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Surmary

A continuous flow radiation calorimeter is described
in which & radiation flux produces a temperature difference,
detected by a thermistor bridge, between the indet and out-
let of the water eircuit. The rate of flow of water through
the calorimeter is self-stabilizing. The mszdiafion infen-
gity is measured by replacing the radiant heating by an
equivalent rate of electrical heating.
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2. Introduction - -

In studying the ignition of materials; it haz been found necessary to
standardize measuremsnts of radiation imtinsities of the order of at least
10 watts/om?.  Several investigators {1/ \2) have dcsigned absolute instruments
for lower levels of radiation, but no apparatus could be obtained to cover the
required range of intensities, The continuous flow radiation calorimecter
described in this note was therefore developed to make absolute measurements
in the range 0.4 - 12.5 watts/cm2.
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2. Description of apparatus

The apparatus (Fig. 1 and Plate 1) consists of a"constant flow”
calorimeter surrounded by a water-conled guard ring which ensures that the
incident radiation, the intensity of whilch is to be measured, falls only
on the front face of the calorimztei.

Water flows through the calorimeter at a rate of about 1 cc/sec from:
the self-stabilizing water circuit illustrated in Pig. 3. The constant
flow of water is developed from the aspirator bottle illustrated on the left,.
The only substantial resistance to flow in the aspirator is offered by a
glass orifice and this is fed by the constant pressure head of the system.
The rate of flow is therefore a function only of the liquid and of the
dimensions of the orifice through which it is flowing.-.

This constant ocutput of water is fed into the calorimcter system and
the equilibrium flow must remain constant irrespective of changesin the
hydraulic resistance of' the calorimeter pnd its fced system as there is no
continuous accumulation of wmfer in any part of the cirouit.

Radiation incident upon the calorimeter produces a temperature differcnce
between the water inlet and outliet and eguilibrium is established in
epproximately a minute, the temperature difference being regisicred by a
thermistor bridge as illustrated in Fig, 2 ¥, To ensurec that the warm water
from the calorimeter is properly mixed. i.e. is of uniform temperature, a long
length of 38 S.W.G. wire is fed into thc outlet tube of the calorimeter as -
illustrated in Pig. 1. '

An clectrical heating element consisting of a length of about 40 inches.
of 24 8.W.G. nichrome wire is placed behind the receiving surfacc of the
calorimeter. '

3 Mathod of use

With water flowing through the caloiimeter but with no radiation
ineident upon it, the micro-ammeter in the thermistor bridge circuit is set
approximately to zero. Radiation is allewed to fall on the calorimcter and
in order that the instrument shall operate at its maximum sensitivity the
voltage across the bridge is adjustcd such that the deflection on the meter
is nearly full scale. Equilibrium is established in approximately a minute
and the deflection is then noted.

Electrical heating from the supply mains is subatituted for the radiant
. heating and its level adjusted until the previous micro-ammcter reading is

reproduced. Measurement of the input electrical power gives the value of

the incident rediation intensity.

4 correction has to be applied due to the fact that the emissivity
factor of the front surface is not unity, The surface'is coated with
carbon black and previous workers give the emiss%v}ty of such a surf?gs,
within the relevant temperature range, as 0,952 \3) and 0.95 % 0,01 '</,

.

4. Sources of error

4,1) Thermistor characierisiics

The characteristics of any two thermistors taken from any one production *-
batch are found in practice to differ a little and as a result the bridge zero
may be expected to be slightly dependent on the temperature of the inlet water.
This dces ot appreciably affect the accuracy of measurements however as the
temperature .of the inlet water is substantially constant during the course of
an observation,

ot

ype F 1512/300 thermistors were used, manufactured by Standard Telephones
and Cables Iimited.

w
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Apart from possible changes of zero, the sensitivity of the bridge is
glightly dependent on the temperature of the inlet water, but here again the
effect is not important as the tempsrature is substantially constant during
the course of an obgervation, :

4,2) Effect of cooling by radintion, convection and conduction and of
variation in ambhient room temperature.

Apart from the heat given to the water, heat will be lost from the
calorimeter by radiation, bty cmavestlon and by conduction along the calorimeter
supports and leads ete. 1% iz dmportant that these losses shall not vary
gufficiently to introduce errors during the course of a measurement, To
ensure that thé losses are gimilar, irrespective of whether electrical or
radiant heating be used, the electrical heater has been installed so that
it produces heat almost uniformly near to the front surface, thereby
producing a temperature distribution similar to that produced by the mdiant
heating,

To reduce further the importance of variations due to the above and to
g8light variations in ambient xoom temperature during fhe course of a measurc-
ment, the order of mate of flow of water selected (i co/szc) is such that the
IOSses constitute.only about 5 per cent of fhe cooling by the water flow.
Variations therefore hecome only of secord crder imvoiionce,

9. Variabiliiy of readings

In order to assess the variability of the readings given by the
radiation calorimeter, the measured values of intensity I were compared with
the relation I :{‘&ﬁfﬁ? where T is the temperature of a radiator. A

pyrometer which had been previously calibrated against a black body furnace
wag used to measure the temperature of the one foot square radiant panel

fed with a gas/air mixture at a steady rate., The radiantion was measured for
different fuel supplies and therefore for diffcrcent panel temperatures.

The range of the intensitics uzed was extended by removing the radiation
calorimeter to a greater distance from the radiant panel, The ratic of the
configuration factors at the two distances was known experimentally from
comparative measurements made by the radiation calorimeter itself, and it was
thus possible to normalise the black body temperatures to one distance of
separation between radiant panel and calorimeter. This procedurc is
permissible as the only assumption is that the clectrical calibration is
proportional to the intensity. -

The relationship between the radiation intensity at the calorimeter
and the normallsed black body temperature Tp was not irmediately takeon as

,Izq'r(‘rTB) : o but as I = @, *0-(@‘73)1—‘31(0'1-6)

BY this assumption it was pogsible to check that rcsults were not being
misinterpreted due to neglect of such factors as inaccuracy in the calibration
of the pyrometc¢r, or variation, with mean temperatusrc, of the temperature
distribution over the surface of the furnace. -

Using the results for I given by the mdiation calorimeter, the
"best fitting" values of the constants veres Yound by the method of lenat
squares. It was found that %, aprrozimated closcly %o zero and Shat tho

ratlo ﬂﬁbfii lay betwecen zero and -0,05, Comparing a linear graph witn
that of the expression I = Q'{T )r; 0 c’b(f'ﬁ }__z'

1% wag found that the difference between the two.was ncver greater than
- %%z per cents . The second term was therefore ignored and the "best value" of
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'a.., was chosen to fit the cxprcssion I = a_,(O’To")

A -set of eleven consecutive results is given in Table 1 and from then,
taking the definition of R.M.S. percenuage deviation ¢’as

g Lot okt

cbi O(J 7?~J Ry ﬁ ;\ﬁ

..—\g__v——
| lﬁ.
where I_“ is tho intensity as measurcd by the radiation calorimeter

I,: is the intensity deduced from the pyrometer readings.

a valus of 2,8 per cent is obtained, This value has been confirmed by
subsequent results. ‘

TABIE 1
Deviations in a %ypical set of readings ™ - o .
Galculated Imtensity &.¢ | Intensity given % Deviation
{from pyrometer reading) by radiation :
2 caloxr 1meéer. 3:.&

(cal/em/'sec) : (e 11/ /sec) %

0,988 - 70,978 -0,8

0,840 . 0.833 -0.8

0.634 0.646 1.9

1,080 1,120 3.7

0,940 0,916 2,6

0.360 0,357 -0.8

0.403 0.421 4,5

0.314 T 0,511 -1.0

0,276 : . 0,266 3.6

. 0,319 0,308 -3.5

0.253 0,258 2.0

6. Conalusiong

_ An absolute radiation calorimeter has bcen described which allows the
absorbed radiation to be measured with a probable error of 1.8 per cent,
The error in measuring the ineident radiation is dependent on the adsorption
factor of the calorimeter facg: zh's factor has been taken from the results of
-two observers as being 0,95. ?5) 3 '

Possible improvements in future apparatus would be first a reduction in the
thermal capacity of the system to give a faster response; scveral minutes are
required for a reading with the present instrument. Second it would be
desirable to include some system of air vénting on the calorimeter as the nir
dissolved in the water flowing through the ealorimeter gradually comes out of
solution during the course of an experiment and the apparntus at present has to
be cleared about every hour during use by flushing through with water,
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PLATE. |. REAR VIEW OF RADIATION
CALORIMETER
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FIG.2. THERMISTOR BRIDGE CIRCUIT
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