PO ccupant Comfort

Providing true occupant comfort at reasonable cost goes far beyond maximizing R-values and controlling thermal losses.
It requires careful systems planning, a thorough understanding of building envelope thermal characteristics, and
miethods of controlling air and moisture flow. Spray polyurethane foams can provide economical, high-performance
insulation, air barriers and moisture barriers in netw construction and in renovation and restoration projects.

n a well-designed interior space, questions of comfort never

occur to those who inhabit it. They simplv are comfortable. For

the designer, the goal is to exert such perfect control over the
dyvnamic interior environment that those within remain totally
unaware of the array of structural elements and technologies respon-

sible for their comfort.
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LEARNING OBJECTIVES

When you have finished this course, you should:

» understand how thermal gradients, and the flow of air, mosture, and vapor

within the structural envelope nffect occupant comfort
e rdenftfiy commen arr, moisture and vapor flowe problems that exacerbate conifor!
e recognize the benefits of spray polyurethane foam (SPF) i ensurmg comfort

o distinguish betiveen one-component and Feo-component SPF applications
g , !

Only by continually balancing
interior temperature, air flow volume,
velocity and moisture content can the
designer ensure occupant comfort under
all circumstances.

Naturally, while a pleasant
ambience is the result, it is a pragmatic
svstems approach that provides the
means, beginning with a careful analysis
of thermal gradients, and potential air,
moisture, and vapor flow paths
throughout the structure.

With a detailed analysis in
hand, the architect can begin to specify
the structural elements, construction
materials and building techniques that,
together, will create total comfort.

It is the intent of this learning
module to describe how the use of sprav
polyurcthane foam technologies help to
control air, moisture and vapor flow, as

well as interior temperature.

Why spray polyurethane foam?

Sprav polvurethane foam (SPF) offers the architect tremendous
versatility. [t can bond disparate materials, adhere to a plethora of
substrates to provide thermal insulation and sound deadening, fill
cracks and voids to control air and moisture flow, even as it conforms
to virtually any architectural shape or surface configuration that
might be used in residential or commercial applications.

SPF products are used for insulating homes, commercial
buildings, roofs, storage tanks, cold storage facilities, ducts, pipes and
more. Depending on the reactivity of the polymeric mixture and the
delivery mechanism, SPF may be supplied as:

* Poured foam — where a liquid stream reaches the substrate

* Spray foam — where a large quantity of small liquid droplets reach
the substrate

¢ Froth foam — where the liquid droplets reaching the substrate
contain already-nucleated miniature gas bubbles.

SPF's versatile physical properties make it useful in perhaps
unexpected applications. For instance, in restoration or rehabilitation
projects, instead of demolishing the outer leaf of a brick wall to install
new wall-ties, rigid SPF can be injected to bond the brick veneer to the
inner wall. SPF products can also be used to consolidate friable strata
to prevent soil erosion in challenging landscaping projects. Specially



designed, poured SPF has also been used for repair {(leveling) of com-
mercial /industrial building floors where a slab with direct ground
contact has settled unevenly.

In construction of the building envelope, SPF products are
used mainly to control heat transfer and to provide air and moisture
barriers. SPF can provide a complete seamless building envelope,
creating a more comfortable indoor environment for the life of the
structure. It seals cracks and seams, giving added protection.

SPF can form a seamless bond with building components to
create a structurally sound, uniform air-infiltration-barrier svstem,
which retains its superior thermal properties even in the most
extreme climates.

All of these roles help SPF to contribute to a comfortable
interior environment and extraordinary occupant comfort.

Comfort’s thermal component
Economically maintaining desirable indoor temperatures requires a
well-insulated building envelope. The higher the R-value of any
envelope component (e.g., foundation, wall or roof), the greater the
envelope’s resistance to heat transfer.

Since the capacity of the heating, ventilating and air-
conditioning (HVAC) system must equal the net sum of all heat losses
and gains under worst-case weather and building-use conditions, the
higher the envelope R-value, the smaller the HVAC system for a
given design and envelope configuration.

As with any building mechanical system, the initial capital
costs of insulation and other thermal efficiency measures must be
balanced against the potential savings in ongoing HVACoperating
costs. The final design R-value should be determined by optimizing
all cost factors.

Contributions to energy efficiency and perceived occupant
comfort are also made by the exterior design and materials selection,
building orientation, extent of windows, use of passive solar strate-
gies, and the selection of interior space geometries, materials, surface
treatments and even colors.

Here, we will confine the discussion to the control of heat
transfer, and to the use of various techniques to control air, moisture
and vapor flow through the envelope.

Heat transfer refresher

Heat flows from points of higher temperature to points of lower

temperature by three distinct mechanisms:

e conduction—heat flow through a solid

* convection—heat flow from a solid surface to a fluid (liquid or gas)

o radiation—heat flow directly from one body or surface to another
via electromagnetic waves (without changing the temperature of
the intervening space).

All three of these heat transfer modes oceur simultaneously
in any real svstem (though one or two often dominate), and all three
can play a role in occupant comfort.

The rate of heat transfer between any two points is deter-
mined by the physical characteristics and geometries of the materials
and spaces separating them, plus the temperature differential
between the two points.

For instance, examine the flow of heat through the exterior
wall of a residential project on a cold winter day. Assume the heating
system is operating properly and that the interior room air is 70°F,
while the outside air is 35°F.

Heat will flow from the room air to the wall surface
primarily via convection, then through the interior wall by conduc-
tion. At the studs, heat will flow from the wall to the studs, then
through the exterior sheathing and exterior cladding, all by
conduction. Finally, the heat will flow by convection from the exterior
cladding surface to the outside air.

If the wall area bebween the studs—which represents about
90% of the total wall surface—is filled with insulation, heat wiil
follow the same path and transfer methods as outlined above, except
through the insulation instead of the studs.

If. on the other hand, the insulation does not fill the cavity
between the interior wall and the exterior sheathing, then heat will
not flow through the entire envelope by conduction. Rather, an added
convection circuit will carry heat from the interior wall into the air in
the gap between the wall and insulation, and then from the air in the
gap to the insulation.

R-value
Every material exhibits its own characteristic resistance to the flow of
thermal energv through it. Thermal resistance, R, for a given struc-
tural component is the sum of all resistances encountered along the
path of heat flow. : 22

Insulation mate-

rials are chosen for their
high resistance to thermal
flow, given in English

units as ft2-hr-F*/BTU-in, Cnossil ?g;;i
often expressed as a value Airﬁlmﬁu'ﬁide 0 ¢
per inch of thickness. e : :

The temperature
profile of a wall or roof
cross-section can be cal-
culated bv apportioning
the total temperature dif-
ference across the section
in the same proportion as
the individual structural
member’s R-value bears
to the total R-value.












