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Environmental Design Using

Dynamic Insulation

Bruce J. Taylor, C.Eng.

'ABSTRACT

In conventional airtight buildings, the architect has
considerable freedom to decide how much the external envi-
ronment will influence the internal heating, cooling, and venti-
lation loads. The services engineer provides the plant and
equipment required to deal with these loads. This division of
labor could lead to undesirable consequences in the case of
dynamic insulation, a form of air permeable construction
where bulk air flow “through” the building envelope may be
used to either enhance or restrict the conductive heat and mass
diffusion fluxes. Small changes in temperature (indoor and
out) and wind speed and direction will influence the behavior
of a dynamically insulated envelope since the internal and
external environments are much more intimately coupled.
Buildings employing dynamic insulation thus require good
environmental design principles to be applied. The objective
of this paper is to lay down rigorous principles that will form
the basis of guidelines to architects and building services engi-
neers on how to take account of the ever changing external

environmen! when designing durable and comfortable build- _

ings employing dynamic insulation.

INTRODUCTION

Greater physical insight into dynamic insulation and a
clearer appreciation of its limitations and potential for reduc-
ing energy consumption in buildings and improving indoor air
quality have been gained in recent years (Taylor and Imbabi
1996, 1997; Taylor et al. 1996, 1997). In essence, dynamic
insulation works by permitting the bulk air flow through the
building fabric in such 2 way as to either enhance or restrict the
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conductive heat and mass diffusion fluxes depending on the
internal climate desired.

There is a current trend in building design to pay more
attention to the internal and external environments in order to
minimize energy expenditure on lighting, heating, and cool-
ing. With conventional airtight building envelopes, the archi-
tect has much greater control over how much the external
environment influences the internal heating and cooling loads
and the required ventilation. Once the architect has completed
the design, he or she can then bring in the building services
engineer to provide the plant and equipment to deal with these
loads. This caricature of the design process often happens in
reality and the results are frequently mediocre. The best
designs are produced when clients, architects, and building
services engineers are able to work closely together on a
project.

While this division of responsibilities between the parties
can produce tolerable buildings, when the envelope is airtight,
the results will be disastrous if air permeable envelopes are
being contemplated. With airtight envelopes the environmen-
tal design approach is only an option; however, with air
permeable envelopes, it is imperative that good environmental
design principles be applied. The mere fact that dynamic insu-
lation relies on outdoor air flowing through the wall to the
inside means that the internal and external environments are
intimately coupled. Changes in temperature, indoors or out,
and changes in wind speed and direction will influence the
behavior of a dynamically insulated wall and must be taken
into account in the design. In this paper, we seek to develop the
basic principles that should, in time, enable architects and
building services engineers to take account of the ever-chang-
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ing external environment when designing durable and
comfortable buildings that employ dynamic insulation.

AiR PERMEABILITY AND ITS MEASUREMENT

In order to design wall elements that will permit the
required air flows, the air permeability of materials needs to be
known. Since this is a relatively new way of using building
materials, their air permeability is not yet part of the standard
data provided by manufacturers or available in the literature.
The permeability of a material to air (@) is defined as the
volume of air that is forced through a 1 m cube of material in
one hour by a pressure difference of 1 Pa:

_ Lo

D=
AAP

(1)

From its definition, the permeability is a property of the
material. It is useful in enabling the permeance (¢) of a compo-
nent of a given thickness to be calculated:

0 O

YV

(2)

The air permeability is measured by blowing air though
a sample of the material of known size and measuring the
pressure drop across it (see Figure 1). The technique and
instruments used vary according to the permeability of the
material. For permeable materials, such as fiberboard or
cellulose, a fan is nsed to draw air through a sample of the
material, and an orifice plate measures the air tflow rate. In
our tests, such samples were contained in a 0.6 m square box
to represent part of a wall section, and no special measures
were taken to seal around the edges. This would lead to slight

Air from
COMpPIEssor
Air flow
Test
Material

Flowmeter

Figure I Apparatus for measuring air permeability.
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overestimation of permeability of a 0.6 m wide x 2.4 m high
wall section. For impermeable materials, such as plaster-
board or concrete block, a small sample of the material is
sealed in a 22 mm diameter tube and air from a compressor is
blown through it. On account of both the sample size and low
permeability, the air flow rates are extremely small and have
to be measured by a rotameter or bubble meter.

In practice, rather than take just one set of readings, the
experiment is repeated at different flow rates. From the above
equations it can be seen that if the permeability is a constant,
the air flow rate will vary linearly with pressure difference.
This turns out to be the case for most building materials over
the range of pressure differences that arise in buildings.

AIR PERMEABILITY DATA AND APPLICATION

The results of experimental tests on a variety of materi-
als are summarized in Appendix A, Table Al. These have
been extended to include other materials using data obtained
by Bartussek (1989) as shown in Appendix A, Table A2. In
order to illustrate the applications of these data, consider the
materials used in a.dynamically insulated dwelling at Newton
Dee: fiberboard, cellulose, and Hereklith board. The cellu-
lose, despite its superficial appearance, has a permeance 20
times greater than that of 12 mm sheet fiberboard.

The linear relationship between the flow and pressure
drop for air permeable building materials means that the over-
all permeability of a composite construction is easily calcu-
lated. Consider n layers, each of permeance ¢; held tightly
together so that there is no leakage along the interfaces
between the materials. Since the air flow rate is the same
through each layer and the total pressure drop is the sum of the
pressure drops across each layer it follows that

A Ap, :iflﬂp,— 3
Q

i=1

From the definition of permeance this is simply

1 = Z 1. 4
¢r i=1 ¢i

From the data in Appendix A, Table Al, the fiberboard
contributes 93% of the resistance to air flow through the wall
in a house and is thus the material that controls the flow of air
through the wall. Having such an air control layer has advan-
tages:

o It simplifies the design process since the pressure drop
across the Hereklith board and cellulose insulation may
be neglected.

»  Variations in the density and also in the permeability of
the insulation do not affect the air flow through the wall.
This is more important for a material such as cellulose
than for rockwool, for example, which will have a more
uniform density.

Because of the crucial importance of the fiberboard in
controlling airflow, tests were carried out to see how joining
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the panels together would change permeability, The perme-
ability of a fiberhoard sheet was measured before and after
cutting it in two and carefully matching the cut edges of the
two halves together. No jointing or sealing materials were
used. For this dry joint, the permeance of the fiberboard sheet
increased from 1.160 to 1.189 m*/m?hPa or 2.5%. On this
basis it might appear not to be necessary for the fiberboard
panel joints to be sealed and that a visual inspection of the
Joints would be sufficient to determine if any remedial sealing
needed to be carried out. However, this would not take account
of movement of the boards under fluctuating wind loads,
temperature, and humidity. It is probably safer to seal the
joints in a way that will accommodate relative movement
under varying loads,

As might be expected, plasterboard and thermal block
are, for most practical purposes, impermeable to air. It is antic-
ipated that foil-backed plasterboard, which was not measured,
would have an even lower permeability. The lightweight
concrete block, made with a porous aggregate, turns out to
have a higher permeability than fiberboard. This opens up the
possibility of designing porous masonry walls that will have
much higher thermal capacity than timber-framed walls
(Taylor et al. 1997). :

In a dynamically insulated building, the air must flow in
through the air permeable walls rather than through construc-
tion joints, penetrations through walls, around doors and
windows, etc. This adventitious air infiltration must be kept to
a minimum and requires careful design of construction details
and close supervision during construction.

How to determine the design airtightness required for a
dynamically insulated building to function effectively with an
envelope of a given air permeance is shown in Appendix B. A
numerical example shows that a dynamically insulated enve-
lope would work in a house built to the very high standards of
the Canadian R2000 homes.

APPLICATION TO DYNAMIC INSULATION

Dynamic insulation in cold climates should ideally be
used with air flowing info the building at all points of the
permeable envelope. An outward flow of air would increase
the heat loss and the risk of condensation within the wall. In
a climate that permitted all the interstitial condensation that
occurred during the heating season to evaporate during
summer, the inherent problems of mold growth and decay may
not arise. However, for safety, the first requirement is to
provide adequate depressurization of the building to ensure
that the effects of average wind speed and internal temperature
gradients {(stack effect) are overcome.

Stack Effect

A volume of fluid that has a lower density than the
surrounding fluid will tend to rise in a gravitational field
because of buoyancy forces. In the context of buildings, the
temperature difference between the inside and outside air
leads to a difference in density between the air outside and
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inside the building. This will lead to an exchange of air across
any openings, such as doors, windows, and chimneys, in the
building.

When the inside air temperature is greater than outside,
the cooler outside air will flow into the building through open-
ings in the lower part of the building and warm air escapes
through openings at a higher level. The height at which the
transition between inflow and outflow occurs is the neutral
pressure level (NPL). The elevation of the NPL depends only
on the relative size of the openings in the envelope, their resis-
tance to flow, and their vertical placement in the envelope. Tt
does not depend on the difference in temperature between
inside and out except in the case of air permeable envelopes,
as will be shown. '

Theory for Natural Convection Across a Permeable
Envelope. Calculation of the elevation of the NPL in build-
ings with openings was developed by Bruce (1978). While his
results are not directly applicable to a building where the entire
or substantial portions of the envelope are air permeable, the
theory he developed can be adapted to the case of air perme-
able envelopes. The reason why conventional natural ventila-
tion theory, developed for buildings with openings such as
windows in houses or space boarding in the side of cattle
sheds, does not apply in dynamically insulated buildings is
that the pressure-flow relationships are different.

Flow through such openings follows an orifice-type rela-
tionship:

Q=CAp" )
where the exponent is 0.5 for large openings such as windows
and doors and 0.6 when considering the narrow gaps around
such features when they are closed. With dynamic insulation,
the flow is Darcean (laminar) due to the very low air velocities
and the relatively small size of the pores. This has been veri-
fied experimentally. Thus, for air permeable envelopes the
exponenta =1,

Envelope without Any Discrete Openings. Here the
term “discrete opening” is used in the general sense to denote
openings, such as doors and windows, and any other area(s) of
the envelope where the air permeance is different from the
major part of the envelope.

Figure 2 shows a portion of an air permeable envelop at
angle 0 to the horizontal. Since we are concerned with calcu-
lating the elevation of the NPL where an estimate to within
0.1 m is adequate, which also coincides with the order of
magnitude of the insulation thickness, it is appropriate for this
model to treat the envelope as a thin membrane. At this level
of approximation, we can simply regard the air as flowing
horizontally through the insulation, driven by the difference
in pressure between inside and out.

Applying Bernoulli’s equation across the wall between
points 1 and 2 on a horizontal streamline (Figure 2):

- ) . 1
po+ep, (F—h)+ %Pl"f =pitepa(h—h)+—pvi+ap,,

(6)
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Figure 2 Application of Bernoulli’s equation to porous
wall.

The overall air permeance of the wall is chosen so that for
pressure differences of the order of 10 Pa, the velocities
through the wall are typically between [ and10 m/h. At these
low velocities the kinetic energy terms are insignificant. The
pressure loss term accounts for the energy dissipated within
the porous media, corresponding to the Darcy flow relation-
ship:

Vv
Aploss = ¢_( (7)

where ¢, is the overall permeance of the wall. It is the insig-
nificance of the kinetic energy terms compared with the pres-

sure loss term that distinguishes natural ventilation through air -

permeable walls from flow through more conventional open-
ings. The height # measured from ground level has, in Equa-
tion 6, been referenced to the NPL at height %, which is the
objective of our calculation. By means of a fan or roof venti-
lator, the interior of the building is at pressure p, and the atmo-
spheric pressure is p,. With these approximations and
assumptions the energy equation reduces to

p]—p2+g(p1—pz)(ﬁ—h):¢i. ®

I3

By treating air as a perfect gas it is readily shown that

AT
pi_pZZpl(_]' 9y

T,
At ambient temperature and pressure this evaluates to
P —p, =0043(T, -T,). (10)
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Over the whole building envelope, there will be no net
flow of air:

[vaa=0 (11

A

For the purposes of locating the elevation of the NPL for
stack pressure alone, the pressure difference in Equation 8 can
be omitted and the above integral becomes

gAp| g, (W)(h—h)dA=0. (12)

This is the general equation for calculating the elevation
of the NPL in an air permeable wall where the permeance of
the wall varies with height. In practice, while there will be
local variations in permeance of a wall due to the inherent vari-
ability of materials and the presence of structural frames, etc.,
the permeance may be treated as being a constant over areas
of the order 1 m” for a particular wall construction. In this case,
the equation for calculating the NPL is simply

j(E—h)dA:O. (13)

A

The NPL will be raised or lowered from the elevation
calculated above if the building is depressurized or pressus-
ized, respectively, by a fan.

The total flow rate inwards through the wall generated by
stack effect is

Q. =gAp 9, J(E_h)dh (14)

where A{k) indicates that the integral is evaluated from
ground level up io the NPL. Q;, will also equal the flow of air
out through the envelope.

Envelope with Discrete Openings. When the envelope
comprises both permeable elements and discrete openings, the
above theory needs fo be extended to include the work of
Bruce (1978). The following equation from Bruce for the
velocity at height 4 through an arbitrary opening is presented
without derivation:

I = & Api; 172
= ——|2 h—h . 15
h_h[gpl E] (15)

Va

Consider a building with air permeable walls of area A,

and an impermeable pitched roof with a ridge ventilator (see

Figure 3). There will be no net flow over the envelope and so
the mass continuity equation is

[v,da,+C[v,da, =0. (16)

A, Ay
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Figure 4 Envelope without discrete openings.

The discharge coefficient for the ridge opening is defined,
as nsual, by

2
AV

C= (17)

where v is the average air velocity through the ridge opening.
Using Equations 8 and 15, the mass continuity equation
becomes

ASHRAE Transactions: Research

| Tl
- ap 't lE - -
¢.,gAp£[(h —h)dAP+C[2g—P-) }{-—m_‘“d/ld 0
(18)

This is the general equation for the elevation of the NPL.,

h.

Note that it retains the environmental conditions so that
the height of the NPL is no longer a function of the size and
position of the openings alone.

Example 1: envelope without any discrete openings. To
illustrate the evaluation of Equations 12 and 14, consider the
example of an air permeable wall of width W in a flat roofed
construction (Figure 4). A discrete impermeable element, a
sealed window running the full width of the wall, is included.
In dynamic insulation construction, it is imporiant that the air
flows caly through the permeable wall and not through gaps
around doors and windows and between the insulation and
timber framing. It is assumed for the sake of generality that the
wall above the window is of a different permeance than the one
below. For this case Equation 12 changes to

n "
2

[o.03¢H ~nyda =p,w [ (K - h)dn+ ¢ Wa| (k- 1)dh =0
A 1] h

(19)

where a is the ratio of the permeances of the upper and lower
parts of the wall, as shown in Figure 4. Integrating and solving

“for the NPL, %, gives

DEECI.
G463

it is helpful to consider numerical examples of this very
useful equation to reinforce the physical insight it provides
into the design of air permeable envelopes:

ko
H

(i) With 50% glazing, h/H = 3/8, hyH = 7/8, and
a = 1, then the NPL coincides with the window-
sill at h/H = 3/8 (Figure 5a).

(ii) As above, but with a = 2, the NPL is raised from the
windowsill to just below the midpoint of the wall at
h /H = 39/80 (Figure 5b).

This illustrates how the NPL can be adjusted by varying
the size, disposition, and permeability of the envelope
elements.

Example (ii) above can be used to illustrate how to calcu-
late the airflow through the wall. Applying Equation 14,

19




Ap=5p/8

h,=7H/8 a=lI

NPL  h=h;=3H/3

Ap=3p/8

{a) Uniform permeance above and below the window.

Ap=41p/80

ha=7H/8 a=2

NPL  A=39H/80

SRRy \
Ap=39p,/80

(b) Permeance of wall above the window at twice that of the
permeance below.

Figure 5 Examples without  discrete

openings.

of envelope

[ ) i s
Qiy = W gdp[(h~h)dh = W ,gdp— = Woghp  (21)
0

Note that since the area of permeable wall above the
window is half that below the window, the mean airspeed of
air flowing out through the wall is twice that of air flowing in
underneath. This has two practical consequences:

20

a. The heat loss per unit area above the window will be
very much greater than that below the window (Taylor
et al. 1997).

b. The risk of interstitial condensation above the window
is greatly increased.

Example 2: envelope with discrete openings, The above
problems can be eliminated by creating an opening in the ceil-
ing and raising the height, H, at which air is vented from the
building by adding a ridge vent or chimney (Figure 3). This
has the effect of raising the NPL. Assume, for simplicity, that
the vent is of breadth, B, running the length of the building, W.
Application of Equation 18 for the geometry in Figure 3 gives:

1 o[ B2k By Maop Bpy 2k
2¢‘APE{E(E_E)_E(E_E)+(E—l)
(22)

éﬁ 1/2[5 E}I/Z _
CB(ZgE S ] EF =

This nonlinear equation can be solved iteratively for %.

A summary of the results of calculation of the height of
the NPL for the building geometry in Figure 3 is presented in
Table 1. An indoor-outdoor temperature difference of 20°C, a
wall permeance of 0.116 m’/m?hPa, and a ridge discharge
coefficient of 0.6 are assumed.

These results show that the NPL is just below the highest
discrete opening, This is because the pressure drop across the
opening is much less than that across the permeable wall. A
building with an airtight horizontal ceiling would behave like
the generic building in Figure 4. Real ceilings are not airtight
and the effect of air flowing through crevices in the ceiling
(albeit with pressure losses) will be to raise the NPL to around
ceiling height. The exact location will depend on whether the
Toft is heated and if it is ventilated at the eaves.

Pressure Variations Around
the Envelope Due to Wind

Wind blowing over a building tends to create a high pres-
sure on the windward side and a low pressure on the leeward
side (Figure 6). The pressure rise or fall is given by

V2
AP, =C [p ] (23)
! P 2
TABLE 1
Sample Calculated Values for the Height of the NPL
H{m) 300 | 400 | 500 | 600 1 3.00 6.00
H/E 1.00 | 133 | 167 | 200 | 100 2.00
B (m) 002 | 002 | 002 ) 002 0.10 0.10
niE 098 | 129 | 1.57 | 1.87 | 100 1.99
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Figure 6  Pressure distribution around the building due fo
wind.

where V is the local wind speed and p is the air density. The
term in brackets is the dynamic or velocity pressure of the
wind. The pressure coefficient C,, has to be measured experi-
mentally from wind tunnel tests on a scale model or by using
established correlations. The positive pressure on the wind-
ward face of a building is approximately 0.5-0.8 times the
dynamic pressure of the wind, and on the leeward side, the
negative pressure is about 0.3-0.4 times the same pressure.
The net wind pressure acting across a building is approxi-
mately equal to the wind dynamic pressure.

Swami and Chandra (1988) developed a particularly
uscful correlation from a database containing 544 average
surface pressure coefficients for predominantly low-rise
buildings, with some data from high-rise buildings. The pres-
sure coefficient for a surface is normalized with respect to the
C, ata wind angle of zero degrees. The following relationship
was also found between the normalized coefficient, NCP, for
each surface, wind incidence angle, @, and the building side
logarithmic ratio, G:

2 .
1.248 - 0.703sin(%‘) ~ L175sin (o) + 0.131sin°(20.G)
NC =Tn ) ,
+0.769 cos@‘] +0.07Gsin (%‘) +0.717cos (%)

24)

As a general observation, they found that wind angle and
building side ratio significantly affected C,. They also
concluded that uncertainties in the estimation of the site wind
speed and the effect of surrounding buildings are likely to be
equal to or greater than the uncertainty in estimating C, from
the correlation.

The Swami and Chandra correlation is applied to a simple
dynamically insulated building (Figure 7) in order to draw
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1 Length of building = 10.0m !'

Figure 7 Building with air permeable walls.

some general conclusions about the performance of dynamic

insulation under simultaneous wind and stack pressures. It is

assumed for simplicity that the walls are of uniform
permeance (0.116 m3/m2hPa), apart from doors and windows,
which are leak-tight. With dimensions as shown in Figure 7,
the building has a gross volume of 180 m>. This volume
together with the percentages of impermeable surfaces for
doors and windows in Table 2, 20°C temperature difference
between inside and out, and a 10 Pa depressurization produced
by an extract (suction) fan give a ventilation rate of 1 ach in
zero wind, This is used as the reference house.

Increasing the volume of the building (giving proportion-
aily less surface area) or increasing the amount of glazing
would require either an increase in depressurization or an
increase in the permeance of the walls to achieve a ventilation
rate of 1 ach. The terrain and shielding of the house are taken
into account by calculating the wind speed at ridge height
using the standard correction equation for surface terrain
roughness and height (Liddament 19%8).

z\Y
V= ;3(5) V,.s (25).
where the terrain description coefficients § and y are obtained
from knowledge of the site. The reference wind speed, Viep 18
assumed to be measured on flat terrain at a height of 10 m and
the wind incident at 0° to the west wall,

TABLE 2
Percentage impermeable Surfaces

West North East South

25% 0% 10% 25%
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TABLE 3
Wind Speed Corrections for Height and Terrain

Terrain Description ¥ B
Flat terrain with some isolated obstacles 0.15 1.00
Rural areas with low buildings .20 0.85
Urban, industrial, or forest areas 0.25 0.67
Center of large city, e.g., Manhattan 0.35 047

Wind Speed at Reference Site (m/s)

0 5 i0
0 7 7 7 ¥y 7 7 ¥ ¥ 7
X
o
o ~10
= B S
5 Rt o,
= e - —
% - -~ '\-.___.
@ X . e
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. ~
[ N .
o 20 k . ~
a .,
- X
City A
| | —— — Utban T
~ ~— - Rural
------ Open
-30

Figure 8 Depressurization as a function of wind speed.

The depressurization required for maintaining a ventila-
tion rate at 1 ach for the building in each of the diverse
swrroundings in Table 3 is presented, as a function of wind
speed (at the reference site), in Figure 8.

At wind speeds of up to 1 m/s, the depressurization
required is independent of wind speed and surroundings.
For rural or exposed locations with wind speeds in excess
of 10 my/s, the depressurization can exceed 20 Pa for the
reference building. Liddament (1988) suggests that one
should not exceed 10 Pa depressurization in buildings with
naturally aspirated furnaces in order to prevent problems
with backdrafts down flues. Furthermore, 10 Pa should not
be exceeded across doors and windows in order to prevent
‘difficulties in opening them or to prevent them slamming
shut (Dalehaug 1993). While none of these problems is

insurmountable, we propose to retain the 10 Pa depressur- -

ization limit for domestic buildings. As will be illustrated
later in this section, the wind speed, location, temperature
difference, and depressurization can all be used to deter-
mine the required permeance of the walls at the design
stage.

As the wind speed increases, airflow through the wind-
ward wall increases, yet through the leeward and side walls it

22
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Figure 9 Percentage reduction in wall heat loss as a

function of wind speed.
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Figure 10 Air change rate as a function of wind speed.

decreases. This means that the windward wall experiences the
greatest reduction in conductive heat losses (Taylor et al.
1996). The overall reduction in wall heat losses is shown in
Figure 9 for different levels of exposure. For an open site with
awind speed of 10 m/s, the total heat losses through the build-
ing walls are only 3% lower than for an equivalent airtight
construction, so that for this type of exposure there is little to
be gained by an air permeable construction. The ventilation
losses remain constant since the ventilation rate is maintained
at 1 ach. Only for open terrain with wind speeds in excess of
9 m/s was the depressurization on the lee side of the building
sufficient to draw air out through the walls. The general

.conclusion is that dynamically insulated buildings can be

designed such that even at high wind speeds air will always
flow into the buildings. On very exposed sites, however, it

" may be necessary to provide wind scTeening for the building.
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The importance of having an extract fan to maintain the
air flow inwards through the wall is illustrated in Figure 10. In
these calculations, the mechanical extract flow has been set to
zero and the internal pressure is also assumed to be constant at
0 Pa at all wind speeds since the interior is open to atmospheric
pressure via the roof vent. On an open site, wind speeds in
excess of 3 m/s at the reference site cause a negative air change
rate when there is only a 10°C temperature difference between
inside and out. What this means is that more airis being drawn
out through the leeward and side walls (Figure 6) than is being
blown in through the windward wall, with the balance
supplied by air being drawn down the roof vent. With larger
temperature differences, the stronger stack effect can delay the
onset of this downdraft. Figure 10 also shows that on a very
sheltered city center site with a temperature difference of 30°C
no backdraft will be experienced, provided wind speeds at the
reference site do not exceed 10 m/s. When air flows out
through the walls, the fabric heat losses can be excessive
(Figure 11). To sum up, a naturally ventilated, dynamically
insulated buiiding is feasible in a very sheltered site with a
large indoor-outdoor temperature difference. In practice,
however, an extract fan will usually be required to overcome
the negative wind pressure around a building.

The performance of a dynamically insulated building can
be made largely independent of wind direction by choosing a
building form with symmetry centered around a central verti-
cal axis, such as a circular dome. For more conventional build-
ings, an idea that has emerged recently for creating constant
depressurization within a building, independent of wind direc-
tion, is to replace the roof ridge with a trough, with louvers in
the side of the trough (Field and Pearson 1997). Alternatively,
making the outer cladding a good wind barrier could eliminate
the problems associated with the vadation in pressure around
the outside of a building due to wind. For example, having a
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Figure 11 Percentage change in wall hear loss as a
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continuous cavity around the building that was sufficiently
wide would enable any pressure differences to be equalized
effectively.

The following illustration will show how all of the above
influences of the internal and external environments can be
accommodated by an appropriate choice of the air permeance
of the envelope. Consider a single-story building with a floor
plan 10 m x 10 m, wall height 3.6 m, vent height 6.5 m, and
percentages of impermeable surfaces (glazing, doors, etc.)
specified in Table 2. The building is situated on a rural site with
the building axis oriented north-south, with a westerly wind,
outdoor air temperature of 0°C and indoor temperature of
20°C. Assume also that there will be an extract fan to provide
a ventilation rate of 1 ach at a depressurization of 10 Pa. Then
the air permeance required for the wall is 0.506 m>/m>hPa.
One can further predict that this will be satisfactory up to a
wind speed of 9 m/s, above which the heat losses will exceed
those of a similar airtight envelope.

The effect of wind gusis can be readily ignored in prac-
tice. If, for example, the minimum inward airflow is
planned to be 1 m3/m?h but changes to 5 m*m’h outward
for 30 seconds, then the air at the inner surface will have
moved only 42 mm into the insulation. When normal pres-
sure conditions are reestablished, the airflow will be as
planned. Problems, such as condensation, may occur only if
the flow disturbance lasts long enough to make air flow
from inside to outside, For a wall with 200 mm of insula-
tion, a gust of 5 m*/mh in the same direction would have
to persist for about two minutes before risking condensa-
tion. The effects of condensation would be reversed natn-
rally when the design airflow rate and direction are
reestablished.

The magnitude of the pressure fluctuations found on the
surfaces of buildings varies rapidly with time because of wind
turbulence. However, use of average wind pressures to calcu-
late pressure differences is often sufficient to determine aver-
age infiltration values. In residential buildings, the magnitude
of the wind pressure differences across a wall averaged over
20 minutes seldom exceeds 5 Pa, and in many cases the aver-
age is less than +2.5 Pa (ASHRAE 1993).

In the United Kingdom, the probability of very low
outdoor temperatures in conjunction with high wind speeds is
relatively low, so it wounld be incomect to use minimum
outdoor temperatures and maximum wind speeds when esti-
mating the depressurization for a dynamically insulated build-
ing. Taylor and Imbabi (1998) have considered multi-story
buildings. While the Swami and Chandra (1988) correlation is
very useful for the initial stages of a design, where the objec-
tive is to explore various building designs and ventilation
strategies, it must be remembered that it provides estimates
only of the average pressure on the walls. Locally on each wall
the external pressure will differ from this average and there
will still be the possibility of air flowing out through the wall
in regions where the external pressure is lower than the mean.
This can be overcome by including factors of safety in design,
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such as increasing the ventilation rate or planting wind-shelter
" belts around the building. However, it would still be advisable
1o confirm design calculations by wind tunnel tests on a scale
model of the building and the surounding terrain and wind
shields.

AIR PERMEABLE CEILINGS

While the discussion so far has dealt with the problems of
constructing dynamically insulated walls, this has not been the
most common way of implementing dynamic insulation. A
great many, if not the majority, of examples of dynamically
insulated buildings in Austria (Bartussek 1981) and Scandi-
navia (Liddell et al. 1996) use dynamically insulated ceilings
in conjunction with airtight walls. For single-story buildings,
this makes a great deal of sense for the following reasons.
First, the surface area for heat Ioss through the ceiling is
greater than the walls, even before allowances are made for
windows and doors, which could easily reduce the permeable
wall surface by 30% to 40%. With airtight walls, wind loading
and stack effect do not need to be considered. Second, the air
coming in throngh a dynamically insulated wall, although pre-
warmed, is still a few degrees cooler than the internal air
temperature (Taylor and Imbabi 1997). Relatively cool air will
descend under gravity, setting up a natural convective flow in
the wall boundary layer. Introducing skirting-level heating can
eliminate this cold, downward draft, If this air is introduced at
ceiling level instead, there will be greater opportunity for
mixing with the warm air in the room before it reaches the
occupants. Also, introducing air through the ceiling makes it
easier to ventilate rooms in the interior of the building.

The general concept of using a dynamically insulated
ceiling is shown in Figure 12a. The loft is well ventilated, and
at ambient outdoor air temperature, there is no need to insulate
the roof itself either conventionally or dynamically. This
configuration makes it easier to install an air-to-air heat
exchanger (Taylor and Imbabi 1996) for greater heat recovery
(see Figure 12b).

If a heat exchanger is installed in the ventilation system,
a supply fan will be needed in addition to the extract fan to
maintain the building at a relatively low depressurization of
5-10 Pa. Further advantages of dynamically insulated ceil-
ings are as follows:

¢ The ceiling is not blocked by fumiture as easily as a
wall.

*  The ceiling is less susceptible to damage and does not
require a wearing surface.

e  An acceptable decorative finish will be easier to achieve
than on a wall.

- The airtight wall is an inherently more robust design, since it is

murch less dependent on external and internal environments. It can
accommodate greater variation in occupant lifestyles, ranging
from the intermittent occupancy of a single person to a family
with very young children, or elderly people, who stay at home all
day.
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(a) Air permeable ceiling.

{b) Air permeable ceiling with air-to-air heat exchanger.

Figure 12 Dynamically insulated ceilings.

« ltis easier to install in an existing building.

= Inspection of insulation for signs of mold growth is
easy.

*  In the unlikely event of mold growth, insulation is easily
repiaced.

The only disadvantages of dynamically insulated ceilings
would seem to be the following:

¢ The loft cannot be boarded over and used for storage
unless staging standing off the joists with clear ventila-
tion underneath is erected.

»  Except for small floor plans, more than one vent to out-
side may be needed.
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CONCLUSIONS

With air permeable envelopes, it is imperative that good
environmental design principles be applied. The mere fact that
dynamic insulation relies on outdoor air flowing through the
wall to the inside means that the internal and external envi-
ronments are intimately coupled. This is highlighted by the
fact that the required air permeance of the envelope can be
readily calculated from the following design information:

Building dimensions

Building form

Proportion and location of glazing and doors
Indoor and outdoor temperatures

Ventilation rate

Depressurization

Wind speed and direction at reference site
Local terrain and wind shielding

Froho po ow

Changes in temperature, indoor or out, and changes in
wind speed and direction will influence the behavior of a
dynamically insulated wall and must be taken into account in
the design. Air permeable ceilings are less prone to the effects
of wind due to the attic acting as a large plenum.

Equations have been derived for calculating the neutral
pressure level (NPL) in buildings that have permeable walls or
roofs. Data on the air permeability of materials, which is
essential for the design of buildings incorporating dynamic
insulation, is presented.

To ensure adequate depressurization of the building under
likely wind speeds and directions, the architect has the choice
between mechanical and natural ventilation. Mechanical
ventilation is easier to design, permits a greater choice of site,
and is more predictable in operation, but it does incur addi-
tional costs. Natural ventilation is more challenging to design
since the wind speed, direction, and site conditions will infln-
ence the building design to a great extent. A naturally venti-
lated, dynamically insulated building would appear to be
feasible only in a very sheitered site or one with a large indoor-
outdoor temperature difference. Proposals for a dynamically
insulated building using natural ventilation would have to be
tested in a wind tunnel in order to gain confidence that the
design intentions would be fulfilled.

Air permeable ceilings are technically simpler than walls
to design and construct with the further advantage of provid-
ing a greater energy saving in single-story buildings.
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NOMENCLATURE
a = permeance ratio
A = area (m%)

ASHRAE Transactions: Research

c = discharge coefficient of opening
(o8 = pressure cocfficient for building surface
E = height to eaves (m)
g = zcceleration of gravity (m/sz)
G = natural fog of ratio of width of wall under
consideration to width of adjacent wall
h = height from neutral pressure level (NPL) (m)
h = height of NPL above datum (m)
H = height of highest opening (m)
L = thickness (m)
n = exponent in pressure flow relationship, number of
layers in building envelope, air change rate (b}
NC, = normalized pressure coefficient
P = pressure (Pa)
P, = stack pressure (Pa)
Py, = maximum outward pressure due to stack effect (Pa)
P, = wind pressure (Pa)
0 = air flow rate (m*h)
T = temperature (°C)
v = air flow velocity through envelope (m/h)
v = average air flow velocity through the ridge opening
(m/h)
Vv = wind speed (m/s)
z = height (m)
Greek Symbols
o = wind direction {degrees)
B,y = terrain description coefficients
¢ = air permeance of component (m3/m2hPa)
@ = air permeability of material (m?*/hPa)
p = density of air (kg/m’)
Subscripts
1 = outdoor
2 = indoor
d = discrete surface
P = permeable surface
ref = reference
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APPENDIX A
TABLE At
Measured Air Permeability of Building Materials (Taylor et al. 1996)
Density Thickness of Permeance Pressure Drop

Material (kg/m3) Layer (mm) m/in’hPa) Pa)’
Plasterboard - 12 8.81x10 1140
Thermal block 850 100 1.6x10 526

" Fiberboard - 12 0.116 8.6

Pumalite 870 100 0.36 2.8
Cellulose/wet blown 47 200 1.50 0.67
Cellulose/dry blown 65 150 1.67 0.60
Sheep’s wool 28 140 13.0 0.08

“ Pressure drop calculated at flow rate of | m*m’h.

26

ASHRAE Transactions: Research




	Taylor ASHRAE coversheet
	ASHRAE copyright statement
	Taylor ASHRAE 2000

