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Preventing Condensation on Cold Systems by use of Surface Emissivity

With the exception of flexible elastomeric foam,
practically every insulation used on cold systems,

from chilled water lines, to refrigerant piping, to
cryogenics, is installed with some sort of vapor
retarder or jacketing. The vapor retarder and jacketing
materials are often low emissivity compared to the
insulation, but are required to prevent moisture ingress
and corrosion. High emissivity materials though, like
flexible elastomeric, have a natural advantage when it
comes to preventing condensation.

Condensation is formed when a surface temperature
is at or below dew point, and the moisture in the air
condenses and forms liquid water. For example, in an
environment that is 80° F with 75 percent relative
humidity, the dew point is 72° F. Water will condense
on any surface at or below 72 F. So if you have a chilled
water line at 40° F, then you need enough insulation
around the surface of the pipe to keep the outer
surface above 72° F.

Once moisture gets in,

the insulation system is
compromised, because
water is so much more
conductive than
insulation. This is
referred to as
moisture ingress. For
insulation products that
absorb moisture, or that
are installed in several small
pieces with multiple paths for

moisture, a vapor retarded insulation

or jacket is absolutely required.

Just about the only type of insulation not requiring
a vapor retarder or jacket in these applications is
flexible elastomeric, because flexible elastomeric
has both a naturally low water vapor permeability
and moisture absorption, and because it is installed
in long, continuous sections for most cases.?

Many of the vapor retarder
and jacketing products
use low emissivity
materials, like
aluminum,
stainless steel,

and light-colored
polymeric films,
while the insulation
materials themselves,
including flexible
elastomeric, are high
emissivity. Emissivity is the
amount of radiant heat absorbed by a surface. Surface
emissivity directly affects the temperature of a surface
because the emissivity determines how much of the
radiant heat has been reflected or absorbed. This is the
same reason you feel cooler outside in the summer
wearing white or light clothes as opposed to black.

The high emissivity black surface is absorbing the
radiant heat and the white is reflecting it off.

Aluminum has an emissivity of about 0.05, meaning it
absorbs just about 5% of the radiant heat, reflecting
away the remaining 95%. Stainless steel has an
emissivity of about 0.15 and reflects away about

85%. On the other hand, a black flexible elastomeric
insulation, like ArmaFlex®, has an emissivity of 0.93,



meaning that it absorbs 93% of the radiant heat,
keeping the surface hotter longer. The emissivity of
polymeric films can vary, but will usually be somewhere
in the middle.

In some cases, the insulation may need to increase in
thickness to prevent condensation when a low emissivity
surface is used. Take a look at the following table below
(Figure 1) where the thermal conductivity of the insulation
is held constant, and the insulation thicknesses required
to prevent condensation are shown depending on the
environment.
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At 90% relative humidity though, the differences are much
more pronounced, with exposed flexible elastomeric
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insulation only requiring 2 inches to prevent condensation,
but insulation jacketed with stainless steel requiring

over 4-1/2 inches, and insulation jacketed in aluminum
requiring nearly 6 inches.

See the below table of surface emissivities of common
jacketing materials from 3E Plus:

Material Name Emittance
Aluminum, new, bright 0.04
Aluminum, oxidized, in service 0.10
Galvanized Steel, new, bright 0.10
Galvanized Steel, dipped or dull 0.28
Stainless Steel, new, cleaned 0.13
Stainless Steel, dull, in service 0.30
All Service Jacket 0.90
Canvas 0.90
Colored Mastics 0.90
PVC Jacketing 0.90

All things being equal, the higher emissivity surface

of flexible elastomeric insulation, like ArmaFlex, will
simply do a better job of preventing condensation
compared other insulation products with a low emissivity
vapor retarder or jacketing.
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' In the above example, all variables were held constant. A hypothetical chilled water line was assumed to be
made of steel, with 3.5” OD, with a wall thickness of 0.25", running 18 ft horizontally, with the insulation at 0.245

conductivity, and with the medium being 40 F water.

21f the humidity and temperature levels were constantly this high, then the system would require a zero-perm vapor
retarder or jacket, but if it was momentarily this high, it likely would not. Consult your mechanical or plumbing

engineering firm for design details.
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ABOUT ARMACELL

As the inventors of flexible foam for equipment insulation and a leading provider of engineered foams, Armacell develops
innovative and safe thermal, acoustic and mechanical solutions that create sustainable value for its customers. Armacell’'s
products significantly contribute to global energy efficiency making a difference around the world every day. With 3000
employees and 23 production plants in 15 countries, the company operates two main businesses, Advanced Insulation and
Engineered Foams. Armacell focuses on insulation materials for technical equipment, high-performance foams for high-tech
and lightweight applications and next generation aerogel blanket technology.
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