Chris Leung explains his recent research into deployable
external insulation: dynamic facades which use paraffin wax
and passive environmental technology to move between open
and closed states and allow what has until now often been
mutually exclusive —daylight and minimal heat loss
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Experimental prototypes

What if a building could be designed
with a high percentage of glazing to
gain all the advantages of natural
daylighting when occupied, but then
switch its construction when un-occupied
to being opaque and well-insulated to

a degree that no current clear glazing
system could achieve? What if this could
be achieved at low-cost, using simple
technology that was reliable and had
low maintenance requirements? An early

project by Professor Stephen Gage’s team

at the Bartlett set out to investigate the
expansion properties of paraffin wax as a
driver for a series of sculptures designed
by Sixteen*(makers) during a Residency
in the Kielder Forest. The team are now

taking this further through their Deployable

External Insulation (DEI) research project.

Dyvnamic Building Envelopes

it’s most relevant property in this context
being its incompressibility. When
heated it expands with a very high
hydraulic force, a useful characteristic
when it comes to moving what are
typically heavy elements within a
building envelope construction, or
to drive pistons which are expected
to carry a significant load.

Passive Environmental

A conventional building envelope is
designed as a construction with fixed
properties, whether it is a brick and
block cavity wall or a high-performance
cladding system. An extension of this
method, one that tries to deal with a
varying external climate, is to design
“active facades”, perhaps the earliest
and best known example being the
theoretical ‘Polyvalent Wall’, a wall
made of compound layers which
would regulate differences between
the internal and external environment.
The approach suggested in this article
is different though: to dynamically
articulate - to move - components of
the building envelope itself. This could
be insulation stowed over glazing at
night that during the day moves to
become shading for the glass and
open to daylight. Another possibility
is switching ventilation openings to
control the flow of air over a thermal
mass to either store or purge heat
absorbed during the day. Whilst in
itself this is nothing new, it is usually
associated with the added expense
of a dedicated mechanical and
(typically) electrical drive system that
then requires active control from a
computer. This can be expensive,
requires some input energy and faces
the reliability issues of having many
moving parts. Finding simpler ways
to drive this movement then could
deliver several advantages.

A Hydraulic driver

Phase-Change Materials (PCMs) are
substances with unusual properties when
they phase-change, usually between
liquid and solid. Some have a very high
latent heat, for example, which has
found commercial application as an
energy store in construction products
such as composite plasterboards. In
this article the PCM discussed is paraffin
wax, an example of an organic PCM,

Design

There are two contrasting approaches
to designing the building envelope as
a climate filter, to mediate between
the wide variations of external thermal
and lighting conditions and the
narrower variations that characterize
"comfortable" indoor conditions
The first is the ‘seal the box’ — use
a hermetically sealed climate filter
with the indoor environment heavily
serviced and oblivious to the outside,
an approach founded on a philosophy
.of environmental conditioning

The second is the ‘passive environmental
design’ approach — use a responsive,
permeable filter with dynamic properties
to temper the interior environment,
allowing a certain amount of passive
heat exchange from the outdoor
environment and admitting daylight.
This is more holistic and relies on intrinsic
characteristics of the building’s design
and materials.

Deplovable External

Insulation (DEI)

In recent years the amount of glazing
area on building envelopes has been
reduced considerably; In part this is
a response to increasingly stringent
regulation with improved standards
for the thermal performance of
envelope constructions. This leads to
indoor environments with less natural
daylight, despite current expert opinion
highlighting the significant effects of
daylight on well-being and productivity,
the light varying with the changing
sky and cloudscape. It is taken as
a given that this benefit should be
provided for where possible. There
is also a high utility value to having
a view of the outside environment,
while in addition, a high dependency
on artificial lighting increases energy
costs.

There was clearly a case for beginning
to develop a dynamic facade, one
which could deal with the competing
demands of daylighting, insulation
and energy conservation, glare and
excessive solar gain. The phase-
change behaviour of paraffin wax
could potentially provide the drive
technology - it expands in response
to the rising outside air temperature

during the day, and the wax shrinks
as the air temperature drops and it is
cooled during the night. This switching
response is essentially passive and
therefore comes with the benefit
of a very low operating cost. The
challenge lies mainly in matching the
timing of the switching response to
the benefit of occupants (if present)
using only the passive response of
the wax as far as possible and given
variable, and therefore somewhat
unreliable, outdoor conditions. This
research has so far resulted in one
patented system has been developed
to convert the passive wax piston
into a drive mechanism specifically
for this project.

The latest project, a prototype pavilion,
has been constructed by converting
a shipping container into a test cell
to investigate at 1:1 scale both a
deployable insulation system and the
passive drive mechanism to control
it. The DEI Pavilion opened to the
public in London in June 2008 in the
UCL quadrangle and will move to its
second test site in London’s Docklands
later in the summer for further intensive
monitoring.

Climate-adapting the

Dynamic Building Envelope

Crucially, the correct paraffin wax had
to be chosen for the climate. The
term ‘paraffin wax’ actually refers to
a family of hydro-carbons that consist
of a carbon chain of varying length
- in general the longer the carbon
chain the higher the melting point.
A paraffin wax of a particular carbon
chain length can be separated out
through a process of distillation, so that
in theory a fully-refined or blend of waxes
can be engineered to drive system
to suit the micro-climatic conditions
- the wax will change state, and will
expand or contract, within a narrow
temperature band when a switch
between constructions would be most
beneficial. This opens up the potential
to match switching responses to suit
different climates, from cooler northern,
to warm Mediterranean, to tropical
and hot Middle-eastern climates. The
design of the earlier emulators was
to suit the expected micro-climate of
the trial site in North England, thatis a
cool northern temperate meso-climate.
On this basis a particular paraffin
wax was chosen, one with a suitable
phase-change temperature.
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The modelling and
simulation challenge

Previous research has shown that simulating
the performance of a building envelope that
incorporates materials with dynamic properties
requires advanced simulation techniques to
account for the switching behaviour and the
difference in performance between the different
states, for example the different properties
caused by switching electro-chromic glazing.
There are unusual dynamics in the approach
suggested here, it requires a simulation of the
behaviour of the passively-driven PCM and the
behaviour of a building envelope as it switches
between states. Modelling the behaviour of a
PCM drive presents challenges as the phase-
change process is a non-linear phenomenon.
To better understand it, advanced finite-element
modelling techniques are being explored and
integrated with parametric CAD solid modelling
software. This should allow the possibility of
modelling the PCM drive behaviour concurrently
with the architectural and mechanical system
design.
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Research being carried out at the Bartlett seeks
to investigate the properties and operating
characteristics of such an application through
physical prototyping and advanced computer
modelling techniques. The outcome of the
research so far has verified the initial theoretical - -
models and practically demonstrated that : ‘l. i’. &’i_
paraffin wax is indeed viable to move substantial

construction components using passive low-

energy techniques. The potential exists for

applying this technology to a wide range

of environmental control needs in the built

environment. The DEI test cell is a source of

data to refine the modelling effort.
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