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THE THERMAL RADIATION FROM SOME CORDITE FlllES

by
I

H. Wraight and J. H. McGuire

Introduction

i .' '1', ..., :•.. ".".. . "',"
In 1948 a number of experiments ...... were 'carr:tild 'out by the lIinistry

of Supply to detennine the ,size of flames from burning cordite, tmvards
the final object of estimating safe distances between stores of this
material.

To supplement this information with data on thermal radiation levels
at various distances from a cordite fire, a second series of trials was
carried out by the Proof and Ex:perimental Establishment at Shosb~yness

in May, 19.58. The principal object of this series was to relate radiation
levels to distance from the source of the fire and to the quantity of
cordite involved. :

The Joint Fire Research Organization Vias asked to take part in the
trials and this report is Concerned with the Joint~':ire Research
Organization's contribution, which included the measurement of the black:
body temperatures of the fires and of the thermal dose at various distances

. I
from the fires.

A film record of the t'rials, made by the Proof and Ex:periJnental
Establishment has been utilised to derive scaling relationships between
the flame radius, time seale and the weight of cordite.

I
Experimental detail

The cordite stacks wer'e cubical and ranged in weight from 1,000 to
40,000 lb.

I
The black-b~ flame temperatures were measured with a total

radiation pyrometer sited to look across the top of the cordite stack
so that the apparent aperture would be filled with radiating flame •

. i ....

Thennal dose was measured with dosage meters' ;, consisting essentially
of a sheet of metal blackened on the front surface. and coated with
temperature sensitive paint on the rear surface. A front shield ensures
that only a central circular area is irradiated and the diameter of the
paint which subsequently melts is a measure of the total thermal energy
which has fallen on the plate. The meters were distributed as indicated

(in Fig. 1, the distances given being those for the 40,000 Lb trial.

The distances chosen were such that the estiinated minimum dose would
lie in the range 1 to 10 cal cm-2, this being the order of dose likely to
cause ignition of materials. For the remaining trials, ranges were
suitably sca.Ied, .

i
All the trials were photographed on 16 rom film at 64. framesper second

from two IJllltually perpendicular directions. The cameras were 'situated
1,665ft and 918ft fran t~ cordite.

The Proof and Ex:perimental Establishment supplied the wind data. The
wind direction was given by' a weather vane set up on the si'te and the wind
speed was recorded electrically from a rotating cup anemometer at the same
position. i

Dosage meter results
j

i
Measured thermal doses together with the

obtained are given in Table, 1.

I

distances at which they were



Table 1

lIeasured...haat dosages

•

,

Weight.of Individual dosage meter results - cal an-2
: Wind

cordite speed
W Downwind Upwind Crosswind In direction f1/sec-1

lb of camera
I,

1,000 5.1 at 50 ft Dosage meter readings too small for 17
conversion to thermal dose

I
I .-

10·2 at 30 ft 29.0 and
1,000 7·2 " 40 ft 3·9 ,at 40 ft 40.3 at 40 tt 4'3 at 40 ft 17

6.0 " 50 ft
I ..

;[

15.2 at 30 ft
4.21at 40 ft

27.0 and
1,000 9·0 " 40 ft 4.4 at 40 ft 4.4 at 40 ft 19

6'8 " 50 ft

14·91 at 30 ft 9.2 and
2,500 17'3 at 40 ft 8.0," 40 ft f14.4 at 40 f't 14'4 at 40 ft 20

5.4 II 50 ft

: 15'7 at 40 f't 8.6 and
5,000 •rt5-7" 50 ft 5.4 at 50 ft 9.4 at 50 ft 9'4 at 50 ft 26

15·.7 " 60 ft
..

12'4 at 70 ft 6·0 and
10,000 8.0 " 80 f't 6031 at 70ft 2·9 at 70 f't 6·0 at 70 ft 32

6.p " 90 ft , .
,
,

;[

20 000·
9.1 at 80 f't I >27.0 and
5·7 " 90 f't 27.0 at 80 ft 7.2 at 80 ft 27·0 at 80 ft 17,
5.2 II 100 ft

,., ,
!

23'0 at1JO ft 20.0 and
40,000 20.0 n 110 ft 25' 0 at 10) ft 1\5.7 at 100 ft 23·0 at 100 ft 10

15.7 II 120 ft ..,...•
I

·It is presumed that the low "doymwind" values are due to the wind chang1Ilg
direction between the time of measurement and the fire.,
~hese high Talues are believed to be due to the envelopment of the meter· ..
in the fire-ball during gusting of the wind. "\

It can be seen that the directioh of the prevailing wind has a very marked
~ effect on the dosage values•

..j

-2- '\



.

FYr0meter results

i
The black-boct' flame temperatures were,. calculated from the pyrometer

readings for each trial. Values of between 1,33000 and 1·,4ll.Q00 were
obtained, and the mean value 'was 1,3900c. There was no observable
correlation between the measured values and the size of fire. It would
thus seem that the flames wer,e thick enough to have an emissivity
approaching unity. :

Film records

Measurements made
to be made of the flame
Table 2.

from the 16 mmfilm r-ecorda enabled estimations
dimen'sians. A summary of these is given in

,. ,

•

--

• ...... 11 -,

Table 2

Maximum flame sizes in each trial estimated from film record

.

Estimated,
Estimated Estimated Estimated height of

Weight of width at width at 20 ft maximum top of flame
cordite ground level above ground width above'ground

lb ft , ft ft ft
- I

I Over Over Over
1,000 90 100 100 60

:
Over

1,000 8lili I 90 100 80,

I
Over,

1,000 90 110 110; 80i ..
i

, Over
2,500 80 100 13lili 80

,
5,000 120 150 170 14Ji)J

I,

10,000 11O. 150 200 180
I.

20,000 18lili , 190 210 250,,

40,000 200 I 220 330 310

I
Examination of the photographs showed that the shape of the main

fire ball was approximately spherical. The radius of this "ball" of
flame was measured. and..~time curves obtained for each trial. The
curVes were normalized to the maximum radius reached in each trial, and
also to the time at which the radius had reduced to half its peak: value.
These normalized curves are shown in Fig. 2.

There was in addition a s'ubsidiary ground flame. A typical
distribution. is shown in Plate ;1.

I
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D J~dt
I

the fire ball· and its emissivity is'constant I is·
I
I .,

of'~he diameter of .the fire ,ball (d).to its¢ is a function of ratio
distance from the receiver (r)

Since the temperature of
constant.

1

I

I
I

Derivation of.an overall relation~hip
I

Beca~e of the simllarity oflthe values of the normalized f'lf\lllll radius
at ccrr-espondang times and the coilstancy of the black-bo~ temperatures
throughout the series of trials, an overall relationship between dosage and
distance valid for any weight of cordite can be derived.

I
In Fig. 3 the maximum radius lof the ball of flame and the time far the

radius to fall to half its maximuni value have been plotted on log-log paper
against the weight of cordit~1,- It can be aeen that to a close approximation
the flame. radius varies asW"" 33,1 and the pulse duration varies as V/9' 21,
Where W, is the weight of cordit~.

I
The dosage received D depend on the black-bo~ :intensity of the

source I, the configuration factm'1 ¢ and the time t thus,
I
I

.

,

thus ¢ = f (~ = f ~wO~33)
1

.The time scale of the radiation pulse from the fire ball varies as v/p·21
and it follows therefore that the dosage data should be oo=elated by the
functions D and r These have been plotted in Fig. 4. The

WO·21wao55 '. i. .
curve calculated from the film dimensions of the fire ball assuming a
temperature of 1,39000 is shown on :the same graph•

. In general the test results u!e below the calculated curve which gives
the total dosage received by a surface always t'acing the t'ire ball and a
probable reason for this is that the experimental dosage meters faced in a
horizOntal direction and hence received lower. doses. At the shorter. riiilges
some of the results are higher thanl the calculated values. This can be
attributed to the contribution of. radiation from a subsidiary 'flame volume
which spread out horizontally and wry close to the ground as shown in
• . 1

Plate 1, I

In the 1,000 Ib trial two of the dosage results were anomalously high.
This was pr:'obably due to the enveloPment of the dosage meter in flame
following a gust of wind. I

I

The practical results plotted :in Fig. 4 show no systelIlll.tic variat10n
with weight of oordite, wlIich tends Ito conf'irm the fire ball radius and time
scale relationships which have been Iderived. The scatter can be attributed
largelJ' to the effect of wind but the data are insufficient to derive a
correlation with wind conditions. I

I
Conclusions I

i
Relations between weight of cordite and both fire ball radius and time

scale have been derived and an estiniate given for the maximwll"'dose which'
might fallon a surface not enve.Loped in flamewith.w:iDds of 20 - 30 ft/s.
Gusting ma;y cause flame' to come into: contact with such a surface and cause
doses about three times higher than thi-s. .

I
Wind conditions have a substantial et'fect on dose at points near to

the t'ire ball but the available datal are insufficient to derive a =elation.
I

'1-4.-
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-- Trial 8 400001b

-0-- Trial_7_ 20000lb-

-e- Trial·6 10000Ib

Trial 5 5000 Ib

Trial 4 2500 Ib

Trial 3·2 1000 Ib
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PERCENTAGE OF TIME WHEN FLAME RADIUS HAS FALLEN TO HALF MAXIMUM

FIG 2. NORMALisED CURVES FOR FLAME RADIUS
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