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Introduction

Critical details…

1. A high-performance building enclosure was developed for an unmanned
autonomous research facility located in an extreme climate.
2. Building Envelope Solutions was commissioned by UNH to design, test, and
produce the enclosure with help from the rest of the ARRO team.

1. The weight of the individual (modular) prefabricated enclosure components.
2. The physical size of the individual enclosure components.
3. Panel gaskets – must stay compressible and resilient enough to maintain a seal in cold
conditions.
4. Door gaskets – must prevent the door from being frosted shut in cold conditions.
5. Penetrations – minimizing conduction and infiltration at equipment penetrations.
6. Fastening system – must minimize thermal bridging and compress the gaskets as the
elements are assembled. Must be able to be disassembled and reused for a similar purpose.

Overview:

Goals of the design
1. To develop an enclosure that minimizes the logistical energy use requirements of the
total system.
2. To develop a structural enclosure system that can be deployed in the coldest regions of
the ice sheets.
3. To allow shipment of the enclosure to the site by small ski plane or surface vehicle.
4. To allow for on-site assembly without heavy equipment.
5. To address issues related to reliability and performance in severe weather.
6. To minimize energy use due to heat loss through the thermal envelope.
7. To reduce the space requirements for thermal mass storage to compensate for variations
in the amount of available energy from wind and/or solar collectors.
8. To develop an enclosure system that is reusable (assembled using modular components).

1. & 2. The weight & size of the modular components
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Assembly and Deployment
The Process
1. Design the enclosure system.
2. Test the materials and components to assure material
and assembly performance.
3. Produce and approve shop drawings.
4. Manufacture the enclosure components.
5. Produce an installation manual.
6. Pre-assemble the enclosure.
7. Ship the enclosure and the research equipment to
Antarctica.
8. Deploy and operate the research facility.
9. Recover the unit.

The standard wall units were nominally 4’ x 1’ x 1’. Each
unit weighed approximately 24#. Smaller fractional units
beside the door opening weighed less.

Assembling and fit testing the modular components
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The Performance
CRREL Cold Room and cold chamber tests
1. & 2. The weight & size of the modular components

Pre-assembling ARRO 2 at UNH
Shipping the pre-assembled unit to McMurdo

The floor and roof modules were made to specific sizes for this
project. While these could have been comprised of the same
smaller standard units as the walls, supporting the loads over the
span of the support frame was critical. It is estimated that the
standard sized units could have been adequate for the 8’ span;
however, the project time line did not allow for the testing to verify
this, so the larger one-piece floor and roof modules were used.
The heaviest floor panel weighed approximately 75#. Each
panel could easily fit into a Twin Otter ski plane.
ARRO Performance Data
1. ~200 watts for –70F outside, 70F inside.
2. The panel has a thermal coefficient of expansion = 3.5 x10^-5 based on the
measurements made in the cross section width.
3. R=70, .05 cfm50/sq. ft. air infiltration rate (BES calculations and air leakage tests).

Water storage was used to buffer the indoor ambient temperature during variations in the
available energy from the wind turbines. Indoor temperature and the water % frozen
were tested at CRREL
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3. The panel gaskets were a resilient sponge-like material set into a
recessed dado in the tongue-and-grooved edges of the panel-block
units. The material was tested to verify that it maintains its seal
under the extreme cold Antarctic weather conditions. The dado plus
the tolerance allowed in the panel-block joint dimensions maintained
Pi1B
the manufacturer’s recommendedPi1Bcompression
ratio. The gaskets
were installed with as few seams as possible, with each joint being a
tapered lap to manage any end-wise shrinkage.

Digging out the ARRO unit.

The ARRO unit with the wind
generators in the background.

Discussion and Conclusion
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4. The door gaskets were essentially the same as those in the wall, floor, and roof panels. The
Weak
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Pi1B
location of the door gasketsPi1Bwere near
the outside
Pi1Bof the door to reduce infiltration into the space
around the door. Brush-type gasket was installed inside this cavity to reduce internal convection.

5. Penetrations - The key to managing conductive and convective losses
was to minimize through-wall connections with high-conductivity materials
and leakage paths along the wires or equipment. Wire penetrations were
filled with compressible filler that sealed around sensor and equipment
wiring. There were some areas where high-performance thermal insulation
could not be used, such as the penetration for the camera shown to the
right.

6. The fastening system – the fasteners were installed parallel to the inner and outer surfaces of
the panel-blocks to avoid thermal bridging.

The tested energy loss through the enclosure due to conduction and convection was minimal. The
enclosure system also performed well in the extreme climate of Antarctica. Even after cold-soak
periods, the enclosure temperature recovered with only the energy from the three small wind
generators. Our confidence in the enclosure comes from the facts that NO snow leaked through the
panel gaskets (which is no small feat); and the additional fact that when Jim Gealy went into the
enclosure last November, he found the water in the jugs completely thawed. Again, all of this with
just the three small (100-Watt) generators. This clearly demonstrates that this unique enclosure
system can provide a reliable means for utilizing temperature-sensitive instrumentation equipment.
Despite the successful performance of the enclosure, there were two problems which will need to be
addressed before the next deployment.
1. The outside skin of the door panel delaminated when it was opened after the first winter. The
handles were only attached to the outer skin. Speculation is that frost and/or ice in the door
seam required enough force that it broke the adhesives bond. Clearly, this component of the
structure cannot rely solely on adhesives in its assembly. The design of the internal door
fastening hardware will have to be made more robust, requiring fasteners for the door handles
that pass through at least the entire outer layer of the door assembly. In addition, applying a
release material at the edge of the door opening could prevent frost-related problems.
2. The fastening system will require a tapered “leader-end” coupling nut that makes aligning the
post-tensioning rods easier in the field.
3. These design improvements will not impact the cost of the structure or increase the expected
energy conserving performance of the enclosure system.

