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Thermal, Fluid, and Aero Sciences

Mission
Provide the research, development, and applications expertise in thermal,

fluid and aero technology areas required for Sandia to accomplish its

mission in nuclear weapons and other national security areas
Aero Science & Technology

sCompressible Flows

Fluid & Thermal Mechanics
Multiphase Energy &

Manufacturing Flows » Aerothermodynamics
*Non-Newtonian Flow *Fluid/Structure Integration
*Radiative/Conductive/ *Aero & Flight Dynamics
Convective Transport Parachute Technology

Porous Flow

Noncontinuum
transport processes

*Aerosol Transport

Reactive Pr_ocesses Experimental Technology
‘Polymeric & «Advanced Diagnostics
Energetic Materials

Fundamental Expts

Combustion
* Phenomenology

eCorrosion &
Electro- Chemistry * Matls Charact.
*Model Validation




Key Technologies Of T-F-A Discipline

Thermal, Fluid &
Aero Sciences

(~85 Staff) -
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Thermal, Fluid & Aero Experimental
Sciences - Department 1512

Focus: R&D experimental activities in fluid &
thermal sciences that support/complement
computational efforts within the Center and
Sandia, with a focus on:
- Diagnostics development
- Fundamental experiments

Phenomena definition
Material characterization
- Validation studies




Thermal Fluid & Aero
Experimental Sciences

sFocus is on research and development experimental activities in fluid and thermal
sciences which support/complement computational efforts within the Center and
Sandia

- Diagnostics development

- Benchmark experiments/validation studies

- Physics definition
* Engineering support to wide variety of weapons and energy-related programs

- Aerosciences Support for Defense Programs and Reimbursable Programs

- Advanced Diagnostics & Experiments Supporting DP and Reimbursable
Programs (PLIF/PIV diagnostics & thermal convection studies)

- Weapon Response/Weapon Surety (Foams, Energetic Materials)
- Basic Energy Sciences - Rheology Work
- Applied Energy Programs including:

DOE/Industrial Technologies Program:

Gas-solid circulating fluidized bed, dense fluidized beds, trickle bed reactors
Slurry-Phase Flows for DOE/NETL and Air Products
ACTI Proppant Transport and Hydraulic Fracturing
- Internally funding research including LDRD and ESRF

*Oversee Thermal/Fluids Experimental Sciences activities of Building 865



Engineering Sciences Experimental
Facility Overview

Facility is comprised of two distinct work environments

- Aerosciences Facilities
- Thermal/Fluids Laboratories

Aerosciences Facilities
e Transonic Wind Tunnel
e Hypersonic Wind Tunnel
* High Altitude Chamber
« Computer/Control Room
» Archival Library

Thermal/Fluids Laboratories

« 9 Laboratories (1-2 person labs)

» Large industrial multiphase flow experiments
*Bubble Column
*Gas-Solid CFB
*Fluidized Beds
*Trickle Beds

 Thermal Contact Resistance Facility

* Micro-Focus X-ray Diagnostic Facility

« 2 High-bay staging/work areas

Building 865 (ESEF)



T-F-A Experimental Facilities:
Experimental and Diagnostics Capabilities

Full range of Pressure and Temperature Monitoring Systems
High Speed Photometric (Camera and Video) Systems
Optical Diagnostics

- Laser systems (Class Il & V)

- LDV/PIV/PLIF/ICARS
- Holography/Interferometry

Spectroscopy (TOFMS, Infrared and FTIR)

Aerosol Measurement and Calibration

Rheometric Measurement (Fluid and Suspensions)

Gamma-Beam Densitometry and Electrical-Impedance Tomography
Micro-focus X-ray System and Profilometer

Thermal Measurements from Contact Resistance Expt.

Transonic and Hypersonic Wind Tunnels

Large Vacuum Test Chambers

Thin-Film Deposition

LAN and Computer Data Acquisition Systems (mostly LabVIEW)



Aerosciences Facilities

eTransonic Wind Tunnel

* Hypersonic Wind Tunnel

* High Altitude Chamber

 Light electrical & mechanical
assembly area

» Aero Control/Computer work areas

Hypersonic Wind Tunnel

e Archival Library

Transonic Wind Tunnel High Altitude Chamber



Fluid Dynamics of a Supersonic
Jet in Crossflow

Measurement Techniques:
 Static pressure measurements (PSI)

» Surface flow tracers (Liquid Crystals)
» Laser Doppler Velocimetry (LDV)
* Future techniques
* Planar Laser Mie Scattering (PLMS)

e Planar Laser-Induced Fluorescence
(PLIF)

» Particle Image Velocimetry (PIV)

Studies will enable fundamental
understanding of flow phenomena critical to
B61 & B83 spin rocket motor performance

L




Thermal/Fluids Experimental
Laboratories/Facilities

Polymer and EM _ -
Decomposition Studies Laser Diagnostics (Development

and Application)

Lab-Scale Thermal and Fluids
Experiments

Industrial-Scale Bubble
Column Facility

Multiphase Diagnostics
Development



Supporting Validation with
High-Quality Data

Diagnostics Development/Implementation to Characterize Fire Environments

Computational Tool: Sierra/ Fuego

This fire simulation code uses submodels
for physics processes with length scales
below about 1 cm including, turbulence,
scalar mixing, combustion, soot
generation, radiation properties.

Uncertainties exist due the submodels,
boundary conditions, and numerical
approximations.

Experiments need to acquire time and
spatially resolved turbulent velocity and
concentration field information to assess
turbulent models in buoyant flows.

Experiments performed in helium plumes
and hydrogen and methane fires

Data have been used to “calibrate/validate”
fire physics submodels

Currently extending to liquid fuels



Engineering Sciences
Multiphase Experiments and Modeling

Capabilities and experience:
» Design, assembly, and operation of large-scale
experimental testbeds
» Development and implementation of advanced
diagnostics for multiphase measurements
« Gamma densitometry tomography
 Electrical impedance tomography
 Electrical and optical probes
» Radioactive particle tracking (with
Washington University in St. Louis)
» Data acquisition and analysis in conjunction with
computational simulations
« Computer simulations of multiphase flows using:
» Arena-flow
* Fluent
* GOMA, ...

Prior and ongoing projects:

* Circulating Fluidized Bed (FCC, MFDRC program)

» Dense Fluidized Beds (Fluid and Flexi Coking,
current ITP program)

» Trickle Beds (current ITP program)

 Slurry bubble column (Fischer-Tropsch, with Air
Products, NETL)

Arena-flow™ simulation of solids
loading in riser shows core-annular
flow

Solidsfrom  Solids+air into
hopper disengagement section
| i

l D

Example data plot showing
axial solids loading profile
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Air inlet

Radioactive particle tracking in
Sandia riser

Contacts:

* Experimental:
Tim O’Hern, (505) 844-9061, tjiohern@sandia.gov
Rob Tachau, (505) 845-7157, rdtacha@sandia.gov

* Computational:

John Torczynski, (505) 845-8991, [rtorcz@sandia.gov
Joel Lash, (505) 284-4518, jslash@sandia.gov

Arena-flow™ simulations of solids
loading in fluidized bed and riser




Multiphase Flow Research
Mission Statement

diagnostics, testbeds model validation

»

data sets at
industrial conditions

»

design and scaleup

To develop advanced multiphase-flow diagnostics and apply them at
iIndustrial conditions to enable physics definition, design/scaleup,
and computational model development/validation



Multiphase Fluid Dynamics
Research Consortium

5-year DOE OIT program. Sandia’s goal was to
acquire detailed data sets needed to validate
computational models for turbulent gas-solid flow
under industrial conditions. Partners were:

* National Labs: Sandia, Los Alamos, Pacific
Northwest, NETL, Oak Ridge

* Industries: AEA Technology, Chevron, Cray/SGl,
Dow Chemical, Dow Corning, DuPont, ExxonMobil,
Fluent, Millennium, PSRI, Siemens Westinghouse

e Universities: lllinois Inst. Tech., lowa State,
Princeton, Purdue, WUStL, U. Colorado, U.
Michigan

SNL activities included:

» Developing and operating industrial-scale
circulating fluidized bed test (CFB) facility (FCC
powder or glass beads in air flow)

» Developing and applying advanced diagnostics to
acquire data needed to characterize gas-solid flow
in the riser portion of the CFB

» Obtaining detailed data sets for model
development/validation and working closely with
computational team (mainly LANL) on validation

* Running simulations of riser flow using Arena-
flow™

Al
[

Cluster formation in riser
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Example data plot showing

axial solids loading profile ) o
Industrial-scale gas-solid riser testbed

*Test section: 15’ high, 6” ID

*Turbulent flow: ~10 m/s gas velocity
*High solids loading: ~20% by volume
*Extensive diagnostics for detailed data

Arena-flow™ simulation of solids loading in
riser shows core-annular flow




Enhanced Productivity of Chemical
Processes Using Dense Fluidized Beds

Ongoing DOE OIT (ITP) program. Sandia’s goal is to perform experiments to acquire detailed data
sets needed to validate and improve computational models for gas-solid flows.

Industrial partners: Arena-flow, ExxonMobil, Millennium

SNL activities:
* Develop and run experiments in lab-scale 2D and 3D fluidized beds including base and side jet injection
» Develop and apply diagnostics to acquire data needed to characterize gas-solid flow
*Pressure, flowrates, temperature humidity
*Visualization and velocity measurements
sCarryover measurement
» Obtain detailed data sets for model development/validation and work closely with computational team on

validation
* Running gas-solid flow simulations using Barracuda™ from Arena-flow



Advances in Process Intensification
through Multifunctional Reactor Engineering

Ongoing DOE OIT (ITP) program. Sandia’s goal is to acquire detailed data sets on
flow regimes, liquid holdups, and liquid-liquid mass transfer needed to develop
models for three-phase industrial flow.

Industrial partners: CDTech, CR&L, ABB Lummus

SNL activities include:

* Develop and operate industrial-scale downflow
gas-liquid reactor to measure liquid-liquid mass
transfer and the impact of flow regime on mass
transfer rates

* Develop and characterize mass transfer
diagnostic based on fluorescein diacetate

conversion to fluorescein. Fluorescein diacetate Fluorescein diacetate
from organic liquid (toluene/isododecane mix) conversion to fluorescein (left)
hydrolyzes to sodium fluorescein in the aqueous Industrial-scale cocurrent

downflow testbed

Talmor (1977)
d=0.64cm
d=0.95cm
d=111cm

liguid phase (containing NaOH).

« Develop and operate lab-scale air-water § » .
cocurrent downflow system for characterization < *f -
of flow regimes and liquid holdup for a wide
range of operating parameters and packing
materials.

GIL)(r /Ty

10°F

10" 10° 10" 10°
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Data showing effect of packing size on Schematic of cocurrent
flow regime map downflow column



Slurry Bubble-Column Reactor
(SBCR) and Experimental Techniques

* Three-phase flows at industrial
conditions: elevated pressure, SBCR
temperature, and gas flow rate, of
interest for Fischer-Tropsch
synthesis

« Gamma-Densitometry SBCR
Tomography (GDT): validated for
guantitative gas-volume fraction
profile measurements
» Electrical-Impedance Tomography
(EIT): validated for quantitative
gas-volume fraction profile
measurements and three-phase
profile measurements when
combined with GDT o5

 Program produced unique data
sets in a large column at high
pressures, gas flow rates, for
different fluids, and for a matrix of
sparger configurations. 01

« DOE funding through NETL; direct N AT
funding from Air Products
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