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Air gaps are often included in thc walls of structures
such as buildin::;s, ,,'hips, refrig,~rators :md ovens, fcr the
thernBl insula t ion 'd,lCh they provide.

)

The insulation of an air gap is dependent on the mean
temperature of its bounding surfaces and the best effect is :'

iachieved when the gap is at the position where it is at the
lowest pOGsible mean temperature. The value of the
ins.ulation affordeC'. by air gaps under various praotical
conditions in [fiven gra.phically.

The expression assumed for convective transfer should
only be considered valid when an air gap is at least *inch
wide.
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THE TffERMAL INSULATIm OF Am GAPS IN THE: ~RTICi;L PLANE

by

J. H. McGuire.

1 ) Introdu ction

A knowledge of the thern~l insulation afforded by an air' gar in the
wall of a structure such as a building, ship, refrigerator. or oven, is
important to the designer as this insula ~ion CA.n be superior to that of
a similar thickness of solid material ani dces not g~nerally incur the
SE~e weight and cost penalty. This note expresses the thermal insula
tion of an air gap in terms of the equivalent thiclmess of concrete
(having no thermal capacity) for a range of temperatures of the bounding
s\lrfaces.

In deriVing the expression for the insulation, or thermal resistance,
the width of an air gap hRS been assumed to be sufficiently great for,
convective transfer to b(; considered as na tural convective cooling of
the wanner surface to a free atmosphere (the air gap) and na tural oonvec
tive ~fl1ling of the cooler surface by a free a tmosphere , Experimental
work \1) in the United States of America indioates that this assumption
is only valid if the air gap is at least! inch wide.

2) .!kat trans~er across an ,air ~.P .
',.

The heat transfer aoross an air gap \vill be by radiation ana convec
ti.on. The expression for the radiative transfer per unit area of surface
(2) is

FR = [.1 (. a ~ rrI-r'iw- ,- 't1
t/+ta -t...J.• - \ft - fa. /

where Ct and &.a. are the emissivity (or abs orption) fac tors of the two
surfaces, T1 and T2 are the absolute temperatures of the surfaces, and
All! • -12 -2 -in-.-4v' 1.3 Stefants constant = 1.37.10 cal em sec -v •

In Appendix 1 it is shcwrn that an approximation to the above
expression, to ~ accuracy of 1 per cent for all practical conditions,
is

= temperature difference Tlwhere

and

{-I

"T = mean temperature (absolute) ~ +
2

Heat flmy by convection will be equal to the heat loss by convection
from the hotter surface to the air between the surfaces. This will be
given, approximately, by

wr~re H is a constant (3) = 4.7 x 10-5 cal cm-2 sec-1 OC-1•25•

This value of H is intended to a~ply to vertical surfaceG only.

1be expression may be rewritten

H (e )!t.,. .
F'"c,..11 ""2'~ e
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The heat transfer across the gap, which will be by both radiatiOl:'
and oonvection, will therefore be given by

This expression is of th~ same form as the expressio~ for the
(steady state) flow of he a t i!l::" Wlit 2.r023. through a slab of rna ter:i.al
i.e.

where x =
K •

and 11. ::::

thickness of slab of material
thermal conduotivity
x/K :::: resistance (per unit area) of slab of n~terial.

J1\r.t as II slab of rrnterial ~1aS a thernal resistance R :::: y./K so an air
gap hac Go rhe rrre.L resistance

I~.=

r:

t.

g 2 :1:-: -4Pd-i~\-= !"1'(!~1T\f~
-a.. - (. a. -:a)

Graphs of thermal resistance, in terms of equivalent thicknesses of
concrete giving tho san~ then,~l resistance, are given in Figs. 1-4.

Whils t the the:rmal resis'tance of a s lab of rna terial is dependent
on its thiCkness but independent of the temperature difference across
it, the thermal resistance of an air Rap is independent of its thickness
but dependent both on the menn temperature of the gap and on the
temperature difference across it.

As the above expression includes four var'LabLes (B,T f-..,I?,,.,.,,J.. f...~ )
presentation of values of R for a range of each of the vAriables would
be cumbersome. In practice the two surfaces bounding an air gap are
'usually similar and therefor~ have the same emissivity factor
(i.e. (, = t el= r..). ,This condi.td on has been assumed ana t he following
expression computed:- •

t

A nonogram (Fig. 5) is also given to allow conversion of concrete
thickness to equivalent thickness of an alternative material of aiffere~t

ther.mal oonduotivity.

3) .Intere~~n of' re suI~B

Each of' Figs. 1-4 inoludes a number of. curves for various values of a ,
the temperature difference 'between the two surfaoes bounding the gap.
For most praotioal purposes, however, the t~mperature difference lies
Within a particular range for any mean tempe~ture of the air gap and, ,
neglecting ~he curves for zero temperature difference across the gap, the
remainder of each family a ?proxima te to one curve.

""

-.

It will be seen that an air gap provides the greatest thermal
insulation when its mean temperature is as low as possible. Thus in a
refrigerator the air gap should be located nearest to the inner face of
the wall to give maximum effect. In a structure intended to offer
maximum fire resistance the gap should be located nearest to the surface
least ltlcely to be exposed to the fire. An air gap ncar to the face
exposed to a fire would, after a few minutes of exposure, offer only
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a sn~ll fraction of the ther-ral resistance afforded at ambient t~lperature.

Comparing the figures it will be seen that a reduction of t. ,
the emissivity factor of the surfaces,greatly increases the effectiveness
of the gap. Treatment of the surfaces bounding the gap, particularly
lining, with aluminium foil, would therefore prove very effective.

Where a designer needs to predict the ther"~l insulation of a wall
under equi.Li.br-i.um coridi tions, the effect of 2.D air gap can be caLcuLated
quite accurately by cne or' two successive app~oximations. Where, ha.rever,
tl~nsient conditions are considered, the more tedious methods of
calculation, such as a re1fI,~,B.tion method, must be adopted.

Values of therrral insulation, taken from Figs. 1-4, have been found
to agree to within t 10 per cent with values obtained expeIim~ntally,
over a srre.Ll, range of tel'1pera tures, by Wilkes and Peterson \4). The
results given in this note refer only to air gaps bounded by ve1'tical
surfaces. Those of i'lilkes and Peterson indicate that, wher-e the
b oundd.ng surfaces are horizontal, thermal insulntion will be greater
where heat flow is dO~lards and ,lesa where heat flow is u~"ards. The
difference only becomes important (i.e. greater tlmn 15 per cent) when
the insulation attains D. value in excess of an equivalent thickness of
7 inches of concrete.
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Appendix ~

In the expression for the radiative transfer between two surfaces
the factor

occurs where T andII 1;, are in degrees absolute.

this factor

."

..
•

Substituting T = 1; ... ,.it, and e= 'r - r
~ J ~

may be wri tten ~ 4- Ly( ... l!)"'](i... ~)4--(:r ....d =- T (It'~~ --(I"'n .

~ J,y" J G[I t-(fT) ~J
is th~f~~~ctte~;)e~orin approximating this expression

If e be considered as large as 1000C and T be as Low as 290'k
(:L70r;, i.e. normal ambient temperature) then the error is only 3 per cent
and with the values of e and T used in this note the error is always
Les s than'l per cent.

vhm
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