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ABSTRACT

Due to the radical strides of computers and networks, Computational Science and Engineering (CSE) such as CFD have
been in progress of technical innovation. By this progress, application of CSE for practical subject has made great
expansion to its possibility. Following the change, application software has become enlarged and complicated, and
development of application software has become more difficult. Although Computational Science and Engineering is on
a rapid progress, it is highly required to surmount following technical themes for the present, in order to come off the
technical innovation making the best use of hardware improvement and storage of information technology.
Establishment of (Dparallel processing technique for tasks, @Dtechnology integrating plural software on network and
constructing software solving more complicated large-scaled problems, and ®simulation technique of multi-scale and
multi-physics. Technical problems that Computational Science and Engineering is come up against are "Integration" in
short. Above technical themes are the present themes necessary to materialize the "Integration". Technical innovation
of Computational Science and Engineering is about to change the concept of currently used computer system centered
toward "PSE: Problem-Solving Environments" providing all the hardware and software needed for the solution of
subjected problems.
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Turbulence
* Spectral modeling
+ Direct numerical simuiations
« Engineering models

Reactive Flow and Combustion
« Automotive flows
KIVA-3, KIVA-F90, KIVA-AC,
NO-UTOPIA,
Hydrogen-fueled powerplants
+ Wildfire code for Crisis Management Material modeling
« High strain-rate plastcity
« Ductile and brittle failure
» Composites

Multiphase/Multimaterial/Multifield
« Reactive-multiphase flow (CFDLIB)
« High distortion flows (PAGOSA)

. Casting (TELLURIDE) Miscellaneous

« CO, elimination
« Underground tunnel location
< and others

Particle methods
* MHD (FLIP)
+ Granular flow modeling

Comments *
* Mostly in collaboration
« Funding from
Industry partnerships
DOE thrust areas
Internal research support

Global modeling - Parallel computing
+ Ocean flow modeling (POP)
* Ocean ice modeling (CICE)
* Coupled Ocean-Atmosphere modeling
* Mantle dynamics .
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Combustion interface , Interior cavity
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O \\ “\_ " Combustion-injection boundary layer model
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AN ~ Thermoviscoelastic model

"\ Thermomechanical foam model

™ Thermoelastic mode!

X6 EFEOsy boO#Rx

~

Nozzle
/S

Y
e /
Va LES model

Elasticity/ablation model

Exhaust
plume

/
/

GEN1 code: (simplified) normal burn
-~ Structure i

-

e

Case and Propellant

liner

Linear elastic {Linear elastic

Elastoplastic s | Viscoelastic

Thermo-
elastoplastic

Legend:
I Successive refinements
of simuiation components
O"‘ Subscale model for
accident scenarios
Fiow of physical data
———— between simulation
components
Subscale simulations
performed separately for
modeling input
Subscale models included
(n) in global simutation of
abnormal burns

Validation

T
Targets

«individual components
*Subscale models

*System simulations

Methods
< Anatytical (vs. closed-form
solutions)

*Numerical (vs. simpler

Case and liner

Thermoelasto-
plastic elastic

Umproved[z] Fracture[T1] Y improved

' liner model  \(2Y4]5)®) propellant

Nozzle -

Thermo- |

p. 1| - Core flow

" improved

single-phase LES

numerical models)
*Experimental (vs. test data—
for example, CNEM)

Computer science activities

Component

*Mesh generation (structured
and unstructured)

Thermo “‘inert LES . "Igniter -+ *= infrastructire
elastoplastic T A aan K <. ¢ |Two-phs 't"r;m;l"'nt +Paraliel IO
ablation Twojphase wo-phase turbule; * Performance tools
*avlaton reactive LES inlet conditions +{ | | . compilers

+Parallel solvers
*Performance optimization
Integration
*Component interfaces
+Shared data stuctures
*Geometry
+Orchestration
Load balancing
Flow control
Checkpointing/restart

* Visualization (NCSA)
*Runtime support

@ Intergranular cohesive failure
@ Ductile/cleavage fracture

LSJ Subscale analysis of binder failure

@ Reactive flow in propagating crack

Subscale simulations and physical models
Micromechanical model of particulate composite

Micromechanical propeflant combustion interface layer

[ZI Micromechanical foam model

@ Direct numerical simulation of compressible turbulence

@ Direct numerical simulation of turbulent particle
dispersion

Particte combustion simutation

@ Micromechanical DDT model
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