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REFLECTIVITY AND THE HEAT RESISL/NCE OF FOAU
oy
P, H, Thomas

Introduction -

French has given data (1) for the time to destroy a given volume
cf foam by heat radiated on to it, It has since been shown that these |
data can be correlated with the product of expansion and shear strength (2),
so0 that it is possible to regard the heat resistonce relative to the amount
of heat required to evaporate the water content of the foam as a function
of the bubble wall thiclness, 1lo physicel explanation of this was offered
but it is discussed here as a consequence of the variations in absorption
or refledtivity of foam resulting from changes in the foem properties,

Theory

Radiation is scattered (reflected and refracted) and absorbed by
the liquid in foam. It is assumed that the radiation is scattered
equally forward and back., An approximate result can be obtained very
simply by regarding the radiation as consisting of two fluxes one
forward 'F' and one backward 'B' in a semi-infinite medium,

Let 'X be the attenuation coefficient,
s the albedo, i,e., the fraction scattered in an
elementary volume, 3}~ w) is the fraction absorbed.
jvinn ¢ the direction of the radiation normal to the boundary,
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From Fig. 1 it' is poss:.'ble to write
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The boundary conditions are

F=| ok 2£=0
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by inserting thel ﬁbo‘@ expressa.on

for F into equation 1 from which .
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We then can obtain the 'value of

Bo is the reflectivity of the foam, . f.-

The heat resistance [5\ relative to unit water content is inversely
proportional to the absorption of the foam 1i,e,

where c P( - |- ‘@o S

i.e, from equation 5
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It is nowﬁecessa.ry to calculate D in terms of the foam properties,

The calculation of WJ
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A pencil of rédiation malting 9 with the normal to a layer of

liquid has a path length Asec‘-f’ where A is the thickness of
the liquid layer and \J/ the angle of refractiom (sez Fig. 2), The fractiom
transmitted is therefore A Asecth where st is the absorption

coefficient, The radiation is assumed to be isotropic so that the same
relations hold for all orientations of the liquid layer, The fraction
in the elementary oone JJ@ is sin® cd(9 and the mean fraction absorbed
-is therefore 9o

l-w = ,(‘"' zﬂmuu)swl@cw

| 9o 0
Since | Swa- J 0"‘} is unity we have

[+

~ We have the refractive index

se 8 ()

—— -2
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W is found as a function of Aby numerical integration. It is
then possible to compute A in terms of‘/n A and this is shown in
. Fig, 3, . ’
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_We have also - A = = S ceeees (8)
where E = expansion. 4
S = specific surface “em

Clarke (3) gives the relation

2a S = 9

where q,_ is critical shearing stress
omd A is a constant for any one foam liquid and of dimensions

dyne/cm,
Hence from eguation 8 L+ a ) veenes (9)
& = E 4.

A value fot- G..of 3 dynes/cm is given for hydrolised keratin foam .
by Clark ) and this value is assumed for the foam-used in these
. experiments.

Computation and results

From equations 6, 7 and 9 the he:t resistance ‘e\ has been
formally obtained in terms of A the absorption coefficient ouan
the product Eq(. However, the dependence of on _Aameans that a
"mean absorption must be calculated to allow f'or the spectrum of the
incident radiation, This has been assumed to be characteristic of a
black body at 1,100°K, The actual heat resistance has been calculated

from the mean absorptlon A by -A_ [a;\— #b\l d>

o
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where ‘\L(b\(b\ is the fraction of the total radiation between
wuvelengths P\ & )\ J—«‘\.

Por any one value of ‘:iﬁu,\ bk is calculated from eguation
and with values of A4~ for water, obtained from the International
" Critical Tables and values of ) - A was obtained from equation 10

and  Bi 3. The result of the compution is showm in g

L together (2)
with t e experimentel data, The results which appear to be anocmalous in
terms of a single correlation between 4 end = g are excluded here,
Discussion

It is seen that in the region of large values of [ ¢ , vhere
drainege can be disregarded as a factor responsible for lowering the
heat resistance (and in fact giving values less than unity for £3, < 6000)
the calculated line is below the actual results and appesrs to have &
less steep slope. The data on the absorption of water that has been used -
is by no means adequate for this purpose and the value of . 1is an
agsumed value, A smaller velue of this property would have the effect of
shortening the scale of /z4, di.e, of raising and steecpening the
calculated line, :

On the other hand it must be said that the theoretical model is
subject to two principal errors, By neglecting side scattering it
overestimates the value of . . Bquating the forward and back
scattering instead of taking into account the greater value of the
forward scatitering also affects the value of #., The magnitude of
these effects cannot be readily ascertained without o more detailed

analysis,

It is not possn.ble to be certain that all the observed varla.tlon
in heat resistance is a result of changes in ref lectlvn.ty but the
calculations show that there sre reasonable grounds for thinking so,
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HEAT RESISTANCE RELATIVE TO WATER CONTENT

aﬁ...\.ﬂ?\m.
R e
=3 5 0 S 20 R 30
EXPANSION X CRITICAL SHEARING STRESS X 10— dynes crri’
X
HEAT RESISTANCE OF FOAM Or DIFFERENT SHEAR

FIG A TH
T

F
STRENGTH AND EXPANSION





