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RADtANT ENERGY DOSIMETER FOR FIELD USE 

INTRODUCTION 

As pointed out in a subsequent paper (Reference 1), thermal ra­
diation measurements in Project Flambeau fires involved a limited 
number of conventiond.l radiometers located outside the fire periph­
ery. When, a few weeks before experimental fire 460-7-66, one ol 
us was asked to assist with the thermal radiation meaBur<�mcnts, it 
was decided that even crude supplementary mt:asurements within tht-
30-acre interior of this fire could be highly u:,eful.

A simple, cheap, easily-fabricated, light-weight. self-contained,
rugged dosimeter was desired. IL had to withstand a hol-fire envi­
ronment, including a specific energy input of 5, 000 cal/ cm 2 , and to
record the fraction o( this energy which was absorbed as thermal 
radiation from the fire. The short time available before the test lim­
ited the effort which could be devoted to lhe design and fal>ricalion ,.,f 
such instruments and pi·ecluded extensive testing or c:c:1libraLing l>c· 
fore the fire. Nevertheless, a few 1netcrs were as::;emblcd frllrn 
materials on hand and placed on towers avail<ll>le within the test site. 

This paper reports details on Lhl" original ml'li:r design, d,·::;,.:ril.H·::; 
the crude results obtained during the firt!, i11dicate::; some ol th�: l1rni­
tations in such an instrument, ,·rnd ::;uggc)sts possibll: improvement:; 
for more refined use in the future. 

DESIGN AND CALIBRATION 

Theory of Operation 

Suppose that two thin-walle:d, vented containers, identical excc�pt 
that one is black (absorptance, CJ. ;:. I) ,rnd the ulht.·r totally rcdlecl-

b 
ing (Q! = 0) , are partially filled with idt:nti.cal ktll)Wn volumes of a 

r 

boiling liquid and placed side by side in a hot-fire:: environment. As 
long as some liquid remains in the containers, the container tem­
peratu1·es are limited by boil-away and remain nearly constant. JIL'al 



t.ransfer by convection to the two containers will be esse11tially equal;
ttu�refore, loss uf contents from the two containers is given by:

and 

where 

Wb - (QR+ Q)/V 

W - Q IV , 

r c 

WO '· weight of liquid lost from black container,

W = weight of liquid lost from reflective container,r 
QR radiant energy dose,

Q = convective energy dose, and c
V = heat of vaporization. 

The radiant do::ie to the black container then is: 
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Description 
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The prototype meter (Figurl: l) consisted of two stand,ad .d,11n11111111-

cnd beer cans. Each can was insulated (Figure l) and filled with;., 
known weight of water. The cans Wl:re mo1.111ted i;idv 1,y sidl· with 1.•.x· 
posed ends pointing toward the radiation soui·cc. The c.xp,l1:H·d :;,1rf,,, l' 
of one can was the original, ban:, l't> flective alun1inum. Th,· ,·xfHJ::.t·d 
surface of the otht:r can wai; enarnclcd with "3M Velvet Coatillg 01,1i1 .ii 
Black." To lin1it gas cin ulation ove1· these receiv<·r s11rf,t<·1.,s and 
thus reduce deposit.ion of solids, screens wl·re extended fror11 till· 
ends of the cans. The sc rec�ns alsc> tended to n,dut:e convi:cl 1vc ,·t­
fects and aberrations frorn random turbulence. 
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Figure 1. Photograph of mounted meter, showing the e><po�ed 
receiver ends (one blackened and the other 
reflective} of the insulated beer cans. 
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Figure 2, Diagram showing the construction of each dosimeter half, 

Calibration 

The materials from which the rneters were fabricated wt�re L'hOtil'll 

largely on the basis of availability, with mini.mum pn�-firc cahbra·· 
tion or check-out. After the fire, more detailed specttal rdlectivily 
curves were obtained in the infrared region for the clean receiver 
surfaces as well as for typical surfaces contaminated dunng the firt� 
(Figure 3). The range of correction factors for incomplete absorp­
tion and reflection of radiant energy is deterniined by the emission 
spectrum of the source. For hot fires wi.th wood fuel and for meters 
whose surfaces remain clean, values of e in the ordur of 0. H to 0. 9 
would seem probable. 

By recording the temperature decay of meters in otlll air, Lhe 
natural convective transfer rate of the cans was determined to bl: 
2 cal/min °C, with one-quarter of the Lransfer occurring through the 
meter face and thn�e-ql1arlers through the insulation. Conv<:·ctive 
transfer was found to be increased 40 percet)l by din�cting an atr 
flow of about 2 rn/ sec angled toward Lh<:· receiver surfa<.'.e. 
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Figure 3. Sprectrol absorptance curves for clean and conl·orninoted 
receiver surfaces. 
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FIELD USE 

Layout 

Meters were positioned at the tops of the 2.0-foot towers and at 
lhc 50-foot and 20-foot elevations of the SO-foot towers available in 
the test area. Because not enough meters were available, a single 
blackened can was mounted at some· locations and a nearby complete 
mete r used to. indicate the 11 background" ene1·gy transfer, A total of 
13 full meters and 10 blackened half-meters was exposed. 

Since the downward hemispherical view from the shorter towers 
included a disproportionate ratio of bare ground to fuel are�, meters 
on these towers were inclined about 20 degrees from vertical toward 
a fuel pile. Still, the integrated view of these meters was estimated 
to have included only about one-half the plot average fuel loading. 

Procedure 

The day before the experimental fire, meter cans were weighed, 
filled with water, reweighed, stoppered, and installed. Aboul ?. 
hours before ignition, the stoppers were removed from the can vent 
holes. At re-ent1·y time-about 7 hours after ignition-cani; Wt're 
stoppered, removed, and weighed. The asbestos covering hc1cl dis­
colored and apparently lust weight during the exposure. Ther(•fur�, 
a final dry weight of each can wai:; outained in the laboratory. 

Results 

The recovered 1neters had a variety uf d,�po:;its on the receiver 
surfaces. Nearly all those outside the fire pc·rimeter and those al 
the 50-foot elevations appeared clean. On the other blackened fac:ei,, 
contarnination appeared ai:; a light-gray speckling, and on tht: bare 
faces it ranged from light-gray through dark-gray, to a single cast· 
of sooty-black. The post-test calibrations with various radiant 
sources, as well as the spectral refkctance curve measured for thu 
receiver with the heaviest deposits (Figure 3), indicated that thi;• dc·­
posited material did not g n.:atly change the abso1·ptance uf the black­
ened receivers. The impact on the spectral 1·eflcclance cui·v1: fur 
the reflective receivers, however, could he q11ite severt•. One ob­
vious cornplication in thei;e cai;es was the ab::iencc of a Lime rcl·,nd 
of the change in absorptance! during Lht• f1 r<�. 

Of the two full meter1, and six h,il.1·rnet1.•rs placed 011 tlw six lower:;; 
outside the fire perimeter, only the tWD bc..111 ·nil'tcrs at the lwo t.•k·· 
vations on Tower 2.-lhe Lower c los<�st to till' fire·- reu•in.·d suff1c it·11l 
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energy to register. All meters within the fire perimeter experienced 
a detectable water loss, but none came close to the 300 cc which had 
been placed in each 380-cc-capacity can. With a tare weight of about 
200 grams and an initial gross weight of about 500 grams, the largest 
water losses were 37 grams and 55 grams, respectively, for bare 
and blackened cans. Changes in tare weight as a result of loss of 
insulation ranged from less than l to almost 20 grams. 

Estimates of the specific radiant dose (Tables 1 through 3) were 
obtained using the following equations: 

10-
3 

Q :: (T T ) [k E. + (F. - E.)] + VW 
v a 1 1 1 

(7) 

where 

and 

DISCUSSION 

Measurements 

Q )/ Aer 

F ::: initial weight, g 
i 

of can plus water, 

E. :: initial weight, g , of empty can,
l 

T = boiling point, 93 °C at 7, 250 ft. elevation, 
v 

T = ambient temperature, 20 °C, 
a 

( 8) 

k = average heat capacity of can materials, 0. 165 cal/g 0
c,

v 

A 

= heat of vapori:lalion, 544 cal/ g, 
2 

- receiver area, jj. 6 cn1 .

As used, the meters could provide readings only if lhtc> total energy 
input was in the range 25, 000-175, 000 c.al/crn 2 . Furthermore, tu 
minimi.ze the correction due to unequal heal-up lirnl.:' of the lwo mctl,r 
halves, energy inputs should be toward the upper end l>f till' mca6ure­
ment range. Unfortunately, in no cas"- were lhcse idt'al condil1c..lnS 
obtained. 

To avoid a major measurement error as a result ol convectivt• 
heat transfer, the meters as used could lH! eHective only when placed 
in an at1nosphere whose ternperature was above boiling water ll'm­
perature during the measurement interval. For c·xamplc, the con­
vective heat-loss rate for a can at 100 °C in q11iescenL air at 25 "c is 
about 6 cal/ cm 2 min. Thus an effective radiant input of this rat(' 
would just keep the meter at 100 °C without evaporating any wat.cr. 
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Height Angle 
Tower above from 

.e-round vertical 

feet degrees 
--

11 50 0 1 50 0 
� 

1 20 0 

4 50 0 

4 20 Q 

* 2 Can face area 31. 6 cm .

Tobie 1. Results from meters mounted on 50-foot towers. 

Assumed Wt. of water Est. total 
Face rad. eff. lost energy dose 

-3percent grams cal. xlO 

black 80 39,9 45.6 
bare 1. 7 25.2 

black 
70 52.4 52.2 

bare 11. 8 30.4 

black 70 34.4 42.7 
bare 13. 0 30.9 

biack 80 9.5 29. 6

bare 2.8 25. 8

black 
80 

2.8 25.7 
bare 2.0 25. 4

Est. specific Fr act. 
radiant dose asbestos 

scorched 
.,, 

cal/cm2
,,.. 

810 0.4 
. 4 

990 . 6 

• 6

530 
. 8 
. 7 

150 . 3 
. 4 

10 
. 2 
. 4 



Height Angle 
Tower above from 

ground vertical 

feet degrees 
--

8 20 20 

2.;, 20 20 

23 20 20 

10 20 20 

3 20 20 

32 20 20 

* 
'} 

Can face area 31. 6 cm-. 

Table 2. Results from meters mounted on 20-foot towers. 

Face 

black 
bare 

biack 
bare 

black 
bare 

black 
bare 

black 
bare 

black 
bare 

Assumed 
rad. .I'" e,1. 

eercent 

- -

70 

60 

70 

70 

70 

Wt. of water Est. total 
lost energy dose 

grams cal. xio-3

1. 3 24.7 

1. 7 25.0 

18.8 34.5 

6.3 26.5 

41. 5 46.3 
33. 1 41. 8

17. 8 33.8 

5.5 27.2 

17.2 33. 5
3. 0 26.0

55.4 54.3 

36.9 44. 1

Est. specific Fr act. 
radiant dose asbestos 

scorched 

cal/ cm2 �' 

0 
0.3 

. 3 

320 .8 

• 7

240 1. 0
1. 0

300 . 6 

. 6 

340 . 5 
.4 

460 . 9 

. 9 



·O 

Height I Angle 
Tower abo·ve from 

ground \·erti,·al 

f eC>� degrN'S 

1:2 �o 20 

1 20 0 

·> ' 20 GO 

-! :>O 90 

2 5() 90 

l 20 no 

* ') 

Can fau' area 31. 5 cm- . 

Tobie 3. Results from blackened half meters. 

Face 

bial·k 

bia, k 

bla1 k 

black 

blad-. 

bla, k 

Assumed 
rad. cff 4 

p0r< ·c·n.1 

70 

80 

\\'t. of water 
lost 

�rams 

28. 7

18. 5

28.9 

3' l. 1 

·L 6

12.0 

Est. total 
energy dose 

- 3cal. xlO

39.8 

34. 2

40.0 

41. l

26.7 

30.8 

· Rcft�r.::nc.,- "ba.n,•" <.:.an :)f .... ·erti .. c:.1" meter cit Seim'-' locati. on, Tables 1 and 2. 

Est. specific Fr act. 
radiant dose asbestos 

scorched 

cal/ cm2 
,:, 

0.4 

. 5 

630 1 

. ;:) 

610
1' 

. 1 

.0 

. 0 
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For higher inputs, the meter would continuously read low by this 
arnount. 

Within the fire perimeter, most of the measurements indicate 
that radiation to the receiver faces represented the minor mode of 
energy transferred to the meters. If the fire behavior is roughly 
consistent with the pattern indicated by the radiometers (Reference 
l) and the radiation/ convection partition is assumed constant with
time, estimates of transfer are consistent with assumed air tem­
peratures in the 100-300 °C range. However, the low maximum
water loss from the meters means that during a significant part of
the fire the cans were in a 11 warm-up 11 condition. Thus, a sizeable
convective heat transfer error exists because during this time the
blackened cans were warmer than the bare cans. The magnitude of
this error depends upon the assumptions made for the time history
of the blackened and unblackened cans, but it may well be as large
as a factor of 2.

Despite all of the uncertainties, some noteworthy observations 
were recorded by the meters within the fire perimeter. The three 
meters located at 50-foot heights gave radiant energy measurements 
of 820, 990, and 140 cal/cm2. at Towers 11, 1, and 4, respectively. 
The meter at Tower 1, with a nearly full hemisph�rical view of fu(d 
piles, might have been expected to indicate twice as much radiant 
transfer as at Tower 11 at the edge of the plot. The high radi�nt 
input relative to total energy input at these two meters are consis­
tent with the lower arnbient temperatures to be expected at th�: higher 
elevation. 

The anomalously low reading at Tower ,1 is supported by a si1ni­
larly low reading at its 20-foot level, Gut the hctlf mder mounted 
horizontally at the 50-foot levd indicates a greater out.ward than 
upward radiation fh1x at this position. The amount and positions of 
the discolorations in the asbestos coverings of the th1·ee cans at this 
location are consi.stent with the water loss observed. 

At the 20-foot elevation within the interior of the fire, the upward 
radiant energies estimated from the meter data ranged frorn 240 
cal/cm 2 at To.wei· 23 to 530 cal/c1n 2 at Tower l. These t:stirnates 
include very uncertain corrections for the solids deposLted on tile 
receiver surfaces. In estimating an over-all average for upward 
radiant dose at the 20-foot level in the fire, the valuf,•s recorded 
could possibly be doubled to compensate for the biaa in fltel area 
viewed by the meters. Supporting this contention are th(' results l 1 



obtained b y placing a second blackened half-meter al Tower 3 in­
clined at 60 degrees frorn Lhe vertical toward the center of the fuel 
pile to obtain a hemispherical view of fuel, better approximating the 
plot average. Assuming that 11 background 11 transfer to this can was 
the same as to the '.'vertical'' bare can, the indicated specific radiant 
dose is 630 cal/ crn2 as compared to 3 50 cal/ cm2 indicated by the 
"vertical 11 meter. 

For the 20-foot meters at the periphery of the fire, the anoma­
lous results provide room for considerable speculation. Where full 
meters were mounted, at Towers 4 and 8, only a minimal water loss 
was observed for both the black and bare cans. Where only blackened 
half-rneters were expoErnd, at Towers 11 and 2.2, the much larger wa­
ter loss implies either a significant. radiant input or a higher than 
average convective input. Tower 22. is in an area of considerable late 
fire whirl activity and the difference in readings at Towers l2 and 4 
may be attributable to I.he cool in-drafts at 4 and fire whirl s at 2l... 
However, there appears lo be no clear <.!Xplanation for the difference 
between the readings at 8 and at 11. 

To assess the validity of the absolt1te values of i·adiant energy es­
tin1.ated by the dosirnetcr s, rnuch tnor<.· information is necdt·d about 
such factors as the tirnc hislury of c·nergy rckase from thl� fin: and 
the temperature history of the convL·clion c0lu111.n. N ... vcrthd1·::;s, 
the results obtained provide sona! w,irthwhil1· cumpari:,oni;. With 
the modifications disc11s1H;d bt:luw, :;u1·h do:;imet,·rs nliJy provide t·vv11 

more useful in£or1nalion in iutu re fi l'l' "· 

Possible Meter Improvements 

Even for the n1.et('r as usc·tl, a. 1nnrl' Judicious guess conccr11inµ 
total energy input could have mi111rnizt·c.l thl' "warrn-up" time: (ti1111· 
to reach the boiling point of wah·J') and thus rniniinizcd th.: 1·r ror d11v 
to differential convective:: tt·an:;ft·r tu lh<· Lwo halves uf tht: l1H?l.t.'I', 
The replacement of water by a low<.�r i>lliling licp1icl, prderably with 
a high heat of vapori:z,ation, wt,uld ab,l hdp ,·u111.dckraoly. Jf ii liquid 
were selected to n1inirni:t.e warm-up t1n1ti, it w,luld lH! dl'i;iralllti to 
maximize radiant heat transfer a!ld 111i11ind1..t' ba,:kground h<·at tr,rns­
fer by such n1eani; as inc !'easing thL" ratio ,,l n·u.,iv,·r c1rea tu con­
tainer volun1e, improving the insulatinn, .ind adopting a bellt•r· :;cn·c!l 
to decrease convective heal lranslcr, /\n in1provc·d s{·rc1·n·: would 

,:, A refinernent of elegance would IH· .. , til'.1"1'<'11 over t.hl! VL"lll hole t,l 
exclLlde "fire bugc,," and McL.i.nophil,, Cc>1Jli1'Uli1- Thi.' capt.11rc rate of 
these bugs, dry weight range 2.0 to .rn mg., WiJS about l !H'I' l·.111. 

ll 



have the added advantage of being more effective in limiting deposi­
tion of solids; and improved insulation, say, by replacing the as­
bestos cloth by stainless steel foil in the O. 05- to 0. 1-mm thickness 
range, would have the added advantage of reducing tare-weight loss 
during the fire. 

Finally, preliminary experiments indicate the feasibility of adding 
a crude indicator of maximum radiation rate by attaching a metal 
strip within the insulation (see Figure 4). To the extent that radiant 
transfer predominated over convective transfer at the exposed metal 
tip, an indication of maxi.mum irradiance could be obtained from ihe 
peak temperature gradient recorded by the melting of temperature­
sensitive shellac painted on the strip. 

Coated with temperature sensot1ve 

Coated with temperature sensot1ve 

Solder connection ... -·-

Cov1ty, 1 cm. w1dt1, -----

1 shellac, 204° c m.p 
I . shellac, 287 ° C.m.p. --
, Block iron str, p 

2 mm width--�-----

Con foce--

Block enamel coating-

Stainless 
-steel foil

I Perforated 
(·-- foil screen

Figure 4. Proposed meter modification including indi cotor for 
maximum irradiance. 
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