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F. R, Note No, 580

DEPARTHMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH AND FIRE OFFICES " COMMITTEER
- JOINT FIRE RESEARCH ORGANIZATION

AN INBTRUMENT FOR BEPARATING QONVEGTION AND
RADIATION COMPONENTS OF HEAT TRANSFER

by

A.J .M. Heselden and M. A. Mallet

SUMMARY .

T

An instrument is described which measures separately the convective and
radiative components of heat transfer within = large flame. Its principle of
operation is that the convective transfer to' smooth surfaces, whether polished
or blackened, exposed to a given flame is the same but heat transfer by '
radiation is proportional {o surface absorptivity. Two gold-plated copper
segments, ons blackened on its receiving surface, are exposed simultaneously
for a few seconds within a flame, and radiation and convection components are
obtained from the rates of temperature rise of the segments and separately
measured surface absorptivities.  Although ocooling corrections are- necessary
they can be simply made since the oooling rate varies linearly with temperature
excess. - 4 , : -

The instrument can be used gatisfactorily in flames of alcohol, town gas
and wood. . : - - . S
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AN INSTRUMENT ¥OR SEPARATING.CONVECTION AND
* RADIATION COMPONENTS OF HEAT TRANSFER -

Ty -
© A.J.M. Hoseldén and M. A, Mallet
1. Introduction

The rate at which a2 fire burns in a compartment is determined by the
feedback of heat to the fuel bed, partly by radiation from the flame zone
and walls, and partly, perhaps, by convection from the flame and any
recirculating combustion products. The total feedback of heat has been
measured in a small compartment by means of a calorimetric total heat-flux .
meterf1 but since there are grounds for believing that the relative
nagnitudes of the convection and radiation components of heat transfer vary .
with size of compartment, these must be known before the results can be
applied to any other size of compartment. It mas not possible to calculate

‘the conveotion transfer because of the largs uncertainties in the physical.

properties of the flame gases, and a& second inatrument to measure convection .
and radiation components separately has therefore been developed and is :
descrihed in this report .

The instrument is primarily intended for use ‘in fairly clean flanes,
such as those of town gas but it has been found possible to use it in flames
from burning wood. This instrument was made the same size as the total
heat-flux meter so that the conveotion transfer would be similar in both
instruments and the results oould be directly compared.

Other workers have measured convection tranefer in large flames by two
methods, -

In the first convection transfer wes obtained as the difference between
two measurements, one with a total heat-flux meter and one with an instrument
aensitive only to rediation, é.g. the ellipsoidal radiometer of the United
Steel Compeniea 3 Baulk and Thring have suggested a means of converting a
total heat—-flux meter into a radiometer by surrounding the receiver with an

"annular jet of eir or nltrogen to prevent hot gases reachlng the receiver(3

In the second method convection transfer was obtained from the total heat ’(h)

- flows to two instruments whose receiving aurfaces were at different temperatures,

the gas temperature being also known, or se gurfaces were at the seme tempera-
ture but were of different absorptivities?#g It waa thought that the last
method, with two surfaces of different ebsorpt1v1t1es, would be most suitable

for the present measurements because the instrument would be relatively simple -
to construct. ‘ /

2. donetruotion and operation
!

. The instrument consists eesentlally of twa receivers, one blackened and one.
polished, which are exposed’simultaneously to’ a’heat flux containing both
convection and radiation transfer components. The convectlon transfer to each’
segment is virtually the same, but the radiation transfer is proportional to the

" absorptivity of the segment. From the rates of temperature rise of the segments,

their absorptivities, and cooling coefficients, the radiation and convection
components can be gseparately determined.

The receiver (Fig 1) consgists of two nearly semi-circular segments of copper,
plated with a layer of gold 0,05 mm thick...' The front surface of one segment is
blackened with matt black paint and carbon soqt from a town gas flawme. The
segments are 6.0 mm thick and lie adjacent to each other along their diametersa
with a narrow air gap between them, forming a oircular receiver 3. 78 om in

‘ diameter,
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Two versions of the instrument were made, differing in the construction of the
water jacket and supporting arm and in the air gaps around the segments. Details
are given in Table 1. The first version (Fig 1) was used to measure heat fluxes
in town gas flames in a small compartment..: The second (Fig 2) had a similer
receiver but the water jacket and water-~cooled: ‘supporting arm were of leak tight
construotion enabling the instrument to be immersed in tanks of burning liquid
fuel, with the liquid level about 1 om below the plane of the receiver, or placsd
w1th1n burning wood cribs. In this version inlet water flowed first round the
part of the jacket containing the. segments and was returned along the annular
supporting arm,ccoling the axm and protectlng the thermocouple and heater leads,
Part of the return flow wasg by-paaeed through & hinge to cool the removable cap.

Table 1

- Air spaces around segments

ta. . SR B .. . . - R
Gap beéwéen‘segﬁenti"J | Gap between ng 22;2:§: :zzr
o' y ST S I'e 2
Instrumept edge anq :zter qeekef>_ _ ‘nsegzznﬁe “water jacket
Mark 1 “ [ R R N 2
Mark 2 . 038 . a5 3

The receiver is surrounded by a water-coqled Jacket separated by a narrow air
gap at the edge and an air gap 2-3 mm at the rear of the segments. The segmenta
are supported on nylon bushes to minimize conduction of heat to the jacket from the
segments,” A L0 s.w.g. chromel-alumel thermocouple was inserted into a hole in the
rear of each segment and held in place with an epoxy-resin cement so that the
junction lay about halfway thrOugh the thickness of the segment. An electric
heater, consisting of 36 s.w.g, Nichrome was attached with an epoxy-resin cement to
the rear of each block. Some 10. om of wire nas in contact with the block.

In use the instrument, mounted on the end of a probe, is rapidly positioned in
a flame and a closely fltting cover ‘over the front face of 'the segments is removed.
The output from each thermocouple i8 amplified and registered 6n a pen recorder,
After some 10-15 s exposure the cover 1s replaced and the instrument withdrawn.

The rise in temperature of the segments is an insufficient indication of heat
absorption on the front face since part of this heat is loat to the watervcooled
jacket, and there is an interchange of heat betweerr the segments. However,
Section 5 shows that these effects can be aocurately allowad for. i

3, Determination of the cooling coafficients

The rate of heat loss from the segments was found by calculation to be
predominantly by conduction to the water Jacket, partly through the air gaps and
partly through the nylon supports, so that the heat loss and heat exchange between
segments are proportional to temperature differences, The rate of temperature riee
of the segments will therefore be glven by the expreaeions-- S

ng 5 | TN Lo .
_d_§1 = A (9.1 IR + IC) h (91)4‘ sv(oz s 91)

Qggg;g(aI-pIc)-h(G-)-E(Q“o) veeeees (2)




thermal oapanity of ‘one Begment (cal deg C 1)

where Q =
@ = temparature risa of aegment a.bove Ats initial atead,y temperature
- (deg C) - N T L .
% w time (§) : “

A = area of the front face of ons negment (cmz)
& = ahnorptiv1ty of the’ f&unt faoe of the gegment .

: IR o intensity of radiation innident on thq front face of the

; segment (oal om’ -?-n - . o
I, = rate of conveotion transfbr ta the front face of the aegment
(cal om=2s-1) ‘
Taegcl)
1

h = heat lass poeffioient for one aagment (cal &
g = 'coafficient of haat axuhange hatween gegments (cal B 'degC )

i | Suffixes 1 and 2 refer tg ths oIished and blaokened segments
respeotively ' i

It is oon,ven{ent to put

.....a.'(i)_f

e : aa D
and to ru‘ite-' & 'for E.E ,.':

' h, &, aml a, ware found hy expoaing the Anatrument to known
intensities 3{ ga.diation measured with.one of the J.F,R.0. Becondary standard
thermocouples 5 The nource ‘of. mdiation wag a gas-fired radiant panel

nm.ning at . fome 800 Gu:

:j.j-;-e.:;f;,.““‘“"“‘“.:_;;;:.;.-_ff jf‘"f:i“"'““‘ ) “smm em’afo‘i?i(ﬂ'wd (2)-- SOTEE AL L
:"'l, . Q(b +62)E(H1 *Hz)-h(a +°) . -~ ll.'..“:. (4) .‘.
b (e, ~é)=(32 H,) h+25)(02 9) veenens (5)
R . | ‘ . .
where ©,, 92, o] N and 0 are 311 va.lues for the same inatant,  Plotting
61 + 32' against 91 + 0 yield.a a lin,e of alope h/Q , .Fhich givea h,

ﬂinoe Q oan be obtained frmn
againnt 0 yieldﬂ a 13

n!asa of the*segment,; a.nd plotting Q 01

1 9 "ot alope (h & 23)/@ which gives g, ain 6 h “',

;s knogn It ia suffioien 1y acourate to obtain an eatimate of 1 + 9, an¢_f
1 by differsncea (Appenﬂix I). R e
h and g have also been pbtained -from -the ooali ourves, with the
radiation out off.- Shtting !I = H o D in oquntionn (4) and. (5) and
integrating givesn:-
g-—g_t- L |
91 "’gzuoaﬁl q .. .- . . -..nnncqo(6)
,  =(h +.2g)t : D
‘- = s . — ot ’ o -
92 91 go H ) Q ) . . . ] T erene (7)




h and g were thus found from the alopes, of .the lines obtained by plotting Q + O

and 92 - 91 against t on log-llneaf°paper. 0 + 02 and 92 - O for

a typical run are plottad in'Fig”3 againsts £ The ‘gtraightness of the lines
obtained is evidently confirmetion of the proportlonallty of the rate of heat

loss to excess temperature, i.e. of the constancy of h and g. h (but not g)
sould also be found with both segments blackened or left polished so- that 9 “and 9
would be equal end the heat exchange between the aegments ZEero.

g At

Table 2 gives means and 95 per cent confidenoe limits for tha mean fbr h and
g found for both versions of. the instrument frnm . number of determinations by both
heating and 0001ing curvea.

R T T EIR O

Teble 3 i 7

Experimental and ¢alculated ‘values 8f cooling.coefficients

. ,-h'.- [ :;._r . TV NPT C - - g Lo
. ca-.l_:a‘?j'l deg’:-.'c-.-.-‘l' Ll IR PR cal’ 3—1_. de'g c“:l
Instrument — e , ,
Experimental | Caloulated | Experimental | Calculated
Mark 1 ° 0.03 % o.o04 " 0.02 0.015 ¥ 0.0027] © 0.015
© Mark 2 | 0.012 ¥ 0,003 |  0.008 ' |-o0.004 fo.001]  0.003

The values caloulated for h and g, taking into account conduction loss to the
water jaoket through the air‘gaps and hylon:supports and radiation and convection loas
are also given in Table 2 and 'in' view of the approximations made in. the calculation
these are in reasonable agréemént with -the: values. found.by experlment .

4

h._ Determination of ahsorptiv1ties

The ebsorptivities were 1n1tially obtalned from equatlons (4) and (5) and
Appendix I gives a sample caloulation, When 0, = 02 = 0, the intercepts of

equations (4) and (5) on the éi+'6£: and (0 -0 ) axis are respectively * HZ)
‘ 'Q)
and EH1 " Hzg, and a, and a, can be found since A, Ip and Q are known. A simpler

method hgd to be employed whén ‘the“inatrumént was actually in’use (Seotion 5,1).
The mean of a number of determinations gave ﬁbdorptlvlty values for Mark 2 of

0.08 and 0.93 for 31 and 'az, with stendard deviations for one measurement of -

0.01 and 0.04 resPectively. 0i93 is near the value normally taken for candle sdot
on black paint (0 95) .for radiation .from sources at about, 800 C... . The corresponding
values for Mark 41 were 0,06 and { 9. (a}ue for the pollshed segment is higher
than published values ‘for gold'(O 02 to 0.03(6 ) but this may be becauue a
small ‘amount of soot remained in depressions in tha surface ‘when it was cleaned.
The absorptivity was readily reduced to a constant value by cleanlng Wlth petrol
after each exposure in a flame,
‘Oo and 90‘ are values”of-Oi +-02-and'Qéf—~9f at a éuitable.time.during the pooling
period when t is taken as 0. N
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5. Operation in practice
5.1 Abbreviation of calculations = ¢

For routine use in flames & more rapid method for computing the results must
be used. Further, although the time scale of the recorders can be accurately.
synehrenised, the time of tha atart of the' exposurs is not always well defined.
The simplest method for determlning TC and I is to read temperature rises at

two times t and t + B where B is a known tlme interval ~ It can be shown
from equations (4) and (5) that:- o

H, +H | 4 ¥-5p/ € —Q- ‘_.* 2)

TR [é'-f%-i?1] (8)
2 - (“*2“)'[(."2‘“1""—(%)8—(2' 0] |

——
n
@
L
=
o+
ol
B S
2]
1
L
~
0
N

0 0 FEV o/ 0’ -
where 1 and 2 are the temperature rises at time + and "1 and 2 are

the temperature rises at time (t + 6). Equations (8) and (9) do not contain
t. Provided a standard velue for § is taken, say 7.5 or 10s, equations (8)
and (9) are rapidly solved for H, and H 29 and then IR and IC can be found

1
from equation 3. ‘

It is often nécessary to measure the absorptivity of the polished ségment
during experiments in which the instrument is exposed in flames and some sooting
up ocours. This muat be determined by exposure to radiation. The start of
the exposure is then well defined, and it is only necessary fto take one
temperature reading, at a subsequent time (t1). ~ Then:-—

s

4

H +H, = AIy (a.1+_52)=h(9'1 +.92)_ =Cc o
SR - -hty el (10)
1 ~e" Q . ' ( -).
H - oy (2o, e ) _o ,
Hy - Hy = 41y (az_;‘,..‘“,1'? 7 h2 - '1t =D . | ,
' + : .9 EOCBOeRE (11.)..,
‘ 1 -8 . '....'
8, _ C~-D
50 that ‘zAIR _ cesener (12)
. 8, - S LS
B.nd — = c b D - ' Cem L L L eas s e (13)
32 C+D R I e Lt e . . L
_ -5 A
7
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If IR
be found from (413) since 8, is unlikely to vary significently from 0.93.

is known, &, can be found from (12), and if I, is unknown a, can

It is not worth trying to . simplify equations (8), (9), (10) and (11) further
because the expeonential series doea not converge very ra idly with these values
of h, g and Q and vealuea of .t, large ensugh tao enngia raadingy Yo be taken
from the recorder chart with sufficient acouracy.

5.2 Elimination of condensation of water

It was found, as had been expected, that immediately the segments were expose
in a flame condensation of water ocourred on the segments, increasing the
absorptivity of the polished segmant. To overcome this the segments were
maintained above the dew point of the gases by means of the slectric heaters
attached to the rear of the segments, The dewpoint of combus? n products from
stoichiometric combustion of town gas is in the region of 61°C 73 and the tempera-
ture of the segments was therefore held well above this, at about 90°C, by an A,C.
current fed from a Varlac through both heaters in aeries.

The thermocdouple outputs at thias temperature (some 3 mV with cold Junotions_

' at room temperature) were reduced to values suitable for the amplifier used by

introducing in opposition an e.m.f. which could be varied. ~“The deflection due
to exposure in the flame was thus arranged to occupy a large proportion of the,
recorder chart. . o

Owing to their elevated temperature the net heat transfer to the segments
was reduced, but this effect was not very large, since the temperature of the
flame into which the meter was placed wag usually high. In any case quite a
rough measure of flame- temperature sufficed to enable 2 correction to be
applied, . .

It was found. that the values of h and g were apparently unaffected by
the increased segment temperature. An increase of some 10 per cent in- h and g
might be expected in view of the incresse in thermal conductivity of air with
temperature, but as can be seen from Table 2 an inorease of this order would be
hard to deteot.

5.3 Effect of sooting of poliﬁhedAsegment

During exposure in a flame soot is gradually deposited on the polished segmen
and the absorptivity and hence the radiation abgorpticn inecreases., It is assumed
that during an exposure the absorptivity chdanges linearly with time, provided the
absorptivity is initially low, Allowance for this change can bs made by putting

so=(a) (1 a¥8) (W)

in equations (4) and (5) whére § is a constant obtained by measuring the
absorptivity before and after exposure in the flame for a kmomn time. Solving,
we have \

o ) ~ 2
_ ; _ -uA a It
3(914305) Corrected = (0, +.9 ),/Meaaqred : ( 1)9 ¥ R o eene. (15)
. 1 2707 2Q
, i .2 .
(Ozf-QQ Corrected = (9 - 8, ) Heaaured+ -(H') X IR venens (16)
2Q

A value for IR suffioiently accurate ta inaert ‘in the correotlon term can be
obtained frou equationa (10) end (11)
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Table 3 lists values of absorptivity of the polished segment. of Mark 1,
measured after exposurgs of 10s in a town gas flame in the compartment
described previously(8 , With corresponding values of ¥ . -

- ‘Table 5

values o_bta'ined for¥ in a town gas flams

Town gas . Increase in absorptivity 3
- flow (ai) in 10s exposure® o
g/s - _ _ S g
21 | 0.025 0.0025
12 | Q.045 ‘ 0.0045
“ L5 . | 0.13 0.013

*Initial gbaorptivity 0.06

The socoting up of the segments of Mark 2 was very slow at the base of
ethyl alcohol (industrial metbylated spirit) flames burning in a 92-cm
diameter tray, the absorptivity changing by only 0.04 after a total exposure,
in 108 unita, of 4 min. In wogd flames the sogting was more rapid but wes
still suffiociently small to enable accurate readings to be made; changes in
absorptivity of up to 0.09 in 10s ocourred, glv1ng values of ¥ of up to 0.009,

6. Performance with convectlon flux

No means was available for calibrating the instrument in a known convection

" flux, but it has been possible to compare the measurement of a combined radiation

and convection flux with the sum of the separate fluxes., The instrument was set
up on a slide which could be positively po%htlon % near.a gas-fired radiant ?asel
running at about 800°C or drawn back and/hcreene M Yelectric firelighter(?

was placed on one side of the panel and the hot air blast trained on the

receiver of the instrument. The first reading made was of the convection
transfer from the air blast after the firelighter had attained thermal
equilibrium, The radiant panel was then lit and allowed to reach a steady
temperature and a second reading made. The electric firelighter was then

turned off and a third reading made with the radiant panel alone.

The agreement ghown in Table .l between the measured total heat flux and
the sum of the separate fluxes is satisfactory. An attempt was made to increase
the radiation and convection fluxes, but it was nat found possible with the
available apparatus without bringing the air blast so close to the panel that
it was deflected, and the-convectlion flux changed by the plume of combustion
products from the front of the pa.nel

L T S I e e e
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Table &

Convection and radistion fluxes separately and combined

Measured heat flux
: EEE T S o0 L eal em™%y~t
Condition ' Component | - '
R ~ Polished Blackened

segment ™ " segment
a3 Tl oast 0.20%

Panel cold, hot.air blast on c .
Panel hot, hot air blast off | "I~ |~ ~ 006 " | =~ -0,72¢
Sum , Ic + Ir. 0.2k 0.52
Panel hot, hot air blast on Icmbinéd' ' 0.23 ‘ 0.89

- oal em~Z2s5~1, The radiant flux meapured with a Moll thermopile

The agreement between these velues was to some extent fortultoua aince the hot air
.bleat was only aligned on to the receiver. by eye. ;

®This corresponds to a radiation flux to a b;ack body absorber of ? 72/0 93 0. 77:
. wag 0,81 cal
cm"‘z's-j . S R . i oL 1 A

7 Accuracy"

The accuracy of the instrument is difficult to assess and ‘may depend on the
relative proportion of radietion and conveotlon components and on the steadiness
of the heat fluxes measured. However the normal exposure time of 108 is sufficjent
long for the effect of the more rapid fluctuationse.g. those in .turbulent eddies{10
to be unimportant, - .

. 7.%. Error in heat flux meaanrement'dpe to errorTin cooling constants

In the short time of exposure the heat losses are relatively small and the
calculated conveotion and radiation heat fluxes are not sensitive to the values of
h and g ehployed Tgble 5 showas that if no rccount at all is taken of heat loss
and heat exchange between segments the error of - the Mark 2 inatrument will_not
excoed 4 par cent with 108 expdsures. :




Bl S

Table 5

Effect of errors in h and g

"Actual heat . Error introduced by assuming h = g = o
tranafer L (true values 0.012 and 0,004
cal on 251 ;o Y mcal_sf1degC_1 respectively)
cal cm 257
I I : . ' .
R ¢ Radiation Convection
0 0.1 -0 ~ 0.002
0 . 0.5 | "o - 0.04
0.1 0 - 0.004 + 0.001
1.0 0o . .~ 0.04 + 0.01
1.0 0.5 © = 0.03 S 0.00
0.1 0.1 - 0.00k4 - 0.002

The errors of the Mark {1 instrument are potentially greater since h and
g are larger, but nevertheless h and g only have to be known to an accuracy
of 30 per cent to give heat transfer measurements accurate to some 4 per cent,

7.2 Error in heat flux measurement due to error in absorptivity
Error in the absorptivities of the receiving surfaces is more important

than error in the cooling coefficients and Table 6.shows what errors would be
made in the measured heat transfer components with the Mark 2 instrument if

‘the actual values of a; and 8, were 0,08 and 0.93 respectively. but other

values had been employed in calculdting the components from the temperature
rises. BErrors of 0.04 in one or other of a{'and‘az can cause errors in
the measured components of up to 5 per cent, and errors of 0.04 in both

a, and a, ¢an cause errors of up to 10 per cent,

[ AT Narm—— o - ey e ey m——




C = Brror in convect:.on component cal em 8

. Table 6
- Effect of errors in a, and a
‘ Error if true values of ay and’ 32 are 0,08 and 0.93 respectively
Actual heat and the following values are assumed
transfer .
=2 - ' _
cal em 8- &, 8, = 0.08 - a8, = 0.12 a8 = 0.12
| " ag 8, = 0.97 a, = 0.97 a, = 089
b I, R G R....| ¢ R c R ¢
0 0wt 0 0 0. o o 0 0 0
0 0.5 o - 0 0 0 0 0 o Co
Out 0 + 0,005 0,005 | -0.005 | 0,000 0.000 0.0, | +0s010 | —ic.005
1:0. 0 + 0405 - 005 ~ 0.05 0.00 " 10400 - 0.y +0.10 ~:0.05
1.0 0.5 +0.05 . 0,05 - 0.05 0,00 0,00 | -o. + 040 ~10.05
0.1 - 0.1 + 0.005 0,005 - 0.005 0.000 ©0.000 - - 0,004 + 0,10 - 0.005
' -2 -1
R = Error in rachat:.on component oal cz 8
w2




7.3 Repeatibility of readings

Repeated readings with the Mark 2 instrument at the base of the flames from
a 92-cm diameter tray of burning alcohol had standard deviations for the readings
of the convection component of about 0,05 cal cm~2s-1 (in an average convection

fiux of about 0.2 ¢a T_QE .afd for the veadings of the radiatien egmpéﬁsﬁ
of about 0.1 cal om™<s™ in an average radiation flux of about 0,7 cal cm™

The accuracy of the. 1nstrument is likely to be better than this, since these
variations include any of the flame itself. Section 6 shows that under some
conditions the instrument can be accurate to at least 5 per cent, which is more
than sufficient in most appliocations in fire research,

8. TRange of use

The useful range of the instrument is limited by the accuracy with which
the readings can be read from the recorder chart and to some extent by the
temperature which the nylon supports will withstand. The output from the
thermocouple on the blackened segment should not be allowed to exceed about
1 mV (corresponding to a temperature rise of 24 deg C, or a maximum temperature
of about 120°C); +this is full scale deflection with,the amplifier and recorder
system employed. The standard exposure time of 10 s corresponds to a 1 in
movement of chart paper at the highest chart speed of the recorders available
and outputs can be read off at particular times with adequate accuracy.

Total heat flows up to 1.2 cal cm—25f1, corresponding to a 24 deg C
temperature rise in 10 s, can therefore be measured with fair accuracy but
although the instrument can in principle be used at higher intensities provided
the limit of 24 deg C rise is not exceeded, the accuracy will be lower for higher
heat flows because the exposure time must be made shorter,

9. . .Conclusions

(1) The instrument can be used to sepérdté convective and radiative components
of heat transfer in wood,alcohol and town gas flames, and ocould probably be used
in flames of other materiala, provided the flames are no more scoty than those
of wood,

(2) It is more complicated to set up and use than the total heat-flux meter and
this together with the number of correctiona necessary in calculating results
makes it unsuitable for routine use., '

(3) The instrument is most accurate when measuring total heat flows less than
1.2 cal cm~2s~1, though higher heat flows could probably be measured provided a
lower accuracy could be accepted.
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Appendix I
Sample cg.jlfrj:gl:_i‘i_‘:io_ns of method for obtaining K and g

The gradienta_maf 91arxd02areobtained from the valuesg read off the

recorded traocés” at fixe t}.me intexrvals. .  The ocaloulations for an experiment
with'- T = 0,105 oal om™“s8" are aa-followsi=- - -

. . ' . .

t o, 0, éz‘éi é1 +6, 0,-8, 0 +o0,

a pv . rV/a » 'r,,V/s r,V/s . l‘,,V : (.;V

0 0 '

20 155 0.8 6.3 7.9 145 165
40 . 283 0.9 5.3 7.4 252 31
60 402 0.8 . 4.7 6.3 1355 449
80 .. 505 . . 1.0 4.0 6.0 w3 567
100 603 , 1.0 3.5 5.5 515 691
120 685 103 3.9 0.9 3.0 4.8 582 788
140 757 1247 >3.5 . 1.0 2.5 - kS5 633 881

160 824 144

' . 830
For example, 92 at t = 20 s ix taken aﬂ.—lﬁ"=7.1 ,LV/B-.

9, - 0, 1is then plotted against 6, - @,, and 0, + 8, against 0, + 02A‘(Flg L),

and the gradients of the straight lines through the points meesured.

From equations (4) and (5) and Fig (4)

h/Q = 0.004
S (B e 2)/Q7 = 0.007h
*After correction for recorder error
1]
S
=13 -



et -
fiaun

B T

1

. e

Sirce Q = 2.72 calf.:.eg 0- h =_0.012 cal 5"'1deg 0-1

The
Fig 4 on

o
:

Qe 2,72

(5) (17)

Y

h and g

the thermocouples is 1+1 miorq volt/ deg Ciw

"0,00k “eal é'1deg ¢t

----- - J . S T ] e
Y R ,‘wl'l . ~

abso pti ties’ ‘cag ghta.ined .ﬁ‘mm tlminteroaptn of the .‘t_-lnea in.
ihe 5 am axls,. ¢'flnae the therme=eloetris pewer of‘

W)L ] “

Q Moo T ’

H< _ H B s .'-"' “-: ~ . ij;;‘":'—. '; . :: L
5_2-_-‘1; = Lé e }.: - f"‘ - "."--. . '.‘_ L] ; o's e e (18) .4‘.'

T Q - 't.J+1 R . L T l-‘:;," ~
¢al degC ", I = "0.105 o0al"¢ém “a ", and therefore from equations
.and (18). LY R L el T

“\
-"‘. '

By
oan be obtained from the slopes of thd' Linekiof:Fig 3. ' ;Thess . ...

&, = 0071 ‘_ ‘

‘1ines were obtained from the period when the segments were coalingyafter the

exposure.

Sinoce

CT MY R v aie e e R e fen e () R AIAS R ¥ TN PEE 8 RN et e Eime b et T,

glving, the values plotted in Fig 4.

¥ o,
Ll

.2.30 '(' 103 Y- o.00471. . *
33x(252 X 20079 ; 0.0047 P o

-5on-

WL, L A R L Y S S SR PRI PR
L,

bh+2% . 2303 E————15'9“" ";-'n"“b_.dci?'zg; oo
Q 25:2 x 200 /., ' .

-1

Q= 2.72 cal deg c“"..J_.( h = 0.0{3 cal's” deg C
g = 0.0035 cal s~} degc™!
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