- ARM1.950124.031
/

- \7,1114 “‘)JP}“"

£YPERIMENTAL PRODUCTION OF FLASH _URNS
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Brooks, M.D.; and Everett I. Evans, Ph D., M. D.

Richmond, Virginis ‘.j// PPN
From the Dspartment of Biophysics and The Surgicsl Reeesrch Laboratorlies, Depart-
mont of Surgery, Medicel Collsge of Virginie, Richmond, Virginis*

INTRODUCTION
The purposs of the present report is to deseribe the physical tschninues employed

in thig laboratory for the expsrimental production of flash burns. The medical and
blological rersults of flash burne produced by thece metheds will be reported
separataly. One of the fundamental objesctives of our thermal research program has
been an investigatior of thermel and ionlzing radiation injury resulting from ex-
posure to the atomic bombs For this reason it was necessary to develop laboratory
metnods of simulating atomic flash burns so that we could study various aspeets
of the problem under controlled conditions which ure attained rarely in the fisld,
The high intensity carbon are was chosan as the source of therial radiation most
likely to approximate the conditions of eusposure to the atomic fireball. The
advantages of this source are that the spsctral distribution and thermal intensity
over limited areas are similar to those produced by an atomic bomb flash. The
apparatus deseribed telow has proven valuable for such stuiles as the following:

(1) The clinical assesement of thermal injury st various incident

doses of rsdiaticn.
(2) The effect of rate of delivery on the severity of the thermal injury.
{(3) The influenee of a thermal intensity varying rapidly with time as
compared to a constant thermal intensity.

(4) The effects of speectral composition on thermal injury.

(5) The effect of initial skin temperature on the degree of thermal injury.

(6) The combined effects of thermal and ionizing raiiation.

# This work was conducted under Contract Number DA 49-007-MD~99 between tha Office of
the Surgeon General, Department of the Army, Washington, D.C., and the Medicel College

of Virginis, Richmond, Virginla.
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(7) The protective features of clothing and military fabriocs.
(B) The effects of skin pigmentation on the severity of thermal injury.
(9) The comparison of flagh burns with burns produced by contact with

a hot object.

Flash Burn Apparatus

4. The Searchlight
¥s have used s 24 inch, U.S.Army esarchlight for the sxperimental

production of flash burns, This equipment employs a parabolic mirror,

24, inches in dia.’m&ter; the front surface is plated with rhodium which proe
vides a reflectancs coeffisient of about 0.65 over the rangs of wawve lsngths
enmitted by the high intensity carbon are. Under normal conditions the
carbon are has a traverse of 4 inches, permitting the operator to condense
or diffuse tha beam within narrow limita., By permanently mounting the
pirror 2 inches back of 1ts normal position, an apprsciabls fraction {about
25%) of the thermal energy can be fooussd on & small circular aperture,54 inches
{n front of the mirror. Thermal intensities ranging from 2 cal/cm/sec
over a 2 inch diameter area to 8 cal/cmzfnec over & § inch dlameter area
can be obtained in this mapner. The image is quite diffuse which is
advantageous in producing a uniform burn over a moderats ares.

Tor the thermal intensitiss needed in moet experiments involving atomic
flash burns we have replaced the parabolic mirror with a 24 inch £1lipscidal
mirror purchased from Bausch and Lomb*. The mirror 1s of molded glase with
a front surfaece of aluminum which gives a reflectance coafflelent greater
than 0.80 over the ppectrum of the carbon arc. By placing the carbon arc
at ons focus, thermal intensities, ranging from bsnal/emz/mo over a 2 inch

diameter burn area to 23 cal/cmz/sec ovar & ﬁ inch diametesr burn arsa

@ Wo are indebted to Dr. Herman Pearce, University of Rochester, for
suggesting and helping us to obtaln this mirror.
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are produced at the eascond focus. The mirror has wavy imperfectione which,
while coptically undesirable, ars advantagsous for this application; the
diffuse image at the pecond foous produces burns of surprising uniformity
over the area limited by the burn aperture,

B. Ths Carbon Aro

Up to the present we have used the standard 10 millimeter, high
intensity carbons which are stock equipment with the 24 inch Army searchlight.
The positive carbon i1p coreds The arc mechanism is air copled but we have
substituteg water cooling for the positive carbon, anticipating the evantﬁal
use of special high intensity carbone which are availabla. Water cooling
has other advaniages, oven when used with the standard high intensity
earbons. In the first place, the size of the positive carbon housing can
ba reduced appreciadbly, allowing more energy to bs fooused on the burn
aperturs, Also, the current density of the arc can be increased without
damaging the housing or the mirror. Water is brought to the brass housing
through polyethylene tubing to provide elsctrical insulation.

The carbon faed mechanism 18 sutomatic and the feed rate is adjustadble.
Power for the arc is furnished by a portable, gasoline driven, motor-generator
set which 1s standard Army equipment for the 60 inch searchlight. We have
used the larger motor generator set in preference to the power supply normally
furnished with the 24 inch searchlight because water cooling allows us to
inoreape the current density of the arc beyond the capacity of the smaller
powsr plant. In future applications, the large powsr plant wlll furnish
sufficient energy to operate the arc with speci high intensity carbons, eo
that thermal intensities up to 35 cal/cm?/sec may be obtained. At the
present time we ase operating the arec betwsen 100 and 150 amperes of current

with a corresponding current density ranging from 135 to 145 amp/om?.
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The generator has a eapaciiy of 300 amperes at 100 volts, D.C. The actual
potential drop aoroas the arc 1s around 75 wolts, 25 voclts baing the drop
in the feed cables.

C. Spectral Distribution of High Intensity Arc

The current density of the carbon are is the primary factor governing
the spactral distribution of the emitted radiation. At 130 amp/em?, the
spectral distribution approximates that of & black body at 5600°K(1). A
stuly of the radistion transmitted through standard Corning filters while
operating our are at a density of 140 amp/em? shows that approximately 40
percent of the incident radiation is compozed of wave lengths betwsen 300
and 650 millimicrons; the remaining 60 parcent 1s bayond 650 millimiorons.
According to "The Effects of Atomic Weapons"(2), the spectrsl distribution
emanating from the fire ball of & nominal 20 KT bomb during its secondary
phase of radlation corresponds to a black body temperature of sbout 6500°Ke.
For a black body at this temperature, about 50 parcent of the radiation ias
to be found at wave lengths below 650 millimicrons, while the remaining
50 pergent is beyond this wave length. Since our are, uperating at 140
amp/buz, is roughly equivalent to a black body temperature of 5800°K, it
ean Ls ssen that the high density carbon are providas a revasonable eimulae~
tion to tho atemic ball of fire.

D. JFlash Burn Exposures st Constant Thermal Intensity

¥We have deelgnsd and operated two iypes of shutter mechanisms for
controlling thermal exposures, In the first type, the thermal intensity
incident on the burn area remains constant during the exposure and only the

duration can ba variel. ¥We rofsr to this as a sjuars wave sXposure,
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The method 1s 1llustrated diagrammatically in Figure 1 and Figure 2 is a
photograph of tho apparatus. The searchlight beam is intercepted by a

revolving steel disc, 24 inches in diameter. A slot, 24 inches wide end

At Fhe o

subtending an angle of 1 radiaQAis cut)aut of tho wheel near the periphery.
An auxjilisry shutter or samaphore oparated by a leadex rotary solenoid is
situated beyond the slot in the wheel, so that it intercepts the radiation
beam passing through the slot. Synchronization of the revolving wheel and
the semaphore shutter 1s accomplished by means of an elactronic switching
circult containing three Thyratror tubes with a reluy in the plate circult of
each. They are so arranged that when tubes 1 and 2 are in the condueting
state direct current flows through the sclenoid and deflects the semaphore
from the burn eperture. When sll 3 Thyratrons are in the conducting state,
the sclencid current is interrupted and the spring driven semephore snaps
back into its normal position across the burn aperture. The Thyratrons are
so connected thet number 2 cannot filre until 1 has been triggered; likewise,
number 3 cannot five until 2 ie conducting. 4 msgter switch must be closed
by the burn operator before any of the tubes can be fired. Triggering of the
Thyrutrons 1s accomplisted by means of a mleroswitch which clogses momentarily
each time the eccentric car on the shaft reaches a position such that the slot
in the wheel is bayond the burn aperture.

The cycle of operstions during a burn exposure is ss follows: the operator
closes the master switch so that the first Thyralron will be triggered when the
mlcroswitch is closed momenturily by the cam. MNumber 1 Thyratron ie now
conducting. Upon the next revolution, Thyretron number 2 is triggered, Just
after the glot has revolved psat the burn ap?rture, anq;:émaphora shutter is

deflected rapidly from the burn aperture. During the third revolutlon the
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exposure takes place but when the slot is just beyond the burn aperture,
Thyratron number 3 18 triggered and the semaphore shutter snaps back across
the aperture. It will bs noted that although it requires 3 revolutions
of the whesel for one burn exposure, the semaphore shutter has almoﬁt a
ocomplete revolution of the wheel in which to operate. Since the minimum
time required to opsrate the semaphore is limited by ite mass to about 0.1
seconds, this method allowe the exposure time to be controlled by the
angular velocity of the wheel. A hg D& motor drives the wheel and the
spead {8 adjuetable by means of a Variao. Exposure times ranging from 16
millissconds up to several geconds ocan be provided by this shutter system.
The squsere wave exposurs apparstus has bssen especially valuable for
studies inwolving a wide range of exposure times (25 milliseconda to several
seconds) where the duration must be known accurately. The duration is
moapured with a photoeell and light source mounted close to the burn
aperture in such a manner that the revolving dise interrupts the light
beam excdpt when the slot passes by. The photooell 1e- coupled to a gating
eirouit which eontrols the operation of a decade se¢aler. A 1000 cays s
osoillator feeds pulses into the scaler when the slot allows 1ight to fall
on the photooell. For example, Af the expoeure time 18 one second, the
sealar records a total count of 1000, Thus, the msealer indicates direectly

exposure time in milliseconds.
The venetlan blind type of shutter desaribed in the next seotion (E)

allowe the thermal intensity incident on the burn aperture to be varied

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: (p5 A~ 31 74
Box#: 59

Hlet Cuans, Taris Mb-49



continuously from 0 to 21 cal/cmszeoo The square wave exposure apparatus
in conjunction with the venetkn blind shutter affords an extremaly flexible
systen for controlled studies on thermal injury where the exposurs time,
thermal intensity and thermal dose can he varied at will.

Provisions for the insertion of Corning filters of acourately known
charactaristics between the semaphore shutter and the burn aperture have
made it poassible to investigate the speactral distribution of the earbon arc
and to study the influence of spectral quality on thermal injury. The
transmiselon characteristiocs of some of themse filieras are such that they
abeorb a large fraction of the incident emergy. It is, therefore, important
to 1limit the exposure time in order to prevent deterioratlon or actual
destruction of the filter. The semaphore shutter protects the filter at

all times except during actual exposure

E. The Thermal Pulse Shutter

The thermal intensity incident at a given distance from the
detonation of an atomic bomb varies rapidly with time. Thermal injury
results from a short pulse of radiant energy which rapidly reaches a peak
intensity and then falls off with time. 1In order to investigate the effects
of such a pulse of thermal radiation, we have constructed a speclal type of
exposure shutter to simulate the atomic flash.

The pulse shutter operates on the prineiple of a venotlan blind ae
jllustrated diagrammatically in Figure 3 and shown 1n Figure 4. Sheet
aluminum vanes ars supported at each end by ball bearing shafte which pass
through a cast aluminum frame. The pulleys rotate in synchronism by means
of light aircraft control cable. A linkage arm, 3 Inches in langth, is

fastened to the bottom pulley on one side of the frame and has its free end
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reating on an eccentric cam. The cam is rotated by an adjustabls speed,
p.€.motor through a gear box and a clutch mechanism. The clutch is
constructed so that it can be engagsd by pushing a lever; after one
revolution of the cam which opens and closes the aluminum shutters, the
clutch dieengages automatically. The cam shaft is equipped with a vernier
setting so that the aluminum vanes can be set manually at any desired
degree of opening when the clutch is not engaged. This allosus to
vary continuously the thermal intensity incident on the burn aperture.
Ne use this methoed of controlling the thermal intensity when operating
the pguare wawve shutter for burn studies at constant intensity.

Puleed exposures are controlled by ths speed of the motor and
the shape of the cam, Obviously, any desired pulse shape of thermal
intensity ve., time can be obtained by using the desired cam shape, For
flash burn studies intended to simulate the bomb we use a cam which opens
the venetian shutters rather rapidly and closes them relatively slowly to
imitste the ”tailing off’,of the thermal flash. Thermal pulees having a
duration ranging from 200 milliseconde up to many seconds may bs produced
by varying the speed of the DG.motor. For example, a thermal doss of
5.0 cal/em® delivered 18 500 milliseconds has been inflicted on human
volunteers and on experimental animals., This has beei. compared with the
thermel injury resulting from the sams incident dose delivered in the =ame
time at a constant intensity of 10 cal/cm'g/gac by weans of the squars
wave apparatus,

The integral theiwnal doss oan be ealculated by measuring the thermal
intensity ae a function of angular displacement of the cam; knowing angular
displacement as a function of time, it 48 possible to plot a graph of

thermal intensity va. time. The area under this curve represents the
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integral thermsl dose in cal/om2. The duration of the pulse 1s measured
directly by means of a synchronoue elactric clock. &4 microswitoh actuated
by the cam controls the starting and stopping of the c¢lock which can b read
accurately to 10 milliseconds.

Ideally, a shutter of this type should be placed as close ss possiltle
to the mirror. I% is found oxperimentally that mounting ths wenstian blind
immediately in front of the searchlight housing (18 inches from the mirror)
does not cagt horlzontal shadows on the focal point where the burn aperture
ie locatad. Diserete values of maximum thermal intensity (shuttor fully
open) can by obtained by interposing metal meshes having various percentsages
of open space between the pulse shulter and the focal plane defining the
burn ares. The maximum thermal dose which can be delivered in 500 milliseconds
to the burn arsa wlth ths cam In current use to elmilate the bomb flush is
5.5 cal/cm?/sec. During such & burn exposure, the intensity rises to a
peek of 22 cal/mz/sec. By interposing a serles of 14 x 18 aluminum meshes
{ordinary window scwrening), thermal doses of 0.8, 1.2, 2.0, and 342 cal/ca®

can be delivered.
Gopirol end Nsasurement of Thermal Intensity
We have used two methods in this laboratory of moamesuring the
thermal intensity of the searchlight beam. The first method utilizes 1
constant flow, calorimetric technlque dewelopad originally for high intensity
X~ray dosimetry (3). Eszzentially, the differential temperature rise in a
column of water flowing ul « known rate is measured by a thermocoupls

assembly consisting of 8 copper-constantan junctions connected in saries.
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Four of these junctions are immersed in the flowing water before it snters
the thermal radiation fleld while the remaining 4 junetions are immersed in
the water outlst beyond the radiation field. The calorimeter 18 depicted
diagrammatically in Figure 5. Botween ths two sets of junctions, the water
impinges normally on a btrass disc, 0.002 inches thick and 0G.375 inches in
diameter. The outside surface of the disc ia blackened with camphor soot
to simulate a black body. The surface of the diso is normal to the radia-
tion beam. Thermoelactric emfs are recorded continuously on s Leseds and
Northrup recorder. FKnowing the oconstants of the system, flow rate, area
of the disc, temperature ;isa in the water, the recorder can be set to

read intensitles directly in cal/cm?/sec.

In practice the searchlight operator uses the recorder to set the
carbons for the maximum intensity compatible with the experimentsl conditioms
(in nearly all of our work, 22 to 23 cal/om?/sec 1s the intensity used).

It should be emphasized that the searchlight operator seeks to maintain a
constant distance batween the poeitive and negative carbons during all
experimental runs, so that the current density and hence the spectral
composition and thermal intensity will remain as constant as possible at
all times. This 15 important since we do not measure the thermsl intensity
during the actual burn exposure but assume that the &verage of recordings
taken before and after the exposurs are repreossntative of the intensity
within experimental errors. ¥We are confident that this procedure 1s

justified so long as the exposure time is not too short {(1ess than
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300 milliseconds). Ioharent variations in intensity dus to momentary
fluctuations of the carbon arc are unimportant except for short exposurss.
Variations in intensity of more than 5 percent are usually traceable to
such factors as unoven fead rate, eccentric rotation of the positive carbon,
chipping of the positive crater, woltage fluctuations in the power supply
and burning either the positive or the negative carbon too near the end.
Experience has shown that the intmneity can be maintained constant within

3 to 5 percent over a 15 minute period; this performance can be repeated

at the pame intsnsity after the substitution of fresh earbons.

The constant flow calorimetric technique rfor messuring thermal
intensitiss has been checked by another method which involves measuring the
gaaa in temperature of a pure silver diec of known mass and dimensions.

The exposed surface of the disc is coated with camphor soot and hes a
dismeater of 0.375 inchas corresponding to the blackenhed recelver used in
the water calorimeter. The rim and back surface of the dise ars polished to
reflact stray radiation and the disc ie suspended in a manrer to minimlze
conduction. A copper~constantan thermocouple junction is soldered to the
buack surface while the othor junction is immersed in ice water. The
thermoelectric emf is recorded on a [eeds and Northrup strip chart recorder.
The difc is exposed to the radiatiop beam for an accurately known time by
means of the square wave shutter apparatus. The temperature rise traced on
tha recorder 18 a straight line. Care is taken to cool the disc below room
temperature befors an exposure and the flnal temperature is limited by the
exposure time to val;%s a few degrees above room tempaeraturs. In this mannsr,

radiation, conduction, and convection losses are minimlzede
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Intensities measured with the silver disc agree with the water omlorimeter to
within 5 percent. Since both methods measure the intensity over an area whish
is smaller than the burn area, heat sensitive papar (Chamical Corps, U.S. Army,
Paper Liquid Vesioant Destector M6) and photographic proof paper are employed
to evaluate the uniformity of Intensity ower the entire ares. In fant,
inteneitles over the 2 inch diameter area ers limited to those which are
obtainable without evidence of non-uniformity or "hot sepots". This ias done

by defocusing the ssarchlight. For the emall # inch burn aperture, intensities
of 23 oal/cn?/seq oan be produced uniformly without defocusings The heat
sensitive paper method of evaluating the uniformity of the radiation field

is accurate enough for most biologic studles of thermel injury and there has
been no need for elaborate probe methods in this laboratory.

The water calorimeter and the silver disc methods of meesuring thermal
intensity assume that the blackenad receiwer abeorbs all of the radiation
falling upon it and that there is nc heat lose from radiation, conduction
and convection. Camphor soot approximates a black body; whiles the
ragiation from the ellipspidal mirror 1s a converging beam and not parallel
14ght, the maximum angle between the converging light rays and a normal to the
blackened receiver is only 9 degrees. All surfaeces except the recelver are
coated with aluminum paint to reducs radiation losses and the temperature rise
is kept to a minimum consistent with accurate measurement. In the case of the
water omlorimeter, this is accomplished by using a high flowrate of water.

We believe that the errors fntrodnced in these methods of ecalibrating the
thermal intensity are negligible for most biologie applications. Unavoldable
heat losses and other {mparfectiona result in minimum velues gince correotion

for thess factors would increass the thermal inteneity.
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Ihe Burn Platform and Aperture
Figure & iliustrates the burn platform and limiting aperture which hss

been used in produc.lng tarns on experimental animals and human volunteers.
The large plywood shleld protects the experimental subject from glare and
sorves as & mounl for a water cooled brass plate having a 2 inch divmetes
aperture. A separately water cooled brass diec having a 4 inch diameter

hole can be inserted in the 2 inch dlameter eperture for small Murns at high
intensity. The larger burn aperturs {2 inch dlamster) is used primarily for
dogs where it is desired to cover & large percentage of the body ares with
turns. For example, an averege dog requires about 50 burns to cover 20 percent
of 1te body erea. This takes about 8 minutes. The anesthetized dog is
supported from a movable rack (not snown in Figure 6) hy thongs tied to his
feet and is moved acroes the aperture by two or more operstora. Seperate,

2 inch diameter burns ars produced at each exposure uutil one sids ol the
animal has received about 25 burns. The animal ia reversei to the other slde
and the procedure repaatud.

Thernal injury on humsns is inflicted with the § lach diameter aperturs.
Usually, the subject's arm 1s held againet the aperture by she burn surgeon.
From § to 12 small burns cen ba inflicted on the upper arm without undue
discomfort to thc volunteer.

SUKMARY

Experimental methods of produc. ing flash burns with e 24 inch Army
pearchlight equipped with an ellipsoidal mirror ere described. The spectral
distribution of the carbon arc is compered with that from the atomic bomb and
1t 48 concluded thuat the carbon src provides a‘reasonable simulation of atomie

flash burne so far &s spectral guality is concerned. Exposure tcchniques
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exploying constant thermal Intensity and an intensity varying rapidly with
time are described and two methods of mezasuring thermal intansity ere givsne.

Methods of producing flash burng on experimental animals and human volunteers

are desérib:2 briefly.
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