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SwRI-developed encapsulated phase-change

chemicals retain heat to extend output of
solar concentrating power plants
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By James Oxley, Ph.D.

he alternative energy industry con-
Ttinues to grow in size and diver-

sity as more countries invest and
expand their use of wind, solar, hydro-
electric, and geothermal power. Concen-
trated solar power (CSP) is one of many
technologies experiencing growth in this
area. It differs from conventional photo-
voltaic solar panels in that CSP systems
use large arrays of mirrors or lenses to
concentrate sunlight onto a small fixed
point. The heat from this fixed point is
then transferred to a conventional steam
generator for conversion into electricity.
The United States added 1,000 mega-
watts of CSP capacity to the electricity
grid in the past year, bringing the total to
about 1.4 gigawatts. (By comparison, the
U.S. passed 16 gigawatts of photovoltaic
solar power capacity in 2014.)

But a lack of adequate storage solu-

tions for intermittent power sources is
one of the most significant hurdles to
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Solar conéentra?ing power plants use an array of mirrors to focus sunlight 6n alcentral |
heating structurg. In spnie plants, molteb saltiis ‘Used to retain heat for power'generation

after sunset. Salt capsules (inset) may be used in future plants to transfer heat.

integrating alternative energy systems.
CSP relies upon sunlight for operation.
For CSP to mature as a source of electric-
ity and meet goals of uninterrupted sup-
ply, new energy storage systems must be
developed and adapted for times when
sunlight is not available.

Two modes of energy storage are ap-
plicable to CSP plants. Thermochemical
systems use the energy storing capacity
of a reversible chemical reaction, while
thermophysical systems rely on the phys-
ical properties of a material. Both kinds
of systems are under investigation, in-
cluding latent (phase changing) and sen-
sible (static phase) heat options. One of
the newer plants uses high-temperature
molten salts to provide up to six hours
of energy storage after sunset. However,
to make CSP systems competitive with
conventional forms of electricity, energy
storage systems need to be optimized.

Current commercial thermophysical
energy storage systems use high-temper-
ature molten salts in two large tanks, add-
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ing about $30 per thermal kilowatt-hour
(kWh) to costs. One tank receives heated
molten salt from the CSP receiver tower
and supplies heat for the steam genera-
tor. The second tank receives the cooled
molten salt from the steam generator and
transfers it to the CSP receiver tower to
be reheated.

A team of chemists from Southwest
Research Institute (SWRI), under contract
with a commercial client firm, recently
sought to develop a single-tank solu-
tion to reduce the cost by half, to $15 per
kWh.. This approach uses latent heat and
a novel encapsulation formulation for its
high-temperature, phase-changing salt.
The cost reduction is achieved through a
50-percent increase in energy density and
a consequent reduction in the amount
of salt required for thermal storage. The
team of SWRI chemists and the commer-
cial client developed a novel encapsula-
tion formulation of a high-temperature
phase change salt for use in a single tank
CSP thermal storage system.



Phase-change microcapsules

Microencapsulation is the
process of containing an active
ingredient within a protective
shell, or matrix, to produce
particles ranging from sub-
micron to several millimeters
in size. Microcapsules have
applications in multiple fields,
including pharmaceuticals,
food, cosmetics, consumer

In this diagram, a single-tank con-
centrating solar plant stores energy
using layers of encapsulated phase-
change materials. Heat transfer
fluid is pumped into the tank's top
from the solar concentrator. Heat
is transferred to the capsules and
the cooled heat transfer fluid is
pumped from the bottom of the
tank, back to the

concentrator for reheating.
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Dr. James D. Oxley is a principal scientist in the Chemistry and Chemical
Engineering Division. He performs micro/nanoencapsulation and particle design
research related to processes, chemistry, formulation development, and analyti-
cal methods. He has worked to develop encapsulated products and ingredients
for applications including pharmaceuticals, nutraceuticals, consumer products,
paints, coatings, energy storage, and other industrial products.

products, agriculture,
paints, coatings, construc-
tion, and defense. Encap-
sulated phase-change
materials have been used
for decades in applica-
tions ranging from thermal
indication in forehead
thermometers and cof-
fee mugs, to temperature
regulation in textiles and
building materials. The
traditional techniques
for preparing capsules for low to moder-
ate temperature applications use organic
polymer shell materials and waxes, fats,
or other organic materials as the phase-
change media. In most cases, the upper
temperature limit is 150 degrees Celsius.
Encapsulating phase-change materials for
solar thermal energy storage application
requires a novel formulation to address the
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extreme environment and the unique
properties of the payload.

Microcapsules used in convention-
al CSP systems must be stable at tem-
peratures up to 600 degrees C, accom-
modate the volume expansion associ-
ated with inorganic salts as they melt
or solidify, withstand the intergranular
pressure associated with storage in a
large tank, and survive 30 years of daily
phase-change cycles. No conventional
commercial encapsulation solutions
meet this set of criteria, but many ex-
isting capsule formulations can meet
individual objectives. For example, inor-
ganic shell materials can withstand the
high temperature but lack the flexibility
to accommodate the core material’s
volume expansion of up to 20 percent
when the inner salt melts.

To meet the CSP requirements,
SwRI scientists developed a novel



Micrographs of phase-change salt tablets show their layered construction,
before (left) and after (right) they are heat-treated to form an internal void

three-layer shell and a process to pro-
duce it. To withstand the high tempera-
tures of a CSP system, the outer layer was
formulated with a clay-based composite
that is stable beyond 600 degrees C.
A ceramic binder and polymeric film
former were used to aid outer-layer
deposition as well as subsequent heat
tempering. The middle layer of the cap-
sule shell was a sacrificial organic mate-
rial that burned away to yield an inner
void between the outer capsule wall and
inner core material. This void provides
space for core material to expand as the
salt turns from solid to liquid. Finally, a
third inner layer serves as a temporary
protective barrier between the sacrificial
polymer and the payload. The inorganic
nitrates, such as potassium nitrate, com-
monly used as high-temperature phase
change are typically strong oxidizing
agents. To prevent rapid oxidation of the
organic sacrificial layer during thermal
evacuation at 250-300 degrees C, the
inner layer isolates the salt until void for-
mation is complete. As the salt melts and
expands when temperatures reach 315-
340 degrees C, it ruptures this temporary
protective inner layer.

The capsules were prepared
using a fluid bed coating encapsulating
process. Fluid bed coating, also known
as air suspension coating, is the second
most-common encapsulation process
and is used across multiple industries.
With contract manufacturing capacities

that allows for expansion.

available up to 1 ton per hour, it is an
attractive process for short-term scale-
up potential.

Spherical pellets, or prills, of inor-
ganic salt, approximately 3-5 millimeters
in diameter, were loaded into a fluid
bed coater and fluidized on a bed of air.
While suspended in warm air, coating
solution was sprayed onto the particles,
resulting in the incremental formation of
a coating. The inner, middle, and outer
capsule layers were coated in succes-
sion, using coating timing and solution
flow rates to control the thickness of
each layer. The coated salt prills were
then subjected to a controlled heat treat-
ment to remove residual coating solvent,
ameliorate the film-forming polymer in
the outer layer, and eliminate the middle
sacrificial layer. For potassium nitrate
capsules, the heat treatment reaches 320
degrees C. Once the sacrificial layer was
removed, the capsules were then heated
to 400 degrees C to melt the inner core.
The SwRI team used optical and electron
microscopy to confirm capsule morphol-
ogy during the preparation and heat-
treatment process.

Testing and evaluation

Once the capsules were prepared,
the team evaluated the capsules’ me-
chanical stability and phase-change
performance, including simulating per-
formance over a 30-year service life or
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approximately 10,000 heat/cool cycles.
Mechanical testing reported a 40 percent
decrease in capsule strength compared
to the uncoated salt prill. To compensate
for reduced mechanical strength, final
storage tank designs may require baffles
to reduce intergranular pressure on the
capsules.

Thermogravimetric analysis con-
firmed that the phase change activity of
encapsulated potassium nitrate over a
20-cycle period created no evidence of
decreasing intensity or reduced capsule
integrity. To accelerate the testing pro-
cess for 10,000 cycles, the SWRI chemists
hosted a rapid thermal cycling apparatus
designed and built by the client. The
device submerges batches of phase-
change capsules between a “cold” tank
at 250 degrees C and a “hot” tank at 425
degrees C for two to five minutes per
cycle, with each tank containing a lower-
melting heat-transferring liquid salt. The
capsules remained intact after being
cycled 5,000 times, although they did
show some signs of salt diffusion through
the capsule walls.

Microcapsules designed with a sac-
rificial layer normally have some porosity
in their outer shell so gases can escape.



The initial capsule design did not include
a step to seal the capsules. Although the
initial allotted project achieved 5,000
cycles, the team has proposed subse-
quent experiments and formulations to
deposit a nickel coating onto the surface
of the capsule to reduce porosity and
enhance its mechanical strength.

Conclusion

The client’s initial vision and the
SwRI team’s encapsulation expertise

combined to develop a novel, high-tem-
perature phase-change microcapsule. The
capsules are stable up to 600 degrees C,
possess moderate mechanical strength,
withstand the thermal expansion of

the encapsulated salt as it transitions
between phases, and have been demon-
strated to survive 5,000 thermal transfer
cycles. This work was conducted on a
laboratory scale, preparing fifty 200-gram
batches of capsules, and using 10-gram
quantities for the cycling studies with a
potassium nitrate salt core.
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Large, insulated tanks like these,
shown under construction at a solar
concentrating power plant site, store
molten salt for use to create steam
after sunset.

Future projects could address fur-
ther optimizing of the capsules and
investigating their performance on a
pilot scale. Additional enhancements
could include a nickel coating to seal the
capsules, as well as encapsulating other
salts. Pilot-scale research would involve
preparing 25-kilogram (55-pound) batch-
es of capsules and supplying them for
larger thermal cycling studies to demon-
strate their use in a thermal energy stor-
age system.

Questions about this article?
Contact Oxley at (210) 522-
2913 or james.oxley@swri.org.

This micrograph shows the condi-
tion of phase-change capsules after
250 cycles from 250 degrees C to
425 degrees C.

Photo courtesy of National Renewable Energy Laboratory



Satellite image analysis measures up as
a landslide risk assessment tool

By Marius Necsoiu, Ph.D., Ronald N. McGinnis and Donald M. Hooper, Ph.D.

worldwide threat to human life and

property, affecting all 50 states. In the
U.S., they cause up to $2 billion in dam-
age and more than 25 deaths each year,
according to the U.S. Geological Survey.
The annual worldwide death toll from
landslides is in the thousands.

Preventing, predicting, or mitigating

I andslides and related events are a

landslides is complicated, requiring exten-

sive knowledge about the myriad factors
involved. A team of Southwest Research
Institute (SwRI) scientists set out to find
ways to improve monitoring and risk-
assessment technologies for these often
devastating natural disasters.

For many years, geoscientists have
used inclinometers and other on-site,
ground-based instrumentation to detect
and track slope instability. These instru-
ments, inserted into boreholes or placed
on the ground surface, map earth move-

ments by linking to high-resolution global

positioning system (GPS) data. More
recently, wireless sensor arrays have been
deployed to monitor landslides.

Using airborne or satellite-based
remote-sensing systems can reduce costs
of monitoring landslides and also pro-
vide rapid, up-to-date digital data over
large swaths of terrain. Early remote-
sensing methods compared a succession
of images to map landslide progression
over time. More recently, satellite-based
Interferometric Synthetic Aperture Radar
(InSAR) has used sophisticated processing
techniques to recognize and map identifi-
able, pixel-sized features that appear in
pairs of radar images over time. Although
INSAR can distinguish spatial relation-
ships and provide information on land-
slide movement patterns, slow-moving
landslides and particularly rugged terrain
challenge conventional InSAR techniques.
Variable time spans between radar images
can also affect accuracy.
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The Salmon Falls Creek Canyon, near Twin
Falls, Idaho, is a well-studied locale by
researchers investigating the evolution of
landslides dating back to 1937. The creek-
bed is visible in the lower right-hand quarter
of this photograph, with the headwall of the
landslide forming a bluff in the background.

To address these problems, sci-
entists are applying new processing
algorithms for InSAR data that can
identify pixels that are said to be coher-
ent, or recognizable across multiple
radar images. By applying two of these
techniques, Persistent Scatterer (PS) and
Small Baseline Subset (SBAS) interfer-
ometry, scientists can measure minus-
cule movements of natural features,
such as rocky outcrops and boulders,
and man-made structures, such as roads
and homes.

A team of geoscientists from South-
west Research Institute evaluated the PS
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Marius Necsoiu, Ph.D., left, is a principal scientist in the
Earth, Material and Planetary Sciences Department. He is
an environmental scientist and electrical/electronic engineer
with broad national and international experience and exper-
tise in remote sensing systems. Ronald N. McGinnis, center,
is a structural geologist and a senior research scientist.

His expertise includes quantitative and qualitative analyses
of the origins of structural geologic and tectonic features.
Donald M. Hooper, Ph.D., right, is a geologist with expertise
in volcanology and geomorphology. His research experi-
ence includes landscape evolution and terrain analysis. All
are in the Geosciences and Engineering Division.

and SBAS radar interferomet-
ric techniques as a landslide
risk assessment tool. The
team applied the techniques
to archived InSAR images to
create accurate motion rate
estimates for a landslide area
in Idaho. This process also
gave insight into the strengths
and weaknesses of the two
techniques.

Physical setting and local
geology

The SwRI team focused on a landslide
complex in Salmon Falls Creek Canyon
near Twin Falls, Idaho, because the site is
well-studied and the team has field expe-
rience in the area. In southern Idaho, the
Snake River has cut valleys through hard
surface basalt and the softer sedimentary
strata below, a natural process that has
destabilized valley walls, causing land-
slides. Salmon Falls Creek, a tributary of
the Snake River, flows through a narrow
canyon that is about 130 meters (427 feet)
deep and 375 meters (1,230) feet wide.
Ten kilometers (6.2 miles) downstream,
landslides have widened the canyon to 1.3
kilometers (0.8 mile).

The Salmon Falls landslide’s headwall,
or the point from which the landslide
broke away, shows vertical slippage down
onto horizontal basalt pavements. Farther
down the slope, large basalt blocks dot
an area where an earlier slide disrupted
and rotated the basalt pavement. Still
farther down, a zone of mixed basalt and

clay-rich sediment indicates where
the landslide probably initiated.
The uplifted creek flood-sediment
lying atop intermixed basalt and
clay shows evidence of repeated
landslides.

Landslides periodically dam
the creek, leading to concerns
about catastrophic flooding down-
stream if the landslide-formed dam
were to unexpectedly give way. The
landslide’s fastest recorded move-
ment (45-200 centimeters, or 18-79
inches) per year occurred between

1998 and 2003. As of 2008, the rate of movement
on the landslide had significantly decreased to
less than 10 cm/yr (4 in/yr). The earliest recorded
event in the area was a 1937 landslide about 0.8
km (0.5 mi) north of the later 1998-2003 event.
Although much larger than the Salmon Falls
landslide, the 1937 landslide is similar in both
shape and deformation pattern. The boundary
between the two slides is defined by an east-
west shear zone, which provided a basis for dif-
ferentiating between the movements within the
two slides.

Remote-sensing data and analysis

The ability to monitor surface movement
rates on landslides over time in an inexpen-
sive and efficient manner allows scientists to (i)
characterize unique movement patterns within
a slide complex, (ii) quickly assess potential haz-
ards associated with the slide, and (iii) monitor
regularly in order to provide a baseline of move-
ment rate data that may help to predict large
slide events.

A three-dimensional effect is produced by superimposing a series of dots representing SBAS
reference points atop an orthophoto image of the 1937 landslide complex at Salmon Falls Creek,
Idaho. (Background image © 2014 Google, USDA Farm Service Agency.)
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To provide a basis for evaluating
the adequacy of alternative tech-
niques, the SwWRI team found a large
set of historical satellite images of
the Salmon Falls Creek area previ-
ously acquired by the European
Space Agency. The team exam-
ined data quantity and type, image
time frames, and other factors that
affect accuracy, eliminating images
obscured by snow, rain, and overcast
conditions. They selected two data-
sets, 39 images from 1995-2002 and
20 images from 2005-2009.

Next, they gathered field data
to compare to the 2005-2009 data-
set. Between November 2006 and
September 2008, an SwRI-led team
conducted seven GPS field surveys
at the study site. An autonomous
base station achieved survey-grade
accuracies, recording 10 locations
(nodes) over seven survey cam-
paigns. For each node, the elevation

© 2014 Google, USDA Farm Service Agency

was re-projected in the line-of-sight of
the InSAR sensor. The team confirmed
displacement values with SBAS-rec-
ognized locations within 20 meters of
each GPS node.

INSAR analyses generated results
over these two time intervals repre-
senting estimated total displacement,
mean displacement velocities, and
displacement history. Finally, the team
analyzed specific surface features as
persistent scatterers/coherent pixels,
recognizable in multiple images over
time, for both the 1937 and the more
recent Salmon Falls landslides.

Results and interpretation

Both PS and SBAS techniques
identified pixels that contain earth
movement information along the valley
in the unstable area and amid sparse
vegetation. The SBAS techniques pro-
duced the greatest number of pixels
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Located 30 miles west of Twin Falls, Idaho, the
landslide study area includes the entire Salmon Falls
Creek Canyon landslide complex. The white rectangle
represents the area shown in the inset at bottom, which
in turn shows a roughly east-west cross section of the
Salmon Creek Gorge.

showing movement. However, farming activ-
ity around the canyon rim areas disguised

any movement pixels in that region. The team
saw large variation in movement pixels in the
southeastern area, where the canyon drains
into the gorge. Due to the arid environment,
there were few changes to the drainage system
over time, producing correspondingly small
variations over time in the radar image. A large
number of coherent, or unchanged, pixels rec-
ognized in the zone by the PS and SBAS InSAR
analyses confirmed this finding.

The spatial distribution of movement
detected using INSAR techniques matched the
boundaries of the two landslide complexes,
as defined by the shear zone between the
two. The SwRI team noted that the PS results
match the SBAS results in the upper and lower
boundaries of the test area. However, they
detected almost no PS points in the active
zone, probably because PS InSAR is more sen-
sitive to linear displacement that occurs at a
uniform rate.

Neither the main scarp, or cliff, from the
1937 landslide nor the headwall scarp from the
Salmon Falls landslide showed many pixels
from stationary objects. Areas affected by land-
slides typically have very steep slopes, so any
subsequent movement would be most notice-
able on the leading scarps of the landslide
complex, leaving only a few persistent refer-
ence points in such areas.

Comparison with field data

A 2003 aerial photograph and a digital
elevation model based on Light Detection and
Ranging (LIDAR) were used to examine the
topography of the landslides and to identify
displacement values corresponding to changes
in local surface characteristics. Coherent-pixel
estimates corresponded to different types of
displacement measurements. For example, SAR
techniques rely on line-of-sight surface dis-
placement, whereas GPS measures horizontal
and vertical displacement. Although dates of
field measurements and the satellite images
did not match perfectly, qualitative compari-
sons between the two were still valid. Between
November 2006 and September 2008, the
cumulative displacement data correlated both
in the direction and rates of ground deforma-
tion. Interestingly, the Salmon Falls landslide
had areas near the bottom where displacement
data showed upward, as well as the expected



downward, movement of the landslide.
This occurred as some blocks rolled down
the slide, while others slid down as a
large, intact package and pushed against
the earlier slide debris, sometimes piling
it upward. Looking at 11 representative
locations in the two landslides, the team
focused on two key parameters: topo-
graphic texture, or surface roughness, and
average slope.

The texture of the Salmon Falls head-
wall block varied by only an average
2.60 m, lowest for any unit measured,
indicating a relatively smooth surface.
The mean slope angle also was low,
indicating that the block slid downslope
en masse without much rotation or tilt.
However, as the Salmon Falls landslide
continues to advance in the future, the
blocks will likely rotate and fracture. The
toe, or end point, of the Salmon Falls
landslide also is smoother than the toe
of the older 1937 landslide complex. The
difference in surface roughness could
reflect greater upward thrusting by later
landslides, or more erosion. The top of
the 1937 landslide complex has the great-
est roughness, 27.46 m. This landslide
may have tumbled rather than simply
sliding downward, or perhaps it involved
a coarser type of rock.

The Salmon Falls landslide headwall,
or breakaway area, had the highest aver-
age annual velocity. Movement at the toe
of each landslide was slower, signifying
that movement is more active in the upper
reaches. Also, motion at the toe end tends
to slow as it becomes more horizontal,

while headwall motion is mostly vertical
and therefore more rapid.

Conclusion

This study improved the understand-
ing of the rate and extent of landslide
movement in Salmon Falls Creek Can-
yon. The SwRI team proved the ability
to estimate annual displacement rates
accurately by analyzing a collection of
archived radar satellite imagery using
both SBAS and PS techniques, although
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SBAS reference points were detected over
the 1937 and Salmon Falls landslide
complexes. GPS control locations are shown
as green triangles. Negative velocity values
on the table beside the graphic indicate
motion away from the satellite.

between the two, SBAS techniques
appeared to perform better than PS tech-
niques when it came to estimating non-
linear displacement rates. Overall, the
displacements measured using InSAR-
derived techniques showed agreement
with on-site GPS field measurements.
Thus the research shows that radar imag-
ery analysis is a reliable, low-cost alterna-
tive for monitoring earth movement and
predicting landslides in high-risk areas.

Questions about this article? Contact
Necsoiu at (210) 522-5541 or marius.nec-
soiu@swri.org.

Source: Information contained in this story
can be found in “New Insights on the Salmon
Falls Creek Canyon Landslide Complex Based
on Geomorphological Analysis and Multitem-
poral Satellite InSAR techniques,” Necsoiu

M., R.N. McGinnis, and D.M. Hooper. DOI:
10.1007/510346-014-0523-8, Landslides, Springer
Berlin Heidelberg, Vol. 11, No. 6, pp. 1141-1153,
12/2014.

Acknowledgment: Satellite SAR data was pro-
vided by the WInSAR consortium; LiDAR data
was provided by the courtesy of N. Glenn,
Boise State University.

A slope map for the
1937 and Salmon
Falls landslide com-
plex shows greatest
slopes in red, lowest
in dark blue. Bound-
aries of the various
geomorphologic
units are displayed
in black.



Solving Magnetic
Reconnection

Dr. James L. Burch is vice president of the
Space Science and Engineering Division.

He is an experimental space physicist
investigating various aspects of the interaction
of the solar wind with the magnetospheres of
the Earth and Saturn and with comets. He has
been principal investigator for several NASA
space instruments and missions.
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A new space mission

DE134096

will study a powerful, puzzling force of nature

By James L. Burch, Ph.D.

n March 12, NASA's Magne-
tospheric Multiscale (MMS)
spacecraft was launched from
the Kennedy Space Cen-
ter aboard an Atlas V rocket to study a
fundamental physical process that occurs
throughout the Universe — magnetic
reconnection. Four identical spacecraft
flying in a unique pyramid formation will
use Earth’s magnetosphere as a labora-
tory to discover how energy stored in
astrophysical magnetic fields is explo-
sively converted into kinetic energy and
heat. Southwest Research Institute (SwRI)
leads the MMS science investigation
and was responsible for developing and
integrating the science payload.

Why magnetic reconnection matters

Magnetism is a universal force. In
the Sun’s million-degree atmosphere,
or corona, magnetic fields create spec-
tacular loops and arcades. As field lines
converge, they break and reconnect,

10

producing explosive solar flares and cor-
onal mass ejections (CMEs). These solar
events accelerate particles to extremely
high energies and expel hot plasmas
(electrically charged gases) that carry the
Sun's magnetic field into interplanetary
space.

Earth is protected from the super-
sonic outflow of plasma from the Sun by
a magnetic bubble known as the magne-
tosphere. When CMEs reach the Earth,
the Sun's magnetic field and Earth’s
magnetic field can merge at the dayside,
or Sun-facing, boundary of the magne-
tosphere. As the fields merge, magnetic
field lines break and reconnect, leading
to a buildup of magnetic energy on the
night side, in the stretched field lines
that form Earth’s comet-like magnetotail
that extends away from the Sun.

At some point, the buildup becomes
unsustainable. The energy is released
explosively through reconnection on the
night side, accelerating plasma particles
along Earth's magnetic fields. Particles
spiral down Earth’s magnetic field lines
at the north and south poles, creating
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auroras or the Northern and Southern
Lights. During especially severe distur-
bances, powerful electrical currents in the
upper atmosphere can disrupt power grids,
causing blackouts.

Solar and magnetospheric storms,
referred to as space weather, impact tech-
nologies such as communications, naviga-
tion, and power grids, as well as astronaut
health and safety. MMS will improve sci-
entists’ understanding of the fundamental
physics that drive space weather.

Magnetic reconnection is not limited
to the Sun and Earth, but likely also plays
arole in energetic phenomena observed
elsewhere in the universe. Insights
obtained by MMS may help guide efforts
to understand the role of reconnection in
more exotic settings.

Scientists also study magnetic recon-
nection in laboratory experiments and
fusion research. The MMS team is col-
laborating with researchers at Princeton to
share insights on this fundamental process.

The devil is in the microphysical details

While scientists know where reconnec-
tion occurs and what its effects are, how it
occurs is still unknown. That is the puzzle
that the MMS team hopes to solve. The key
to this puzzle lies in the diffusion region,
where the plasma decouples from the
magnetic field, allowing the field lines to
break and reconnect. These narrow regions
where magnetic fields merge are the target
of the MMS science investigation.



For the first five and a half
months, scientists are checking
and commissioning the science
payload; science operations
begin this September. The two-
year science investigation has
two phases. In the first phase,
MMS will sample reconnection
sites on the day side of Earth’s
magnetosphere. In the second
phase, the four spacecraft will
reconfigure to explore recon-
nection sites in the Earth's mag-
netotail on the night side.

The four observatories fly
in a three-dimensional tetrahe-
dral formation, 10 kilometers
to 400 kilometers (~6 to ~250
miles) apart. This configuration
allows MMS to probe the dif-
fusion regions in three dimen-
sions. By varying the separation
distance among the spacecraft,
MMS collects measurements
at different scales. The diffu-
sion regions are so thin that the
spacecraft will fly through them
in less than a second. However,
the MMS sensors are designed
to make measurements as much
as 100 times faster than ever before.

Four spacecraft, one mission

The MMS instruments measure the
plasma, energetic particles, and electric
and magnetic fields in and around
the diffusion region. Each octagonal,
12-foot-diameter spacecraft carries
25 instruments, for a fleet total of 100
instruments. SWRI’s space scientists and
engineers also built the mission’s hot
plasma composition analyzers (HPCA).
These spectrometers use a novel radio
frequency technique to measure
important minor ions, such as oxygen
and helium, in areas of high flux. These
ions are difficult to measure in plasmas
dominated by protons. SWRI scientists
and engineers also built the central
instrument data processor for each
observatory, providing the interface
between the instrument suite and the
spacecraft’s command and data han-
dling system.

Other scientific instruments
onboard the MMS spacecraft were
provided by the University of New
Hampshire, the University of Colorado,
the University of California Los Angeles,
the University of lowa, NASA’'s Goddard
Space Flight Center, the Johns Hopkins
University Applied Physics Laboratory,
the Aerospace Corporation, the Institut

fur Weltraumforschung (Austria), Labo-
toire de Physique des Plasmas (France),
L'Institut de Recherche en Astrophysique
et Planétologie (France), the Japanese
Aerospace Exploration Agency, the Royal
Institute of Technology (Sweden), the

Courtsey NASA
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Swedish Institute of Space Physics, and
the University of Oulu (Finland).

MMS is the fourth NASA Solar Ter-
restrial Probes Program mission. Goddard
Space Flight Center built, integrated,
and tested the four MMS spacecraft and

is responsible for overall mission

management and mission opera-
tions. Science operations planning
and instrument commanding are
performed at the MMS Science

Operations Center at the Univer-

sity of Colorado’s Laboratory for

Atmospheric and Space Physics in

Boulder.

Questions about this article? Contact
Burch at (210) 522-2526 or jim.burch@
swri.org.

The four MMS spacecraft are shown in
“stacked” position in a NASA facility,
shortly before being enclosed within
the protective fairing of the rocket that
launched them into space.
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SwRI-developed mc technology
charges inaccessible electronic devices

By Monica Rivera Garcia, Ph.D.

nattended sensors are ubiquitous in today’s
society, providing critical information to con-
sumers, businesses and military personnel
regarding their equipment or their environ-
ment. While the majority of these sensing systems have
access to the power grid, a number of mission-critical
sensors are positioned in remote locations, such as
along a gas pipeline or on an active volcano. Typic
such systems rely on battery power. But even Ion}%
batteries must be replaced or replenished eventually,
and difficulties arise if they are located in areas that are
inaccessible due to work-force limitations, difficult ter-
rain, adverse weather, hazardous environmental condi-
tions0, or the presence of hostile adversaries. r—
Many manufacturers address this issue by incorpo-
rating energy-harvesting systems, such as solar panels,
to extend operational battery life. However, the output
and consistency of these systems remain major con-
cerns when precipitation, cloud cover, high tempera-
tures, or pollution are prevalent. In such areas, the
amount of energy collected via traditional photovoltaic
(PV) methods may be insufficient to adequately extend
the run time of the device. Thermoelectric, wind, and
piezoelectric energy harvesting systems, which convert
vibrations into electric current, also are vulnerable to
problems with output, consistency,and placement.
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An alternative, on-demand
charging modality is needed to
address unexpected or premature
sensor failure and cases in which a
device’s location precludes quick
and easy replacement of its energy
storage unit.

Using internal research fund-
ing, a multi-divisional team of
engineers at Southwest Research
Institute (SwRI) developed an alter-
native charging methodology for
on-demand power transfer to inac-
cessible electronic devices. Using
a small unmanned aerial system
(UAS) as a mobile delivery platform,
along with commercial off-the-shelf
lasers, PV devices, supercapaci-
tors and electronics as the wireless
power-transfer system, the SwRI
team developed a process to trans-
fer power to electronic devices
without wires or any other physicz
connection. e

Dr. Monica Rivera Garcia, a research
engineer in the Applied Physics Division,
has more than 10 years of experience in
mechanical engineering and materials
science research. Her recent experience

involves energy transfer and storage
systems for small UAS applications.
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Wireless power transfer

Although a number of wireless
power-transfer techniques exist,
the SwRI team elected to focus
research efforts on an optical-based
methodology, because the tech-
nique is compatible with the solar
energy harvesting systems found
on many of today’s unattended
sensors. This method converts
energy into a light beam that can
be transmitted through free space,
collected with a PV receiver, and
then converted back into usable
electrical energy. While an every-
day flashlight could serve as the
light source in this technique, using
a laser can increase the amount of
energy transferred and converted
in the wireless system. For instance,
by selecting a wavelength of light
that is tuned to the bandgap of a PV
cell’'s own semiconductor material,
the photon conversion efficiency
of a silicon-based cell can increase
from approximately 15 percent to
40 percent.

Based on these principles,
SwRI identified a laser with a wavelength
compatible with single-junction, silicon-
based solar cells (commonly used in
consumer-grade PV-enhanced electron-
ics) that also matched the size, weight,
and power (SWaP) constraints imposed
by a small UAS. Once the laser arrived,
the research team focused on identifying
key design variables and determining the
relationship between those variables and
energy conversion efficiency.

Energy storage

Although batteries are the primary
energy storage units in most electronic
devices, the research team elected to
use a supercapacitor in its ground-
based receiver because it would
facilitate rapid transfer of energy to the
unattended sensor.

The SwRI team designed and con-
structed a custom, two-phase charging
circuit to prevent the supercapacitor from
discharging back into the PV cells when
the light striking the cells is reduced.
The circuit also reduced electrical losses
in the receiver system, minimized the
charge time of the supercapacitor, and
boosted the charge voltage to enable
complete charging of the supercapacitor.
Once the charge circuit was constructed,

A six-camera motion-capture system tracks the UAS (green box) as it maneuvers
in three dimensions during a laboratory flight test.

the researchers set about characteriz-
ing the relationships among the wireless
power transfer system, the charging cir-
cuit configuration, and the charge time.

Mobile delivery

To facilitate charging of remote,
hard-to-access sensors, the SWRI team
chose a small UAS to bring the power
transmitter to the sensor’s location. The
purpose for this was threefold. First,
relocating the transmitter facilitated
more efficient power transfer by reduc-
ing the beam degradation effects associ-
ated with propagating energy over large
distances. Second, by controlling the
separation distance between the power
transmitter and receiver by using a UAS,
the transmitter’s optics were simplified
and the size of the beam illuminating the
PV cells was tuned to maximize energy
transfer. The simplified optics system
also had the benefit of keeping the
transmitter payload mass to a minimum.
Third, using a UAS allowed devices to be
charged beyond the user’s line of sight, a
key factor in potential field applications.
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The SwRI team selected a specific
commercial six-propellered "hexacopter"
UAS based on its cost, payload capac-
ity, and use of open-source autopilot
software. The open-source software was
critical to the research because it allowed
the team to focus on developing specific
UAS capabilities without spending time,
money, and resources to design a new
UAS and get it up and flying. The team
concentrated instead on tuning the sys-
tem as well as designing and constructing
a wireless power transfer payload.

Flight tests

The final phase of the project
focused on flight testing the complete
mobile wireless power transfer system.
To comply with Federal Aviation Admin-
istration regulations that limit the use of
UASs in the National Airspace System,
the research team conducted its flight
tests in an indoor test facility on the SwRI
campus in San Antonio. Anticipating that
indoor testing would degrade the UAS
autopilot’s ability to receive satellite navi-
gation signals from the global positioning
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The hovering UAS maneuvers
above its target during indoor
laboratory flight testing that was
conducted using an eye-safe
light-emitting payload.

system (GPS), the team modified the craft
to accept positioning data from a motion
capture system.

During initial flight tests using a flash-
light as a surrogate payload for a light-
transmitting laser, the vehicle’s drift was
found to be too great to allow adequately
precise laser targeting of the PV receiver.
The SwRI team made a number of modi-
fications to improve both the vehicle’s

14

hovering stability and the light source’s
pointing accuracy. Once those modifica-
tions were completed, the project cul-
minated with an indoor flight test of the
complete mobile wireless power transfer
system. Further system modifications and
enhancements will be needed before
such a system is ready to be fielded, but
the tests demonstrated the feasibility of
UAS-based wireless power transfer.
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Conclusion

There is a strong need for on-
demand charging techniques for mis-
sion-critical electronic devices located
off the electrical grid. The results
achieved by the SWRI research team
demonstrated that wireless power trans-
fer from a mobile platform is feasible.
During the project, the team was able to
identify key design variables, and deter-
mine the relationships between these
variables and the efficiency of the wire-
less power transfer system. Research also
focused on developing tools to align the
UAS and its laser transmitter payload
with the ground-based receiver during
flight. In doing so, the SwRI researchers
established an effective process to trans-
fer power to an inaccessible electronic
device, rapidly and wirelessly.

Questions about this article? Contact
Monica Rivera Garcia at (210) 522-5210 or
monica.garcia@swri.org.

During tests to demonstrate payload
functionality, a laser spot can be seen on
the floor as the UAS approaches a hover-
ing position directly above a photovoltaic
panel. The laser dot to the left of the PV
cell on the floor is visible due to the "Night-
Shot" camera mode.



SwRI receives $9.9 million from U.S. DOE
to improve solar plant efficiency

Brief notes about the

world of science and

developed a highly efficient, multi-stage
axial flow sCO2 hot gas turbo-expander
that advances the state of the art from

Southwest Research Institute (SwRI) technology at Southwest laboratory size to a full mega-watt scale
has been awarded $4.9 million by the U.S. Research Institute prototype,” said Dr. Jeff Moore, manager

Department of Energy (DOE) as part of
a $9.9 million continuation contract to

of the Rotating Machinery Dynamics
Section in SWRI’s Mechanical Engineering

manufacture and test a high-efficiency supercritical CO2 Division, and principal investigator of the project.

(sCO2) hot gas turbo-expander and compact heat exchangers

A second objective of the project is to optimize novel

for concentrating solar power (CSP) plants. compact heat exchangers for sCO2 applications to drastically

The award was given through
DOE’s SunShot Initiative, a
collaborative national effort to make
the cost of solar energy competitive
with other forms of energy by the end
of the decade. This award continues
a previous DOE project to design the
sCO2 expander. SWRI will lead a team
of industry collaborators that includes
Aramco Services Company, Bechtel
Marine Propulsion Corporation,
Electric Power Research Institute (EPRI),
General Electric, and Thar Energy.

“Over the last two years, SWRI
and its industry collaborators have

reduce manufacturing costs. The scalable
sCO2 expander design and improved heat
exchanger will close two critical technology
gaps and potentially provide a major
pathway to achieve power at 6 cents per
kilowatt hour, increasing energy conversion
efficiency to more than 50 percent, and
potentially reducing total power block cost
to below $1,200 per kilowatt installed. The
project, which will be conducted in two
phases, began in late December 2014 and
will continue through mid-2016.

Contact Moore at (210) 522-5812 or jeft.
moore@swri.org

SwRI wins EPA contract for emissions testing, analytical services

Southwest Research Institute (SWRI) has been awarded a five-

year, $20.16 million contract by the U.S. Environmental Protection
Agency (EPA) to provide testing and analytical services related to
vehicle emissions and fuel consumption.

Key areas of support include emissions characterization and
technology assessment. SWRI can develop test procedures and
equipment for regulated and unregulated emissions in light- and
heavy-duty vehicles and components as well as marine, railway,
aircraft, small engine, and other non-
highway propulsion systems.

“The scope of this contract is quite
broad,” said Patrick Merritt, principal
scientist in the Engine, Emissions,
and Vehicle Research Division. “It
encompasses 25 areas, from fuels and
lubricants to engine and emissions
characterizations, as well as economic
studies, general rule-making support, and
coordinating peer review meetings.”

The contract also calls for evaluating
vehicles to ensure compliance with
current emissions and other regulatory
requirements and safety testing
powertrains, batteries, and emission
control systems. Technical services
include evaluating prototype vehicle
propulsion systems and related control,
data acquisition, and sampling systems.

The contract through the EPA’'s Office of Transportation
and Air Quality (OTAQ) Assessment and Standards Division
(ASD) uses SwRI'’s expertise in its Office of Automotive
Engineering, which comprises the Engine, Emissions, and
Vehicle Research Division and the Fuels and Lubricants
Research Division.

Contact Merritt at (210) 522-5422 or patrick.merritt@swri.org.
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Rosetta data reveals more surprises about comet 67P

As the Rosetta spacecraft orbits comet 67P/
Churyumov-Gerasimenko, an international team of
scientists have discovered that the comet’s atmo-
sphere, or coma, is much less homogenous than
expected and comet outgassing varies significantly
over time, as reported in a paper published in the
Jan. 23, 2015, issue of Science.

“1f we would have just seen a steady increase
of gases as we closed in on the comet, there would
be no question about heterogeneity of the nucleus,”
says Dr. Myrtha Hassig, lead author of the paper titled
“Time Variability and Heterogeneity in the Coma of 67P/
Churyumov-Gerasimenko” and a postdoctoral researcher
at Southwest Research Institute (SwRI)in San Antonio.
“Instead we saw spikes in water readings, and a few hours
later, a spike in carbon dioxide readings. This variation
could be a temperature effect or a seasonal effect, or it
could point to the possibility of comet migrations in the
early solar system.”

Rosetta scientists measuring the composition of
comet 67P’s atmosphere or coma discovered that it var-
ies greatly over time. Large fluctuations in composition
in a heterogeneous coma indicate day-night and possibly
seasonal variations in the major outgassing species: H,O,
CO, and CO,. After the European Space Agency Rosetta
spacecraft rendezvoused with 67P in August 2014, it made
headlines around the world landing a space probe on the
comet’s surface in November. The lander is now in hiber-
nation, but the Rosetta orbiter continues conducting 11
experiments vital to understanding comets in general and
comet 67P specifically, as it approaches the Sun.

“These large fluctuations in composition in a heterogeneous
coma indicate diurnal or day-night and possibly seasonal varia-
tions in the major outgassing species,” says Hassig. “When | first
saw this behavior, | thought something may have been wrong, but
after triple-checking the data, we believe 67P has a complex
coma-nucleus relationship, with seasonal variations possibly driv-
en by temperature differences just below the comet surface.”

Rosetta is an ESA mission with contributions from its mem-
ber states and NASA. Airbus Defense and Space built the Rosetta
spacecraft. NASA’s Jet Propulsion Laboratory (JPL) manages the
U.S. contribution of the Rosetta mission for NASA’s Science
Mission Directorate in Washington, under a contract with the
California Institute of Technology. JPL also built the microwave
instrument for the Rosetta Orbiter and hosts its principal investi-
gator, Dr. Samuel Gulkis. SWRI (San Antonio and Boulder, Colo.)
developed the Rosetta orbiter’s lon and Electron Sensor (IES)
and Alice instrument and hosts their principal investigators, Vice
President Dr. James Burch for IES and Associate Vice President Dr.
Alan Stern for Alice.

Contact Héssig at (210) 522-2449 or myrtha.haessig@swri.org.

SwRI’s Walker named Fellow of American Institute of Aeronautics and Astronautics

Dr. James D. Walker, an Institute scientist in the Mechanical Engineering Division at Southwest Research Institute (SwRI), has
been elected a Fellow of the American Institute of Aeronautics and Astronautics (AIAA).

According to AIAA, Fellows are “persons of distinction in aeronautics or astronautics, who
have made notable and valuable contributions to the arts, sciences, or technology thereof.”
Walker’s Fellow citation reads “for his pioneering analysis, development, and modeling of
impact dynamics, penetration mechanics, and materials characterization in response to dynam-
ic loading, with applications in defense and space.” He will be formally recognized at the AIAA
Aerospace Spotlight Awards Gala May 6 in Washington, D.C.

Walker’s research efforts have focused on the mechanical response of a variety of systems
and materials to impact loads. Much of his research centers on personnel protection ranging
from vests worn by soldiers and police officers, to designs for ground vehicles, the Interna-
tional Space Station, and satellites.

The author of more than 100 papers and publications, Walker holds bachelor’s, master’s
and doctoral degrees in mathematics from the University of Utah. Walker is an adjoint faculty
member at The University of Texas at San Antonio, where he teaches graduate courses in me-
chanical engineering and mathematics.

Contact Walker at (210) 522-2632 or james.walker@swri.org.
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Keeping U.S. Military Aircraft Flightworthy (Fall 2014)
Kenneth Griffin, Ph.D.

SwRI support for U.S. Air Force Aircraft Structural
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John Bishop and David Ransom, P.E.
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gas turbine generator to power hybrid
unmanned aircraft systems.
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SwRI scientists have discovered the weakest
solar wind of the Space Age.

SwRUI’s Dedicated EGR® Technology
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technologies to improve performance while
reducing emissions.

Portable Power from the Sun (Spring 2014)
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An SwRI-developed solar module for warfighters
could reduce weight and expense.

High Performance, Low Profile (Spring 2014)
Patrick Siemsen

Novel antenna arrays, combined with miniaturized processing equipment,
bring direction-finding capability to the tactical level.

Balloon in a Box (Spring 2014)

William D. Perry

An SwRI-developed concept allows easy transport and autonomous launch
of lighter-than-air vehicles.

Rosetta: Long Journey to a Small Place (Spring 2014)
Ray Goldstein, Ph.D.
After 10-year voyage, the spacecraft will rendezvous with a comet in 2014.

Alvin: A 50-Year Relationship

(Winter 2014)

Jerry Henkener

SwRiI plays a major role in the history of a deep-water research submersible.

Logistical Support (Winter 2014)
A multi-division panel discusses SwRI’s role in supplying, maintaining,
updating, testing and developing military equipment.

Protecting the Warfighter in Combat (Winter 2014)

Christopher J. Freitas, Ph.D., James T. Mathis, Nikki Scott

and Rory P. Bigger

SwRiI researchers develop human head surrogate for behind-helmet blunt
trauma research.

Fax requests for articles previously published in Technology Today to

(210) 522-3547 or e-mail jfohn@swri.org. Recent Technology Today features, as well as
a listing of older titles, are available online at technologytoday.swri.org. To receive an
online subscription, visit update.swri.org.

coming up
Trade Shows

Look for Southwest Research Institute at the
following:

31st Space Symposium, Colorado Springs, Colo.;

April 13-16, 2015

* The International Symposium on Fluid Flow Measurement
(ISFFM), Arlington, Va.; April 14-17, 2015

* American Association for Cancer Research Annual
Meeting, Philadelphia; April 18-22, 2015

e AUVSI Unmanned Systems, Atlanta; May 4-7, 2015

¢ Offshore Technology Conference, Houston; May 4-7, 2015

e International School of Hydrocarbon Measurement,
Oklahoma City; May 12-14, 2015

* 43rd Annual Eastern Gas Compression Roundtable,
Pittsburgh, May 19-21, 2015

e AAPG 2015 Annual Convention & Exhibition,
Denver; May 31-June 3, 2015

* ITS America Annual Meeting, Pittsburgh; June 1-3, 2015

* ASME Turbo Expo, Montreal; June 15-19, 2015

* IFT Annual Meeting & Food Expo, Chicago;
July 11-14, 2015

* The 42nd Annual Meeting & Exposition of the Controlled
Release Society, Edinburgh, Scotland; July 26-29, 2015

* AIAA Conference on Small Satellites, Logan, Utah;
August 8-13, 2015

® 44th Turbomachinery Symposium & 31st International
Pump Symposia, Houston; September 14-17, 2015

® TCG Worldwide Review, Ogden, Utah;
September 14-18, 2015

* American School of Gas Measurement Technology,
Houston; September 21-23, 2015

® [ASH 2015 Symposium, Charleston, S.C.;

October 4-8, 2015
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Southwest Research Institute is an independent, non-
profit, applied research and development organization.
The staff of nearly 3,000 employees pursue activities in the
areas of communication systems, modeling and simula-
tion, software development, electronic design, vehicle
and engine systems, automotive fuels and lubricants,
avionics, geosciences, polymer and materials engineer-
ing, mechanical design, chemical analyses, environmental
sciences, space sciences, training systems, industrial
engineering and more.

SwRl is always looking for talented technical staff for its
San Antonio facilities and for locations elsewhere in the
United States. We welcome your referrals. An Equal
Employment Opportunity Employer: Race, Color,
Religion, Sex, National Origin, Disability, and Veteran
Status. Check our employment opportunities at
jobs.swri.org.
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