et a0

Ciua:

K n Ty

PN

oy
1

ek R

Nt S e Pl Ut W ey AL
FoSTeoe S A AL g SCEE

ARMORED MEDICAL RESZARCH LABCRATORY
* Fort Knox, Kentucky

. Project No. 1
" 70 sSPRL . 20 July 194

). - ' TOE-TEUPERATURE RELATIONSHIPS WHICH PRODUCE
- .o HOT AJR BURNS OF HUMAN SKIN

‘e PROJECT: No. 14 - Methods of Protection Against Flash Burns - Sup-
plemental Revort on Time-temperature Relationships which Produce Hot Air
Burns of Human Skin.' )

a. Authority - lst Ind., Headquarters, Armored Coxzand, 700+2/1
(20 Sept. 43) GNOHD to Letter 400.112/6 GNOML (25 Sept. 43).

. b, FPurpose - To ootain fundamsntal data useful in appraising the
danger %o crew membexs from fires in tanks,

2. DISCUSSION:

" A flash burn may be produced by exposure of the skin to very hot
gases ovcn though the duration of contact is extremely short. Temperatures
causing flash burns are estimated to be 3n the neighborhood of 1500°C with

. an exposurs time of 0.0l seconds or less., Such flashes may be encountered in
tanks., PFrom available reports it seems that the initial flash is followed
by a short period before general conflagration starts--if it does start.

Once started, if not put under ccntrol, the tank fire increases the air tamp-
erature to values of 10GQ°F and above in a few seconds. In order to obtain
a clearer understanding of the problam it scemed desirable to know the time-
»  temperature rslationship necessary to produce incipient and moderately severe
burns from hot gases of temperatures under 1500°C. These data were cbtained
experimentaliy by a procedure described Lerein-—snd-ere-reported-in graphic
- form -in-Pig+1. . R
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"3+ CONCLUSIONS:

¢o The time-temperature relationship necessary for hot air, at
temperatures between 100°C (212°F) and 500°C (932°F) to produce first or
- - ...second degree burns on human forearms are as shown in ¥ig. 1. The {ime -~

- . ;- temperature relationship for first degree burns may bs expressed by the formula:
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where T = temperature 9C of hot air, and ¢ = time of exposure seconds. ‘:
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relatively low temperature rasnge tested is quite short in ccaparison with
observed tank svacuation times, continued vigilance mvst pe maintained to
protect tank crews by providing adequate fira-fighting equipment, by insist-

ing on use of proper slothing, protective cresam, and by ensuring adaq\uu,
easily-~opsned exits,

Submitted by:
Major William F. Ashe, XK. C.
Major Lester B. Hoberts, Snl
1st Lt. Wendell E. Mann, KAC
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' WILLARD MACHIE
Colovel, Msdical Corps
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#1 - Appendix A
2 - Anpendix 3
#3 - Fig. )
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R APPENDIX A

1. TEST FROGRALS:

&. Twenty-five (25) soldier volunteers were selectod fer this
study. 7ha men included blonds » brunettss and rod-heads, light-skinned and
dark-skinned men, and men with and without large quantities of hair on their
ferearms. Their agss ranged fraom 18~32 years and averaged 25 years. Each
subject was exposed to the hsat Source at a fixed temperature for five
different lengths of time ranging from tha% wnich would give no burn to that
which would give a second-degree burn (apuroximate burning times at sach of
five teuperatures were pre-determined on rabbits and on the experimentors),
The group was divided into five sub=groups--each one being tested at a.
different tempersture. The final results include 25 burn exposures on five
subjects at each of five different temperatures. The apparatus used is
described in Appendix B. First-dsgroe burns are defined as aress of hyperemia
which persist for at lsast 2, hours and second-degree duras » those lesions
consisting of hyperemic plus gross vesication apparent at 24 hours. The
oxposures were on the dorsal aspect of the forearm; three on the right and two
on the left,

’ 2. RESULTS:

8. The exposure temperatures were 100°C, 200°, 300°, 400°, and 500°C.
At e2ch temperature there was a minirum time of exposure below which no burn
was produced. At the upper end of this time period, there is a short interval
of exposure which will produce no burn but, which will produce an initial
hyperemia apparent within 15 minutes and of duration less than 2 hours. The
time distribution of this phenomenon is shown in Chart 1. It is clearly a
simple logarithmic function of time and temperature and shiows little individual
variation,

" b. The time required to produce first-degree burns at any of these

- -— temperatures is only 8lightly longer than the erythema described above but shows
considerably wider individual variation. Not only was there variation in the
time required to burn at any given temperaturo but the size of bwn varied among
different individuals at a constant time of exposure. Hairiness appeared to
give greater protection than depth of skin color. Light-siinned, non-hairy men
burned more readily than either dark-skinned or pink-skinned red~-heads. These
variations howgver, appear to bs too tmall to be of practica significance,

. ¢+ Seccrd-degree burns showed even wider variations than first-degree
burns but the pattern of suscepiibility did not chaage appreciably., Pinke
-~ skinned men with 1ittle hair (red) appear to vesicate most ®asily. Blond haire
lees men reank socond, blond hairy men third, Dark-skinned hairy men appear to
ba the least susceptible. These variations also are probably of little practical
laportarce, ~

d. Third-degroe buras (charring) wers not studied,

'ﬁkc,q.ill -1-
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e. Tempc..tures abovs 560°C (spprox. 1000°F) were nct studied because
exposure timss of less than 2.06 ssconds are required to burn. This is leas
than the best of human reaction times for all movementis except the eye-lids
(0.05 sec.) and exposures to such temperstures will always burn unprotected
akin before the exposed part can be withdrawn.
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APPENDIX B

Hot asr burns were produced at controlled temperatures and for controlled
short periods ¢f time. The air usod to produce the burns was heated in a
Fisher superheater--a bronze casting 6" x 2-3/4% x 3/4®. Heat was supplicd
and controlled by two gss-air burners, cne above and the other below tae super-
heator. By adjusting the vurners it was possible to maintain any desired

+ temperature within a range of 100°C to 500°C. The fiow of the air passed
through the superhester was maintained at 6 liters per minute. Prelininary
trials showsd that at this rate a maximum temperature was obtained with a given
abount of heat. The outlet tubs of the svperheater was 1 cm. in dismeter and
wes partially projected through a 13" diameter hole in a doublie “rausite wail
mounted on the edge of a table. A sliding shutter mounted between the transite
walls was sttached to an electzic timer. The shutter had an oblong hole in it
that could bo pulled rapidly or slowly across the hole in the doubls wall, thus
allowing the hot air to pass through chd st.oike the arm of the subject held
against the well, The shuiter-timer assemtly would record accurately the time
of exposure to within 0.01 second. The temperature of the air was measured
by an iron-constantan thermocouple and potenticmeter at the point at which the
air would hit the skin on the subject.
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