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THE IRRADIATION OF THIN SHEETS

\ by
P, H. Thomas

VoL

Tntroduction

When a localised area of a large thin sheet is irradiated, heat
is conducted from the irradiated area to the surrounding material,
reducing the temperature rise of the heated area, This problem is
discussed theoretically in this note for two shapes of irradiated
area, g circle and an infinite strip, One of the applications of this -
work is the testing of the ease of ignition of thin fabrics,

Theory.

Let Q be the heat flux per unit area/sec

K be the thermal conductivity of the material

/gbe its density

C 1its specific heat

k its diffusivity / ©

-{\ its thickness

H bg the cooling coefficient for the surface
h the ratio /K

t +the time

R the radius of the circular irradiated area
L the half width of the strip  irradiated area, .

We assume the sheet to be thin enough for it to be regarded as heated

uniformly across the sheet, The validity of this assumption depends ‘
on conditions hd << 1 and A/L <z 1, The heat flux Q is assumed
to be a steady flux, If it were a pulse the theory may be used to
calculate the maximum temperature reached at the end of the pulse,
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e have for the sheet in Figure 1
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Outside the range - L < » < L the equation above is replaced by
one in which @ is zero, Ve apply the Pou rier Cosine Transform
from which we have S : :
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where

Since & = () at t'= o we have from (2)
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i,e, after inversion
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The maximum temperature, @0 , occurs at the centre of the strip
at x'= o, : '
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If cooling at the surface is neglected

Now the maximum temperature of the sheet calculated on the assumpAtion
of no cooling to the neighbouring material or from the surface is

‘ 6' nax = Q——t—A ---.--(9)
AT |
Hence @/max = erf X - 2X2 erfcX + -\—(-1; X = .',_.,',,(;10)

Ir Qo is not to be permitted to exceed 250°C H does not exceed
10~3 cal/cmé/s/0C,

.’ For Aluminium X = 0.36 C.G.S, Units
f) = 2.8 " n
' C = 0.23 " 1t
k = 0456 " n

and for a heating time of 10

4 M A

seconds’ for & sheet of 50 x 10~3 in. thick

2 X 10-3 x 10 = 0.15

we have 2Ht

AN 50 x 103 x 2.54

From equation 7 such conditions as the surface cooling do not affect
the temperatures reached by more than 17 per cent, Havig calculated
o

B max and having talcen & permitlied temperature rise
z_r tw, Where +t,. is the duration of the.pulse,

maximum value of

the

can be calculated. Hence 2L the permitted width irradiated may. be.
found, Pigure 2 shows the relation between Go /6 and X glven

in equation 10,
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Gircular area

Instead of equation 1 we have for the circle
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As 'béfore surface cooling will be negllglble if PJ-_I t <<t and vie °
cons:Lder only the centre temperature : AN . -
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Differentiating (13) we have .
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This may be shown to reduce to
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where & : max is defined as in equation 9

and where tr = “"“"?"__,
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This relation (equation 15) between y and ¥ is also shown
max

in Figure 2, As is expected the effect of cooling to the surrounding
cool material is greater for the cirsle then for a strip of width equal
to the circle diameter, From the data in Figure 1 the effect can be
estimated for any size and heating time, It may be noted that the
thiclmess of the material appears only in e Yor & given flux

C9 nax increases as & decreases and this alters the L or R

necessary to restrict the actual temperature to & given value of 99 .
If surface cooling camnot be neglected, the relevant integrals cannot
be reduced to a form involving simple tabulated functions end they must
be computed for each case,
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THE EFFECT OF SIZE & HEATING TIME ON THE MAXIMUM
TEMPERATURE OF





