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Summary

A oontinuous flow radiation calorimeter· is desoribed
in which' a 'radia tion flux produces a temperature difference,
detected by a thermistor bridge, between the L~let ~~d out­
let of the wa ter cirouit. The rate of flow of wa'Ger through,
the calorimeter is self-stabilizing. The r~Jia tion inten­
sity is measured by replacing the radiant hCQting by an
equivalent rate'of eleotrical heating.
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Plate 1 - Rear view of radiation calorimeter.

In studying the ignition of rna terials, :::G '1£.5 been f'ound necessary to
standardize measurements of radia tion ~"t,;il:3i'~i"8 oi' the order of at least

• 10 watts/cm2. Sever-a.L investi~atorE \,lj ;,:;;) have designcd absolute inEtruments
for lower levels of radiation, but no a ppaa-atus could be obtained to cover- the
required range of intensities. The continuous flow radiation calorimeter
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) consist~ of a"constant flowD
calo~imeter surroun~ed ~y a ~~ter-cooled g~ard ring which ensures that the
incident radiation, the intensity of vnlioh is to be measured, falls only
on the front face of the calorimGter.

Water flows through the calorimeter at a rate of about 1 cc/sec from .
the self-stabilizing water circuit illustrated in Fig. 3. The constant
flow of water is developed from the aspirator bottle illustrated an 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 f'Lowing ; ...

This constant output of water is fed into the calorimeter system and
the equilibrium flow must remain cons tan t irrcs pective of changes in the
hydraulic resistance of the calorimeter and'its feed system as there is no
contdnuoua aoot::mula.t:i,on of ;'/3.T;Gr in fllly part of the cirouit~

Radiation in~i~ent upon the calorL~~ter produces a temperature difference
hetween the Imter inl~~ and outlet and equilibri~m is established in
approxj_~ately a r~tnl1te, the temperature diff~rence being registered by a
therm.i.stor bz-iaSe D.S illustrat~d in Fig. 2~. To ensure that the 'Warm water
from the calorimeter is properly mixed: i.e. is of unifonn temperature, a long
length of 38 S ,W.G. wire is fed in1:G the ou'l;1ct tube- of tho calorimeter as '
illustrated in Fig. 1.

An electrical heattng element consisting of a length of about 40 inches.
of 24 S.W.G. nichrome wire is placed ·behind the receiving surface of the
calor:imeter.

3. Method of use

With water flowing through the ca l oz-;..meter but with no radiation
incident upon it, the micro-ammeter in the thermistor bridge circuit is set
approximately to zero. Radiation is a.Il.owed to fall on the calorimeter and
1;n order that the' instrument shall opera te a t its maximum sensitivity the
voltage across the bridge is adjusted such that the deflection on the meter
is nearly full ~cale. Equilibrium is established in approximately a minute
and the deflection is then noted.

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

reproduced. 1fuasUl~ment of the input eloctrical power gives the value of
the incident rad~ation intensity.

A
factor
carbon
within

correction has to be applied due to the faet that the emissivity
of the front surfaoo is not unity~ The surface' is coated rnth
blaek and previous worlcers give the emiss}v~ty of such a surff.qq,
the relevant temperature range, as 0.952 l3) and 0.95 : 0.01 .~).

4.

Thermistor charact0~istics.-;.;.;==- --
The charactcris -des of any two tnerrnistors taken from anyone produotion"

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 tempera turc of the inlet water.
This does ~ot appreciably affect _the accuracy of measurements however as the
temperaturC -.of the inlet water is substantially constant during the course of
ftn Observation•

..~-_.----------------------------
i.! Type F 1512/300 thennistors were used, manufactured by Standard. Telephones

and Cables Limited.
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Apart f'rom po~sible changes of zero, thc sensitivity of the bridge is
sligh~ly depcndent on the temperature of the inlet water, but here again the
effect is not inport~-:lt as the tem[leJC2.ture is substantially constant during
the course of an observaHon,

4.2) Effect of oooling by radiation, 02nvection and oonduction and of
~riation in !llIlc,ient room tempe:ra tUJ;:~ .

Apart from the heat given to the ,vater, heat will be lost from the
calorimeter by radda hon, ty G.:nv",o·~ion and by conduction along the calorimeter
supports and leads e cc, It is jJ::90rtal1'~ that these losses shall not vary
suffioiently to introduce errors during the course of a measurement. To
ensure that the losses are similar, irTcspective of whether electrical or
radiant heating be used, the electrical hen tel' has bccn installcd 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
slight variad.ons in ambient z-oom temperature during t.he cours of a measure­
ment, the orler 0:': :;:<).te of flow of water sclected (j. cc:/~",c) Lc such that the
losses constitute. only about 5 per cent of tlw ooo)5ng hy the water flow.
Variations .thcrefc.'!:'€ become only of second crde:,,;, im';)C':,;·::;o.noe.

In order to assess the variability of the readings given by the
radiation oalorimeter, the measured values of intensity I were comparcd with
the relationI =f((/"T~' where T is the bempera tur-c of a radiator. A
pyrometer which had been previously calibrated against a black body furnace
was used to measure the temperature of the one foot square radiant panel
fed with a gas/air mixture at a steady rate. Tl1e radiation was measured for
different fuel supplies and therefore for chfferent panel temperatures.

The range of the ir.ten~ities u2ed ~ns extended by removing the radiation
oalorimeter to a greater distanoc fr~m the radiant panel. The ratio of the
configuration factors at the ~yo distances .ms· kno,vn experimentally from
comparative measurements wnde by. the radiation calorimeter itself, and it was
thus possible to normalise the black body temperaturcs to one distance of
se para tion be tween radiant panel and calorimeter. This procedure is
permissible as the only assuroption is that the clectrical calibration is
proportio~~l to the ll1tensity.

The relationship between the radiation intensity ~t the calorimeter
and the nornlalised black body temperature TB was not ll~Jediately taken as

. ll..
I = 0.., (cf'Te,I.,.) but as I = 4 0 .,..o.,(q-Tf\~) +C(~(O"'Ta4-)

B7 this assunlption it was possible to check that rcsults ~ere not being
misinterpreted due to neglect of such faders as j.naccnracy in the calibration
of the pyrometer, or variation, 'vith mean temperatu~c, of the temperature
dis tribu tion over the surface. of . the' furnace.

Using the 1"(.'S1.)1ts for I gd.ven by t.hd :cnlid..J. ::ir:!l CEtlO~.'~JjlU tc r , thfJ'
"best fitting" values of thee cons t.an ts V""rf, fOtmcc by ·"';-:e method of 10n3t
squares. It was f'ound t~ai; !¥.c ap~J:'ox:i.mdi;e(~ ~=!.o.~cly '~n ZGTO and that tho

ratio~. lay between zero and -0.05. Conpar-Ing a linear graph wi fh

tha t of the expression I = Q...t-T&;,.) [ I - O."()S(O-76.....jJ

:L t Yla,g found that the diffcrence be tween the two. was ncver greater than
::- ':.~,- :,lG!~ conn, The second tern was therefore iE,11ored and the "best value" of
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0... was chosen to fit the expression I =Q..(crT"I.)
A'set of cleven consecutive re~ults is given, in Table 1 and from theM,

taking the definition of R.M.S. per'cenbage deviation e:'as

where

r-....----.....-...-.............~-....
11"' =-~/t(:L~,·-h.)~

/"r..- •.; I', ~f\.. I
.I." is tho intensi ty as measured by the rediation calorimc tor

II) is the intensity deduced from the pyrometer readings.

a. val.uo of 2~8 per cent is obto tned,
subaaquent results.

This 'value has been confirmed by

TABIE 1

r--------- -- i
I C8.~.cula'!;ed Intensity l.p Intcmsity given %Deviation

(from pyr'omc;L:er reading) by radiation '

(cal/em2/sec)
calor·imEJ~cr. 1~

%((;>3.1/em Ysec)

-_...~I."-"-_.
0

0900
. '.

a~9'18 -0.8
0,840 0.833 -0.8
0.634 0.64.0 1.9
1.080 1~1~)0 3.7
0.940 0,9.t6 -2.6
0~360 0,,33'7 -0.8
0.403 tJA21 4.5
0.314 0.311 -1.0
0.276 0.~1l6 -3.6
0.319 0,.308 -3.5
0.253 0,258 2.0

6. Connlusions

An absolute radiation calorimeter haa been described rmioh allows the
abacrbed radiation to be measured with a probable error of 1.S' per cent.
The orror in measuring the inoident radiation is dependent on the adsorption
factor of the calorimete~ fac~: th~s fa~tor has been taken from the results of
-two observers as being 0.95. ~3) (4)

Possible improvements in future apparntus would be first a reduction in the
thermal capacity of the systen to give'a faster response; several minutes ure
required for a reading with the present instrument. Second it would be
desirable to include same system of air v~nting on the calorimeter as the ~ir

dissolved in the \vater flowing through the calorimeter gradually comes out of
solution duri.'1g the course of an experiment and the apparatus at present has to
be cleared about every hour during use by flushing through with water.
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PLATE. I. REAR VIEW OF RADIATION
CALORIMETER
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