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UNDERSTANDING
THE THERMAL
CONDUCTIVITY OF
AIR IN ENGLISH
UNITS

When  discussing  heat
transfer and insulation
p r o p e r t i e s ,  f e w
c o n c e p t s  a r e  a s
fundamental  yet  as
f r e q u e n t l y
misunderstood  as  the
thermal conductivity of
air.  For  engineers,
a rch i tec t s ,  HVAC
professionals,  and
anyone  involved  in

thermal  management,
knowing  the  precise
thermal conductivity of
air  in  English  units  is
n o t  m e r e l y  a n
academic exercise but
a  practical  necessity.
The  ability  of  air  to
c o n d u c t  h e a t
influences  everything
from building insulation
to  electronic  cooling,
f r o m  i n d u s t r i a l
processes to everyday
c o m f o r t .
Understanding  this
p r o p e r t y  i n  t h e
imperial  system  of
measurement  remains
essential  for  many
industries  operating
wi th in  the  Un i ted
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S t a t e s  a n d  o t h e r
regions  that  continue
to rely on English units
f o r  d e s i g n  a n d
analysis.  This  article
explores  the  thermal
conductivity  of  air,  its
m e a s u r e m e n t  i n
Engl ish  uni ts ,  the
factors  that  influence
it, and its critical role in
real-world applications.

What is
Thermal
Conductiv
ity?
Thermal conductivity is
a  material  property
that  describes  the
ability  of  a  substance
to conduct heat.  More
formally, it  is the rate
at  which  heat  passes
through a unit area of
a material when there
i s  a  t e m p e r a t u r e

gradient  perpendicular
to that area. Materials
wi th  h igh  thermal
conductivity,  such  as
copper and aluminum,
transfer  heat  quickly,
while  those  with  low
thermal  conductivity,
s u c h  a s  w o o d ,
fiberglass,  and
stagnant  air,  act  as
insulators. The thermal
conduc t i v i t y  o f  a
material is denoted by
the  symbol  k  and  is
expressed  in  units  of
power  per  length  per
t e m p e r a t u r e
difference.  In  English
u n i t s ,  t h e r m a l
conductivity is typically
measured  in  British
Thermal Units per hour
per  foot  per  degree
F a h r e n h e i t
(BTU/(h·ft·°F)).
T h e  t h e r m a l
conductivity  of  air  is
uniquely  interesting
because  air  is  a  gas,
a n d  i t s  a b i l i t y  t o
c o n d u c t  h e a t  i s
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significantly lower than
that of most solids and
l i q u i d s .  T h i s  l o w
thermal conductivity is
why trapped air is such
an  effective  insulator.
S t i l l ,  a i r  i s  n o t
completely  inert  when
i t  c o m e s  t o  h e a t
t r a n s f e r ,  a n d  i t s
conductivity  changes
with  temperature,
p r e s s u r e ,  a n d
composition.

Thermal
Conductiv
ity of Air
in English
Units:
The Core

Values
T h e  t h e r m a l
conductivity  of  air  at
standard  conditions  is
well  established.  At
32°F  (0°C)  and  one
a t m o s p h e r e  o f
pressure,  the  thermal
conductivity of  dry air
in  Engl ish  uni ts  is
approximately  0.0146
BTU/(h·ft·°F).  This
v a l u e  i n c r e a s e s
g r a d u a l l y  a s
temperature  rises.  For
example,  at  212°F
(100°C),  the  thermal
conductivity  reaches
r o u g h l y  0 . 0 1 8 6
BTU/(h·ft·°F) .  At
t y p i c a l  r o o m
temperature,  around
70°F (21°C), the value
s i t s  nea r  0.0150
BTU/(h·ft·°F) .
These  values,  while
small,  are  critical  for
e n g i n e e r i n g
calculations.  To  put
them  in  perspective,



4

4 Thermal Conductivity Of Air English
Units

2023-04-07

copper  has  a  thermal
conductivity  of  about
223  BTU/(h·ft ·°F) ,
m e a n i n g  c o p p e r
conducts  heat  roughly
15,000  times  more
effectively  than  air.
Fiberglass  insulation,
which relies on trapped
ai r ,  has  a  thermal
conductivity  of  about
0.025  BTU/(h·ft·°F),
only  slightly  higher
than  still  air.

Factors
Affecting
the
Thermal
Conductiv
ity of Air
T h e  t h e r m a l
conductivity  of  air  is
not  a  fixed  constant.

Several  factors  can
c a u s e  i t  t o  v a r y
significantly,  and
understanding  these
variations  is  essential
f o r  a c c u r a t e
engineering  work.

TEMPERATURE

Temperature  is  the
most  significant  factor
influencing the thermal
conductivity  of  air.  As
temperature increases,
the  kinetic  energy  of
air  molecules  rises,
l e a d i n g  t o  m o r e
frequent and energetic
coll isions  between
m o l e c u l e s .  T h i s
increased  molecular
activity  enhances  the
transfer  of  thermal
e n e r g y .  T h e
relationship  between
tempera tu re  and
thermal conductivity is
approximately  linear
within  the  range  of
t e m p e r a t u r e s
c o m m o n l y
encountered  in  HVAC
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a n d  b u i l d i n g
applications. For every
100°F  increase  in
temperature ,  the
thermal conductivity of
a i r  i n c r e a s e s  b y
r o u g h l y  1 0  t o  1 2
percent.

PRESSURE

For pressures typically
e n c o u n t e r e d  i n
atmospheric  and  low-
pressure  applications,
t h e  t h e r m a l
conductivity  of  air  is
e s s e n t i a l l y
i n d e p e n d e n t  o f
pressure.  This  might
seem surprising, but it
arises  from  the  fact
tha t  wh i le  h igher
pressure increases the
number  of  molecules
per  unit  volume,  the
m e a n  f r e e  p a t h
between  molecular
collisions  decreases
proportionally. The net
effect  on  thermal
c o n d u c t i v i t y  a t
moderate  pressures  is

negligible. However, at
very  low  pressures,
such as those found in
vacuum  insulation
panels or high-altitude
environments,  thermal
conductivity  drops
significantly  because
there  are  simply  not
enough  molecules  to
c a r r y  h e a t .  A t
e x t r e m e l y  h i g h
pressures,  there  is  a
modest  increase  in
conductivity.

HUMIDITY

The presence of water
vapor  in  air  alters  its
thermal  conductivity.
Water  vapor  has  a
h i g h e r  t h e r m a l
conductivity  than  dry
air,  approximately
0.0198 BTU/(h·ft·°F) at
212°F compared to dry
a i r  a t  t h e  s a m e
t e m p e r a t u r e .
Therefore, as humidity
increases,  the  overall
thermal conductivity of
the  air  mixture  rises.
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However,  the  effect  is
relatively  small  for
t y p i c a l  h u m i d i t y
ranges .  Fo r  mos t
engineering  purposes,
t h e  t h e r m a l
conductivity of  dry air
is  used as a baseline,
w i t h  c o r r e c t i o n s
appl ied  when  high
humidity or condensing
conditions are present.

COMPOSITION

Air  is  a  mixture  of
g a s e s ,  p r i m a r i l y
nitrogen  (about  78%)
and  oxygen  (about
2 1 % ) ,  w i t h  s m a l l
amounts  of  argon,
carbon  dioxide,  and
trace  gases.  Each  of
these components has
i t s  o w n  t h e r m a l
conduct iv i ty .  For
s tandard  a i r ,  t he
mixture values are well
d o c u m e n t e d .  I n
s p e c i a l i z e d
applications, such as in
clean rooms, industrial
p r o c e s s e s ,  o r

c o n t r o l l e d
atmospheres ,  the
composition may differ,
a n d  t h e  t h e r m a l
conductivity  must  be
r e c a l c u l a t e d
accordingly.

Why
English
Units Still
Matter
Despite  the  global
t r end  t owa rd  t he
International System of
Units,  English  units
r e m a i n  d e e p l y
embedded  in  many
industries  within  the
United States. Building
codes,  HVAC  design
standards,  p ip ing
specifications,  and
many  engineer ing
textbooks still use BTU,
f e e t ,  h o u r s ,  a n d
degrees  Fahrenheit.
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For  pro fess iona ls
working in these fields,
having  the  thermal
conductivity  of  air
expressed  in  English
units  is  essential  for
d a y - t o - d a y
calculations.  Using
metric  values  requires
conversion  steps  that
can  introduce  errors,
e s p e c i a l l y  w h e n
dealing  with  complex
systems  involving
multiple properties.
For  example,  when
calculating  the  heat
loss through a building
wa l l ,  the  therma l
resistance (R-value) of
the  air  film  on  the
interior  and  exterior
surfaces  is  needed.
These values are often
tabulated  in  English
u n i t s ,  a n d  t h e
underlying calculations
rely  on  the  thermal
conductivity  of  air.
Similarly, the design of
heat  exchangers ,
radiators,  and  cooling

systems  frequently
involves  the  thermal
conductivity  of  air  in
BTU/(h·ft·°F).

Practical
Applicatio
ns of Air's
Thermal
Conductiv
ity
BUILDING
INSULATION AND
ENERGY EFFICIENCY

The  most  common
appl icat ion  of  the
thermal conductivity of
a i r  i s  i n  b u i l d i n g
insulation.  Insulation
mater ia ls  such  as
fiberglass,  cellulose,
a n d  f o a m  w o r k
primarily  by  trapping
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small  pockets  of  still
air.  The  low  thermal
conductivity  of  air
means  that  these
trapped pockets  resist
heat  flow,  keeping
bui ld ings  warm  in
winter  and  cool  in
summer.  The  R-value
of insulation is directly
related to the thermal
conductivity of  the air
within it, along with the
material's  density  and
s t r u c t u r e .
Understanding  the
thermal conductivity of
air  helps  engineers
design  insulation  that
b a l a n c e s  c o s t ,
t h i c k n e s s ,  a n d
performance.

HVAC SYSTEM
DESIGN

Heating,  ventilation,
and  air  conditioning
systems  must  move
heat  into  or  out  of
spaces.  The  thermal
conductivity  of  air
influences  how

effectively air can carry
heat,  whether  i t  is
being  warmed  by  a
furnace,  cooled  by  an
air  condit ioner,  or
simply moving through
ducts. When designing
ductwork,  engineers
consider  the  thermal
conductivity  of  air  to
predict  temperature
losses  or  gains  along
the  duct  run.  This  is
especially  important
for  long  duct  runs  in
unconditioned  spaces,
s u c h  a s  a t t i c s  o r
crawlspaces.

ELECTRONICS
COOLING

I n  t h e  w o r l d  o f
e lec t ron ics ,  heat
management is critical.
M a n y  e l e c t r o n i c
devices  rely  on  air
cooling,  where  heat
g e n e r a t e d  b y
c o m p o n e n t s  i s
t r a n s f e r r e d  t o
surrounding  air  and
then  carried  away  by
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natu ra l  o r  f o rced
c o n v e c t i o n .  T h e
thermal conductivity of
air  determines  how
easily heat moves from
the hot surface to the
air. While convection is
t h e  d o m i n a n t
mechanism  in  most
cool ing  scenarios,
conduction through the
air  is  the  first  step.
Engineers  use  the
thermal conductivity of
air  to  calculate  heat
sink  performance,  fan
requirements,  and the
o v e r a l l  t h e r m a l
resistance of electronic
assemblies.

INDUSTRIAL
PROCESSES

Numerous  industrial
processes  involve  the
heating  or  cooling  of
air.  Industrial  ovens,
dryers ,  k i lns ,  and
furnaces all depend on
the thermal properties
o f  a i r .  P r e c i s e
knowledge  of  air 's

thermal  conductivity
allows  for  accurate
temperature  control,
energy  efficiency
opt imizat ion,  and
p r o d u c t  q u a l i t y
c o n s i s t e n c y .  I n
processes where air is
used as a heat transfer
m e d i u m ,  t h e
conductivity  value
directly  impacts  the
sizing  of  equipment
a n d  t h e  s p e e d  o f
thermal processing.

Comparin
g Air's
Thermal
Conductiv
ity to
Other
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Common
Substanc

es
To fully appreciate the
thermal conductivity of
air, it helps to compare
it with other materials.
The following list shows
approximate  values  in
English units:

Copper: 223
BTU/(h·ft·°F)
Aluminum: 118
BTU/(h·ft·°F)
Steel: 26
BTU/(h·ft·°F)
Glass: 0.45
BTU/(h·ft·°F)
Water: 0.34
BTU/(h·ft·°F)
Wood (pine):
0.09 BTU/(h·ft·°F)
Fiberglass
insulation: 0.025
BTU/(h·ft·°F)
Air (at 70°F):
0.015

BTU/(h·ft·°F)
Argon: 0.010
BTU/(h·ft·°F)

As the numbers show,
a i r  i s  o n e  o f  t h e
poorest  conductors  of
heat  among  common
substances.  This  is
precisely  why  it  is  so
v a l u a b l e  a s  a n
insulator when trapped
in  a  stationary  state.
Gases, in general, have
l o w  t h e r m a l
conductivities  because
their molecules are far
apart  compared  to
sol ids  and  l iquids,
limiting the transfer of
kinetic energy through
molecular collisions.

Methods
for
Measurin
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g
Thermal
Conductiv

ity of Air
Measuring the thermal
conductivity of air with
precision  requires
specialized equipment.
The  most  common
methods  include:

Hot-wire1.
method: A thin
wire is
electrically
heated, and the
rate at which
heat dissipates
into the
surrounding air is
measured. The
thermal
conductivity is
derived from the
temperature rise
of the wire and
the power input.

Parallel-plate2.
method: A
sample of air is
held between
two plates at
different
temperatures.
The heat flux
through the air
layer is
measured, and
the thermal
conductivity is
calculated from
the temperature
difference and
the layer
thickness.
Transient plane3.
source method:
A sensor placed
in the air is
heated briefly,
and the
temperature
response is
analyzed to
determine both
thermal
conductivity and
thermal
diffusivity.
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These methods require
carefu l  contro l  o f
temperature, pressure,
and humidity to obtain
accurate  resu l t s .
Standard  reference
values are established
by  organizations  such
a s  t h e  N a t i o n a l
Institute  of  Standards
and  Technology  and
are  used  globally  for
c a l i b r a t i o n  a n d
validation.

Common
Misconce
ptions
About Air
Thermal
Conductiv

ity
A  f e w
misunders tand ings
about  the  thermal
conductivity  of  air
deserve  clarification.
First,  many  people
assume that moving air
has  a  higher  thermal
conductivity  than  still
air.  In  reality,  thermal
conduc t i v i t y  i s  a
material  property  that
does  not  change  with
bulk  motion.  What
c h a n g e s  w i t h  a i r
m o v e m e n t  i s  t h e
c o n v e c t i v e  h e a t
transfer  coefficient,
w h i c h  c o m b i n e s
conduction  with  the
advection  of  heat  by
fluid  motion.
C o n v e c t i o n  i s  a
separate phenomenon,
e v e n  t h o u g h  i t
depends on conduction
at  the  microscopic
level.
Second,  there  is  a



Thermal Conductivity Of Air English Units 13

13

bel ief  that  a i r  is  a
perfect insulator. While
a i r  h a s  v e r y  l o w
thermal conductivity, it
is  not zero,  and there
are applications where
e v e n  s l i g h t  h e a t
transfer  through  air
matters.  In  vacuum
insulation  panels,  for
example,  the  air  is
removed  to  eliminate
gaseous  conduction
altogether,  achieving
even  better  insulation
performance.
Third, some think that
t h e  t h e r m a l
conductivity  of  air  is
c o n s t a n t  f o r  a l l
c o n d i t i o n s .  A s
discussed  ear l ier ,
temperature and, to a
lesser extent, humidity
and  composition  affect
the  value.  Using  a
single  number  for  all
situations  can  lead  to
errors  in  engineering
calculations.

How to
Use
Thermal
Conductiv
ity of Air
in
Calculatio
ns
For  engineers  and
t e c h n i c i a n s ,  t h e
thermal conductivity of
a i r  i s  u s e d  i n  t h e
F o u r i e r  h e a t
conduction equation:
Q = k × A × (ΔT) / d
Where:

Q is the heat
transfer rate in
BTU per hour
k is the thermal
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conductivity in
BTU/(h·ft·°F)
A is the cross-
sectional area in
square feet
ΔT is the
temperature
difference in
degrees
Fahrenheit
d is the thickness
of the air layer in

feet

This  equation  applies
only  to  conduction
through stationary air.
For  most  real-world
scenarios involving air,
convect ion  i s  the
dominant  mechanism,
but conduction remains
the underlying physical
p r o c e s s  a t  t h e
molecular


