uniform stress throughout the vessel), 
subject to globally uniform strain.  Initial ge-
ometry collected via scanning laser confocal 
microscopy.  Particles are colored according 
to equivalent stress, the non-uniformity of 
which is due to the complex geometry along 
with the difference in material properties be-
tween the collagen and vessel.

Hypervelocity Impact of Granular Materials

Small shaped charges are used to perforate through steel wellbore casing into reser-
voir rock to provide conduits through which to extract hydrocarbons. Two dimensional 
simulations of high speed impact of tungsten particles into a collection of quartz 
grains representing Berea sandstone showing the initial and final impact effects.  
These simulations have been useful in observing the collapse of porosity and varia-
tions in depth of penetration due to changes in initial conditions.

Flare Simulations

Carried out on the LLNL machines LCR, 
Thunder, and ALC. Number of processors 
ranged from 54 to 120 depending on the 
domain size which was typically 1m x 1m x 3m 
and each simulation was resolved to 1 cm3. 
The prediction of the flame shape and tilt using 
large eddy simulation (LES) is consistent with 
the experiments. The prediction of pollutant 
emissions is currently being studied. 
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Task Graph

Each algorithm (Particle simula-
tion, fire simulation, etc.)  
provides the scheduler with a 
description of the computation, 
including required inputs and 
produced outputs. This allows 
the scheduler to produce the 
task graph that dictates the 
order of execution of the tasks. 

Software Outline

This coupled multi-physics integrated simulation consists of three phases (all run within the UCF).  First is the simulation 
of the fire and calculates the time averaged rate of heat transfer to the container.  Second is the heat up of the container 
in which the heat is transferred from the fire, through the container, and into the explosive.  The final phase occurs when 
the explosive begins to convert from the solid to the gaseous phase.
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Software Developement and Science Gateway

We are using the NMI Build and Test infrastructure as well as running a buildbot 
continuous integration system.  Uintah will also have a science gateway portal 
that integrates various Teragrid resources into a unified front-end allowing for 
easy deployment and flexible work flow patterns for both novice and experienced 
developers and users.
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