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The intensity of radiation falling on a copper block has been

derived in terms of the transient temperature rise asswning .

(1) tewtonian cooling from the surfaces (1),

(2) A more exact cooling correction given by Hampton (2).

vith the apparatus designed the two solutions are identical for
" heating periods up to two minutes,

Another method is given for calculating the intensity of radiation
tTalling on the copper block,

November, 1953,

File Wo, I1/4(P)

LIBRARY REFERENEE ONiy

Fire Research Station,

Boreham Yood,

terts,

© BRE Trust (UK) Permission is granted for personal noncommercial research use. Citation of the work is allowed and encouraged.



+URTHER COOLING CORRECTICIHS ¥OR THE
COPPER DISC RADIOMETER

by

D, L. Simms and M. Law

1, By essuming Newtonian cooling, Lawson (1) has derived the intensity
of radiation falling on a copper block in terms of the transient
temperature rise (Fig, 1). The solution obtzined may be written

. -2,
Q = —%ﬂi_’ (j — M £ cerene (1)

where M 1is the mass of the copper block
g 1s the specific hecat
C 1is the area of thc block exposed to rediation
D 1is the area of the block emitting heat
I ie the intensity of the radiation

and "'LP.is the Newtonian cooling constant.

The rise in temperature of the block during an experiment may be
83 high as 100°C above the ambient temperature, Ifewton's lew of cooling
is usually accepted as accurate for small temperature differences only.
The error of using equation (1) may be estimated by comparing that
solution,with the onc obtained using the more exact approximation of
Hampton \2/,

Asguming that the temperature of the block remains uniform throughout
the experiment the transieni temperature rise £ is given by

Msé + D(AE+3E) = IC ceerer (2

where A and B are the constants given by Hampton,
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equation (2) becomes
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the subsidiary equationof which is
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A solution to equation (3) is
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Equations (1) and (4) cannot be compared enalytically. In Fig. 2, using
the constants given in Appendix I, they are compared for two values of
the intensity of radiation I, The curves are identicel within the
limits of measurement, '

2, A further method of correcting for heat losses

The rise in temperature of the copper block is given by equation (1).

The temperature of the block after being shielded from the rediation

is given by .
Ms& = DS
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Substituting for in equation (1) glves

T """S(x—- )
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The mean value of ’111 can then be determined from the slopes of the
tangents to the cooling curves at various temperatures, The curve
given by expression (;% car also be computed and compared with the
-equivalent experimentzl one,

. 3. Conclusions

The transient temperature rise E} of a copper block has bgen
calculated assuming cooling from the surface by Hampton's Law (2),

w [ Amnhot
6; = 7:: [ e ” = 1ibbalfu/f:

Hor periods of irradiation up to_two minutes, this is identical
with the transient temper?tgre rise E; calculated assuming Newtonian
cooling {rom the surface

sl _ D
9 :-:j:)——:-'q:, | — @2 ti1s f. (8)

Another method of calculating the intensity of radiation in terms
of the transient temperature rise has been found, The value of
the Newtonian cooling constant, can be found from the slope of the
cooling curve and by substituting in equation (§), the intensity of
rediation, I may be calculated.
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Appendix I

Constants used in calculations

Mass of copper block

Specific heat of copper block

Area of block receiving radiation
Total surface area of block emitting

radiation
Hewtonian cooling constant
Hampton's conastants,
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2.8 x 107% cal/cm?/sec/9G
1.96 x 1074 cal/onl/sec/0C
1.71 x 10-6 cal/cm?/sec/OC.
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FIG. 2. COMPARISON OF EQUATION (3} AND EQUATION (4 FO
TWO [INTENSITIES OF RADIATION.





