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T O U Y R S Y

Encl: (1) List of Materiasls for Critical Thermal Energy Evaluations
(2) Abscrptances of Meterials for Thermal Radiation

INTRODUCTION /

Reported herein is the progress of the Naval Material Laboratory L

in its Thermal Radiation Studies sponsqred by the Armed Forces i
Special Weapons Project. Thie report covers the Naval Material =
Laboratory's participation in the field tests, inasmuch as 1t concerns {

the progrese of the Laboratory studiee.
GENERAL PROGRESS

During the current Quarter, the Neval Material Laboratory's
studies on the Effects of ABD Thermal Radiation on Materials were _ b
directed along three principal lines: first, the completion of the
TUMBLER-SNAPPER operation reports; eecond, ths .development of a
suitable ekin simulant for use in the studige of the heat transfer
through clothing; and, third, preparationa for participation in
Operation UPSHOT-KNOTHOLE.

All experimentel work in connection with participdtion in past
field tesvs has been completed. In sddition, first drafts of the
TUMELER-SNAFPER reporte have been eubmitted to the Armed Forces
Special Weapons Project, and the final project report for Operation
BUSTER Las been published by them. The publication of the Naval
Maierial Laboratory's report covering participation in Operation
GREENHOUSE has boen delayed. The depth-of-char studies on the
woods exposed at BUSTER have been ccmpleted and a report is being
prepared. The planning of the NML studies at Operation
UPSHOT-KNOTHOLE has progressed satisfactorily and the necessary
pre-shot experimentation is underway. y

3 CONFIDFNTIAL



CONFIDENTIAL

Lab. Projecte 5046-2, 5046-3
Progresa Report 7

The development »f wide-area laboratory sources of thermal radi-
ation has continued. The graphite-resistor furnace is ready for
studies requiring exposures to such a unit. Tihe aluminum-sun \
furnace developed a leak in its cover when fired for the first time.’
An improved cover has been designed and is being fabricated. The
Services Testing program is continuing with the publication of
reports as data become available. In the Protective Measures
program, emphasis has now.shifted from the evaluaticn of commercial
fire-retarding processes to the study of the significant factors in
such treatments which may be applied to protection sgainst flash
fires. In the Source and Material Parameters program, the develop-
ment of a skin sipmlant hes tosn stressed. The behavior of
polyethylene behind e cloth barrier under irradiation if being
studied, with emphasis to date on the fabrication of thermocouples
and proper placement of the couple in order to determine the
temperature rise of the plastic's surface. In general, the response
of the polyethylene is similar to that of the beefsteak used in the
Orlon investigation and that determined by theoreti:al considerations.

The detailed reports of progress coverilr: tae problems under
investigation by the Naval Material Laboratory follow. Progress
during the current quarter is emphasized. For additional
information refer to the quarterly progreas reports of September
1951, December 1951, March 1952, and June 1952.

4 CONFIDENTTAL
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REPORTS OF TECHNICAL PROGRESS - PARTICIPATION IN FIELD TESTS

1. CORRELATION OF LABORATORY AND FIELD DAMAGE (Operation GREENHCUSE).

The Naval Material Laboratory report covering its participation in
Operation GRE~NHOUSE has been completed, except for processing. The
delay in publication of this report has been due to the necessity for
meeting the report requirements for the other field tosts.. A summary
of the aignificant findings of the NML GREENHOUSE studies was included
in the June Quarterly Progress Report.

2. EFFECTS OF THERMAL RADIATION ON MATERIALS (Operation BUSTER).

Ineemuch as the final project report has been published by tbe
Armed Forces Special Weapons Project, this investigation is considered
closed.

3. ATMOSPHSRIC TRANSMISSION AND WEATHER MEASUREMENTS (Operation
TUMBLER- SNAPPER) .

During the current quarter the first draft of the NML Project 8.4
report was prepared and forwarded to the Armed Forces Special
Weapons Project. The findings of thia experiment are summarized in
the June Progress Report.

4 MEASUREMENTS OF THERMAL RADIATION, USING PASSIVE INDICATORS
(Operation TUMBLER-SNAPPER)

During the current quarter the first draft of the NML Project 8.3a
report was ,y-spared and has been forwarded to the Armed Forces Special
The significant findings are cummarizea in the June

The diffuse reflection of the sand accounts for the
This

Vieapone Project.

Progress Report.
amomaly in response of the vertical and horizontal roundels.

characteristic of the Nevada sand is discussed upder Problem 15.

5 CONFIDENTIAL
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5. EFFECTS OF Thesddns RADIATION ON MATERIALS (Operation
UPSIDT-KNOTHOLE) .

The scope of the NML studies at Operation UPSHOT-KNOTHOLE has
been determined from a review of the knowlodge gained during
previous field tests and in current laboratery studies. The
formal propocul for studying the effects of thermal radiatica on
materiuls includes the following subjects:

a. Source spectrum,

b. Damage-time characteristic of materials,
c. Transfer of heat through clothing,

d. Protective value of materials,

e. Diastribution of energy in foxholes.

It is considered desirable tc instrument five stations,
correspouding to 3,6,12,18, and 24 cal/cm?, which cover the range
of thermal radiation energies of principal interest in ABD studies.

The principal effort on this problem during the current quarter 1in-
volved the development of a suitable skin simulant, the development and
evaluation of heat-sensitive media for use in the Jource Spestrum and
Cloth BExperiments, and analysiz of filter requirements for the spectral
studies. In this way, it was possible to translate general planning
data into a definite program which would lead to the procurement of
materials and equipmont and fabrication of instrumentation required
for the actual field experiments.

In the search for a nuitable skin simulant, it bhas been found that

plastics bave thermal prcperties approximating those of human skia.
nlysthylene was selectad as the best available simulant, sirce its
diffusivity ig similar to that of human ekin and in addition, its

6 CONFIDENTIAL
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tvmperature-time characteristic upon irradiatica by the carton-arc

source of thermal rsdiation is similar to that of beefsteak and checks
closely with the anslytica” expiession developed mathematically from
the constants for skin. Furthermore, its properties are constant over

prolonged time periods. Its principai disadvantage lies in the fact
that its surface dces not lend itself readily to the application of
paints and other heat-sensitive media.

Several heat-sensitive media are heing investigated. These are
primarily of the paint and wax types, which indicate not the radiant
energy received, but the maximum temperatures attained. Additional
research will have to be done on correlating this maximum temperature
with the temperature-time characteristic of thc backing and, in turnm,
with the burn severity on animals.

A review of the previous field Source Spectrum studies has been
made. It was considered desirable to chtain filters with cutolfs
which were sharper than those of the Corning filters which have been
employed. Jena filters RG1OA and GG-13 have optimum characteristics
but are not readily available. It has been denided, thrrefore, that
the Corning fil ters 2530 and 3080 will be employed.

REPORTS OF TECHNICAL PROGRESS -~ LABORATORY STUDIES
6. DEVELOPMENT OF GRAPHITE FURNACE

a. Objective: To provide a high-irrsdiance, large-area vhermal
radiaticn source for edge-effect and source-geometry studies.

b. General Summary of Proiect Prosrass: A 130-kw grapkite-lined,
graphite-resistor furnace was built for the Msterial

Laboratory by the Kuhlmen Electric Company of Bay City,
Michigan. The chamber has a l-ft-squsre apsrture and is

7 in. deep. The irradiance at the center of the aperture for
sach furnaces temperature has beeu found to equal roughly

7 CONFIDENTIAL




p——— ekl ‘

CONFID NTIAL

Lab. Projects 5045-2, 5046-3
Progress Rcport 7

bé

biack-body emittance at the same temperature; for the
rractical maximum of 2400°C, the irradiance at the

center of the aperture is 70 cal/cm? sec. The irradiance
at 2 in. transversely from the center drops to about

96 per cent of this value, and at 4 in. tn ahout

65 per cent.

A simple inert-gas system was installed to reduce com-
bustion of the graphite parts.

A 10-in. circular-aperture shuttar was built for use with
thie source. The shutter was designed to be fast-acting,
despite its large aperiurs diameter and radistion resistance,
because of the importance of this characteristic in edge-
effect studies. Exposure times of 0.1 ¢o 10 sec are
possible. The original shut.ter did not operate at the
higher irradiances availabl: because of warping due to the
high temperature gradients which are maintsined by the
incident radiation. It has been modified to overcome this
shortcoming.

Work During Current Quarter: The shutter has been operated
at several furnace temperatures, and irradisnce distributions
in the plane of the shutter aperture were taken. It was
found that in =ome csges the irradiance was considerably less
then was expected from the furnace temperature reading; this
can be explained by the fact that the furnac: is not always
in equilibrium, so that the history of the power input
affects the temperature distribution of the interior.

The furnace was used in evaluating modifications to the
NML cosine indicators

8 CONFIDENTIAL
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d. Contemplated Fork During Next Three Months: The time
characteristics of the shutter will be measured, as will the

1 variation of irradiance with time during an exposure. Tha
furnace will be used in cases where a aigh-irradiance large-
area source is required.

7. DEVELOPMENT OF ALUMINUM-SUN F'RNACE

a. Opjectjve: To provide s low-ccst, large-area thermal
radiation source for use in medicel and other studies.

b. General Summary of Projact Progress; The furnace was developed
from its original form as a ceramic sphere in which aluminum
wag burned, by the Research Institute of Temple University

under the technical direction of NML. The present model

consists of =« water-cooled, 1l4-in.-square steel box, 7 in.
high. Within this box is welded a vertical, stesl cylindrical

container, 10 ir. in diametor, lined with 1/4 in. of alumina.

The 1id of the box contains a 6-in. circular aindow. The
window is closed between exposures by a water-cooled metal

slab, which is replaced rapidly by a quartz plate for ex-

‘ posures. In order to maintain the irradjance constant with
time, a technique has been developed wherein about 2000 g of
aluminum is fed repidly into the furnace. As the deep pool
of molten aluminum burns, the aluminum oxide produced éccupies
approximately the same volume as the aluminum consumed, and
the leve)l of the emitting surface remains constant for at
least 15 minutes. The irradiance can be kept constant for a
further period by suitably altering the oxygen feed rate.

ii

k

i

[ 3

Irradiances of over 20 cal/cm2 sec have been measured.

o 9 CONFIDENTIAL



~Dupewn an

=

CONFIDENTTAL

Lab. Projects 5046-2, 5046-3
Progress report 7

d.

Rough spectral irradiance measurements wore wide with
portable equipment at the Research Institute, and wsre
reported in the September 1951 Quarterly Progress Report.
The temperature of the emitting surface is about 2000°C.

At the termination of the Rerearch Institute's contract

at the end of May 1952, a furnace unit was delivered to NML.

Work During Current Quarter: The furnace ha; been installed
at NML, where a short run waa made; the run was terminated
by water leeking into the chamber. A new, improved cover
for the furnace is being fabricated at the Laboratory. A
6-in. -aperture shutter has been constructed and installed.
Copies of the Research Institute’'s final report on this
furnace have been distributed to the AFSWP Thermal
Radiation Distribution List.

Contemplated Work Durinz Next Three Months: The irradiance
as 8 function of time, position, and wave length will be
measured. The time characteristice of thy shutter will) be
measured.

8.  MEASURPMENT OF CRITICAL ENERGY VALUES OF ARMED FORCES SERVICE MATERIALS

8.

Qbiactiya: The purpose of this investigation is to evaluate the
thermal radiation characteristics of the materials which are of
special interest to the Armed Forces. The critical energy
values of the various materials are being determined
experimentally and reported as the data become available. 1In
addition, changes of critical e¢nergy values under the influence
of individual paremeters of the materials are evaluated and the
effect cn material sssomblies ia being determined.

10 CONFIDENTIAL
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b.

Summary of Project Progress: Enclosure (1) shows the number
of materials proposed by the Armed Forces for evaluaticn of
thermal radiation cheracteristica, the number of materials
received, and the number of materials exposed to the csrbon-
arc source of thermal radiation. The evaluation of t“sge
materizclc is being carried out continuously and the reports
on this phase of the stndy of thermal radiation effects are
being Jistributed as significant data become availablec.

¥ork During Current Quarter: Seven additional paint systems
and eix doped fabrics submitted by the Bureau of Aeronautics

were evaluated. It was found that the dcped fabrics suffer
initial discoloration at radiant exposures ranging from

0.43 to 1.4 cal/cm? and they have developed flames at
exposures ranging'from 0.81 %0 6.3 cal/cm?. Destruction

of the fabrics was observed at exposures ranging from

6.5 to 40 cal/cm? . It was noted that the thermal rediation
resistance of the white paints investigated was greater than
the resistance of the colored pasints, particularly at ths
incipient stages of destruction. Initial effects on the
paints, such as dulling, occurred at radiant uxposures
ranging from 0.88 to 2.4 cal/cm? on the colored paicts, and at
radiant exposures ranging from 38 to 43 cal/cm? on the white
paints. Ignition of colored paints was noted at radiant
exposures between 2.1 and i4 cal/cm?, and of white paints at
radiant exposures between 55 and 76 cal/cm*. Complete
ecerponization occurred on the colored paints at radiant ex-
posures between 120 unc 150 cel/cmz, and on *the white paint
apacimens at 170 to 180 cal/cm?. Scftening of the base metal
occurred at 180 to 270 cal/cm? oo the colored paints and at
270 to 280 cal/cm? on tne white paints.

11 CONFIDENTIAL
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The plastic materials proposed for test by the Bureau of

Ships were evaluated. It was found that the 1/8-in.—thick
specimens suffered initial destructive effects at radiant
exposures ranging from 0.45 to 67 cal/cm?, depending on the
material used. Formation of non-propasgating flames was observed
on some specimens at radiant exposures ranging from 13 to

63 cal/cm?, but polyethylene continued to burn after an ex-
posure of 160 cal/om®. Extreme damage occurred at exposures
ranging from 13 to 170 cal/cm?, depending upon the specific
plastic material exposed.

Several materials submitted by the Forest Products Laboratory,
U. 8. Forest Service, were evaluated in connection with the
Laboratory’s study of the initiation of fires resulting from
nuclear detonations. The maturiels included fabrics used

for typical household furnishings. Upon exposure to the
carbon-arc source, it was found that the fabrics suffered
initial thermal damage at radiant exposures ranging from

1.7 to 14 cal/cm?; the fabrics developed flames and were
destroyed at radiant exposures ranging from 18 to 37 cal/om?.
The rug and carpet materials developed non-propegating flames
at 8.8 and at 27 cal’om?, respectively, but were not com-
pletely destroyed, even at the maximum radiant exposure,

107 cal/om3. '

Wood and fiberboard packaging materials under the cognizance

of the Bureau of Supplies and Accounts were evaluated.

Initial effects occurred on wood at radian{ exposures rang-

ing from 3.6 to 8.8 cal/~m?, on fiberboards at exposures

ranging from 5.1 to €.2 cal/cm?; temporary flaming was noted

on wocd at exposures ranging from 6.5 to 13 cel/cm? and on fiber-
board at exposures rangirg from 6.8 to 19 cal/cm?. Propuzating

flames were not observed on the meterials for exposures up to
107 cal/cm?. It was noted that the laminated boards offer higher

resistance to thermal radiation than the corrugated boards.

12 CONFIDENTIAL
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d. Contemplated Work During Next Three Months: The evaluation of
service materials will continue and the results will be reported
! as significant findings become available.

9.  DEVELOPVENT OF PROTECTIVE MEASURES

~. DQbisctive: The objective of this program is to evaluate the
resistance to thermal radiation of various types of building and
textile materials that have beep gcoated or impregnated with the
most effective commercial fire-retardants. An attempt will be
made to correlate the resulte of field and laboratory exposures
so that further evaluations qf protective measures caa be
accomplished by a means of a laboratory source. The results
of these studies will indicate the direction of further
developmental work on the commercial products to obtain the
maximum thermal protection of materials.

b. General Summary of Project Progress: A survey of the investi-

gations of civilian and government agencies in the field of
flame-retarding has been completed end the report distributed.
This survey included a ¢’ issification of the mechanisms by

which fire-retardants function, application techuiques, and
evaluation methods for determining the effectiveness of
protective coatings. Painted wood specimens were exposed

at che BUSTER tests and calibrated with the Material

Laboratory carbon-arc thermal source. The paints employed

were Albi Temp Kote 99, Vita Var Exterior 20, Glyptol 2327

and TT-E-489. In addition, three types of cotton twill fabrics,
commercially treated, were exposed in the BUSTER tests. Rezgard A,
Pyroset and Erifon were the impregnants. These impregnated
specimens were cut and mounted with M6 liquid-vesicant heat-
sensitive pape. backing, leaving a 1/16-inch air gap between the
cloth and paper. The laboratory evaluations of the treated cloths

, and coated woods have been completed and the data reported.
3
4
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c.

Work During Current Qusarter: Depth-of-char studies on the
coatel woods exposed at BUSTLR have been completed and will
be seported shortly. The significant findinge sre
summarized herein under problem 18. A re-survey of the
field of fire-retardants and procurement oi about forty
products from twenty different manufacturers have been
completed. Approxizately half of these products are
shemical impregnanta for cloth, consisting chiefly of the
temporary or watei'-soluble-inorgsnic-calt type. The
remaining products consist in large part cf coetings for
various kinds of building materials togethsr with a few
manufacturers' specially prapared specimens. Tlhe
Laborstory now has on hapd for evaluation and study, samples
of products representing almost all of the types of flame
retarding onmpounds now being manufactured in this country.
Special mothods and techniques have beer developad for the
systematic evaluation and clussification of all of thesc
compounds as to their relative effectiveness for imparting -
or enhancing thermal radiation resistance of certain types
of base materials. '

Contemplated Work for Next Quarter: Using No. 29 Whatman
Black Filter Paper Strips as base material, critical
eaergy values for each of the samples of flame retarding
impregnating compounds will be determined® for five
different add-one ranging from 5 to 25 per cent. The
comrounds will be classified into chemical types and
rated in accordancc with their relative standing es
effective agerte for increasing the resistance of
cesllulose-like materials to high intensity thermal
radiation.

14 CONFIDENTIAL
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Thermal radiation exposures and depth- of-char measurements

will be inftiated on wood specimens coated with two, three
and four layers of each of the commercial samples of sur-
face coatings. The compounds will theu be classifizd ae

to their principal chemical constituents and rated in
accordance withtheir relative stanaing as effective agents
for protecting wood-like surfaces against hign-intensity
thermal radiation damage.

Chemicals and necessary facilities will be obtained for
the laboratory-scale prapsration of fire-retarding compounds.

10. EFFECTS OF SOURCE SPECTRUM ON THERMAL DAMAGE TO MATERIALS

This problem has been inactive for some time due tu the higher
priority of other problems. It is expected that the study will be
resumed in the near future. During tue next quarter a summary of the
findings to date will be prepared.

11. RECIPROCITY STUDIES

a. Objectivg: The purpuse of the reciprocity stucies is to de-
termina the effect of the rate of application of energy
(irradiance) on the degree of damage to materials. In
»ddition to the investigation of the range of irradiance
whare reciprocity holds, it is also of ccnsiderable im-
portance to determine the irradiance-damage relationship
for the range of irradiance whevein reciprocity does not hold.
The study of reciprocity is essential in order to exirapolate
critical vnergy data obtained at one rate of applicaticn of
energy to other rates, such as those occurring in the field.

15 CUNFIDENTIAL
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b.

C.

General Summery of Project Prcgress: The methods and equip-
ment employed were described in the September 1951 Quarterly
Progress Report. The experiiental results on inaple wnod,
tropical-weight wool and clear Bakelite are described and
discussed in the December 1951 Quarterly Progress Report.
The contribution of the "tail"™ of the thermsl radiation
pulse of a bomb detonation in furthering damage on maple
wood, tropicel-weiglit wool and yellow bond paper was
investigatzd and the results were given in the June 1952
Quartorly Progress Report. It was found thct the irradiance
after a 0.9%-second pulse must be at laast 20 to 30 per cent
of the original pulse to increase threshold damage and 10

to 30 per cent to further increase damage to the sample.

The dunage to = material is a function of tempersture snd,
therefore, if the energy in the latter nart of the pulse is
insufficient to maintain or raise the temperature of the
sample, further damaée #ill not ocour.

York Duripg Current Quarter: The contribution of the "tail" in

extending damage on carbon and matte paper was investigated.

It was found that s "tail"™ of at least 30 per cent is necessary
to further both threalold and advanced damegs. Due to the
difticulty in cbtaining =rn irradisnce that will just begin

to destroy the sampie during the initial O,5-second pulse,

the results on the e{fect of the "tzil" at the point of des-
truction of the papers are not complete.

Contemplated HNork for Next Quarter: A continuation of ths
stuaies with a 0.5-sexond pulse and a 0.5-secord "tail" will be

made on passive indicatore, wool serge, cotton satzen and other
materials of interest to the Tnermal Radiation program. Use willaleo
be mads of shorter pulses commensurate witi rscent data obtained

on the field pulse shape. A mechanism will be designed to
approximate the ticld pulsc in the Laboratory.

18 CONFIDFNTIAL
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12. REFLECTCONETRY

a. Objective: The purpuse of this inveetigation is to study the
reflectance and tranamittance of materials, including depend-
erce on wave length and angle of incidence of the radiatios,
and on previously suetained damaga.

b. General Summary of Project Progress: The spectral reflectance

"~ and tranemittance of a number of materials of interest in the
investigation of damaga hy thermal radiation were measurecd.
The rediant abeorptances of these materials were calculated
for sources of interest. Thege resulte have baen published in
various reports covering the complete inveetigations of the
thermal properties of the materiale and also in previous
Quarterly Progress Reports. The instruments and techniques
employed in the investigation of the reflectance and tran-
smittance have bsen continuously improved to make possible
more accurate measurements on the different typee of samples

involved.

c. Work Duripg Current Quarter: The reflectance and transmittance
of 28 semplee of cloth wers determined as a function of wave
lengthk. Tuo sudiant absorptance was caiculated for these

. cloths for 10,000°K black-body radiation after passage thiough
2,000 yards of atmosphere with a visual transmissivity of
5C per cent per mile aud for the laboratory carbon-arc source.
These results are listed in Enclosure (2). A report is being
prepared to present all the important results on reflectometry
t> date.

The infrared reflectometer is being remodeled for semiautometic
curve-drswing operation. The uesefulness of this instrument will
thorebv be increased and the time required per eenple will be
considerably reduced.

17 CONFTDENTIAL
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The 12-in. sphare reflectometer was operated usicg a
lczd oinhide cell receiver and a tungsten lamp with

a 2-cm water cell. Fifty-six per cent of the radiant
energy was in the visible region and 44 per cent in
the infrared regiou as deteruined by seiective rilters.
Values of radiant absorptance as determined for 20
materials were compared with the radiant absorptance as
calculated from the spectrophotometric data and the
carbon-arc source. The absorptance values as measured
by the sphere wure within 6 per cent of the calculated
value.

Contomplated Work Duriug Next Taree Monthg: The re-

modeling of the izfrared reflectometer will be completed
and the ref{isctiance measuremsents cortinued. The report
covering all the reflectance and transmittance work to
date will be completed.

13.  THERMAL AND OPTICAL CHARACTERISTICS OF NAVADA SAND

Inasmich ae the report on the tharmal and optical character-
istios of Nevada Sand has been completed and distributed to the
APSWP Tusrmal Radiaticn Distribution List this problem is considered

closed.

4. THERMAL AND OPTICAL CHARACTERISTICS OF ENIWETOK SAND

a.

Objective: To study the "explosion” of the ground sand
noted at field tests, and to measure the pertinent
characteristics of the sand.

Geaneral Surmary of Project Progress: The explosion
characteristics and chemical properties of the Nevada
eands and twc common sepds, apd the thermal and optical
propsrties of thc Nevada sands have been measured and
reported. A sample of Paiwetck sand was subsequently
received and messured.

18 CONFIDENTIAL
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¢. ®orx juring gurrent Querter: The thermal and optical

prorerties of the Eniwetok sand were measured and found to be

) very close to those of the Nevada sands. The chemical com-
position, however, was much different; the Eniwstok sand is
composed essentially of calcium carbonate, while the Nevada
sends are mainly silicon dioxide. The Eniwetok sand required
31 cal/cm? sec, applied for O.5-second, to explode; the Nevada
sands required only 11 cal/cm? sec, and exploded more violently.

[29

Contemplated Work During Next Three Months: The final report
will b completed arnd distributed.

18.  EFFECT OF REFLECTION FROM SAND ON RADIANT EXPOSURES

a. Objective: To calculate theoretically the effect on exposed
materials, of reflection of thermal radiation by the grou'd in
ABD field tests.

b.  General Summary of Project Progreus: The effect of ground
reflection is a potential factor in the evaluation of the

results of field tests. In the cese of the :osine attenuators
exposed by NML at TUMBLER-SNAPPER, determiuation of this effect
was necessary for a complete explanation of the results. For
this reason, a theoretical calculation of the magnitude of the
effeot was made.

13 CONFIDENTIAL
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c. ¥ork During Current Querter: The irradiance on an arbitrarily
oriented eurface was found to be approximately

_ rIH .
J= e R (14 cosvV),
2 RS

irradiance in cal/cm?® sec,

reflectance of ground,

intensity of ball of fire in cal/sec steradian
height of ball of fire in cm,

slant distance of receiver in cm,

attenuation coefficient of atzcsphere;in per sm, and
= angle between inward normal ic roceiver sur’sce aad
an upward verticsl line.

where

< PR T oS &
"

The esssumptions made in the calculation, which were all valid as

approximations for the conditions obtaining in NML field tests,
were:
1. The ball of fire is a point source.

2. The ball of fire is much higher than the receiver.'
- 3. The ground is a diffuse reflector.

4. The attenuation of the atmosphere is not very great.
8. V is not small.

According to this formula, the highest ratio of reflected to
direct radiation for a plane sample aimed at the ball of fire
is 3 per cent. For a sample not aimed at the source, the
reflectad radiation may be important. For the cosine
attenuators exposed by NML, for instance, an otherwise
anomalous 5£fcst was edequately explained by the above formula.
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d. Contempleted Work During Next Three Months: A final report
covering, the derivation of the atove formuls and its

applicatior to the cosine attenuators will be completed
and distributed.

16. THERMAL CHARACTERISTICS OF HEAT TREATED ORLON

The report, "Relative Protection against Radiation Burns by Heat-
trcated Orlon", has beeu distributed to the AFSWP Thermal Radiation
Distribution List. This problem, therefore, is considered closed.

17. THERMAL CHARACTERISTICS OF UNIFORM CLOTHING

.. Objective: To determine the heat transfer through one or
more leyers of uniform clothing under exposure to thermal
radiation; to determine the effects of physical parameters,
including weight, weave, color, lamination, etc., on the
transfer of heat through clothing.

b. Genera) Summary of Project Pruxressg: Ths thermal characicristics
of clothing, partiqularly the radiant exposures -~equired to
produce certain destructive. effects on material, have been
studied as purt of the Serviczs Testving Program. The purpose
of this investigation, however, is to determine the physical
parameters of clothing influencing the burns produced by thermal
radiation to personnel. The first phase of this study is the
development of a,good substitute for skin $0 alliow phiysicel
measurement, eithor by active or passive indicators, of the hest
transfer thrucgn ciothing materials. The second phasw is ths
correlation of the physical data with those of the actual burne
produced on pig skin for identical axposura conditions. During
the special investigation of heat-treated Orlcn, the usefulness
of measuring the temperature rise st the interface between cluin
and backing was demonstrated. These results were presented in
Materiel Laboratory Report 5046-3, Part 20. A meat backing was
employed for the Orlon studies.
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c.

E.'.~

Work During Current yuarter: Arrangements for cocgcrative
experiments have been made with the University of Rochester
Medical Scliool. Rochester will exposc pigs to carbon-arc
radiatiou iU procduce the various typee of burns and measure
the temperature-tiime characteristic of the pix’s skin
during ecxposurn. The Matericl Laboratory will develop

the gkin simulent and use similar exposures with this skin
sim:lant instead of the live animal. The results of the
oxperiments of the tvn activities will then be compared and
the temperature-time characteristics of the skin simulant
esrrelated with the temperature-iims and hburn charactariatics
of the plg skin,

Polyethylene has been chosen es a skin simulant i{¢c be used

in laboratory and field studies of thermal radiation burns.
Thcoretical calculatiors and axperimental work have shown
that the temperature-time relationship of poiyethylene for

a 0.5-second thermal pulse is almost identical with tkat of
the meat uszed in the study of Orlon characterisiics. Pre-
liminary studies have been made on the effect on the
temperature-time curves of area of exposure, contact pressure
of the cloth, placement of thermocouples and thickness cof

the backing material.

Contsmplated Work During Next Three Months: The experimental
and theoretical work on tne proper coantact pressure, exposure
area, thicknese of backing and other conditions governing
proper exposu.e will be continued. Radiant exposures will be

mede using the carbon-arc sources at various irradiances and
various layers or a stanaard cicih teing polythylene and maat
as skin simulants. Tho temperature of the surface of the skin
simuiant wil) be determined as a function of time by empioying

a fine wire thermocouple and a recorder.
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18,

13.

DFPTH OF CHAR MEASURFMENTS ON EXPOSED WOUD

Qhiective: To cetermine whether depth-of-char may be employed
a8 u index of the thermal damage to wood exposures; to develop
a ouantivative method of determining the erfticiency of coating
materials in reducing the amount of thermal damage to wood
surfaces.

General Summary of Project Progress: The depth-of-char studies
of control samples exposed to the lsboratory carbon-arc source
wore outlined in the June, 1952 Quarterly Progress Report.

The chsracteristics of unprotected wood indicate that initial
cherring begins at a tnresi:old radiant exposure. Tae actual
charred depth incruases for greater radiant exposures reaching
sn asymptotic value as the radiant exposure is increased further.
Tre effect of painted surfaces is to change the shape of this
characteristic curve. )

Work During Current Quarter: The damage tc ihc woode exposed
at Operaticn BUSTER has been analyzed and the problem repo.t
is being prepared. It should be published during the next
three months.

CALORIMETRY

a.

b,

Qhjective: To develop the high-irradiance radiomseters required
by NML in its thermal radiction program, and to calibrate these
and radiometcis submitted by other agencies.

General Summary of Project Progreps: Several types of radis-
meters have been developed at NML to meet special needs.
Recently, radiometers have been received from several agencies
for calibration.

1€
9]
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c.

York During Currert Quarter: A radiometer consisting of a
single, directly exposed, thin-wire tnermocoupie way
calibrated for the Uuivorsity of Rhode Island on a contract
from the Air Force Cambridge Resenrch Laboratories. The
response was linear up to an irradiance of 18.5 cal’cm? sec,
the highest measured. The sensitivity was 1.5 cal’em? sec
per millivolt. The time constant was 0.12 sec. The
radiometer is extremely sensitive to air currents; it must
be covered for accuratc us».

Contemplated Work During Next Three Monthg: Two radiant
calorimeters which have been submitted by the Army Chemical
Center will be calibrated. They consist ¢f a copper
cylinder,2.% in. in d,ameter; one ic 2 in. long, the other
1 in. long with a l-in. projection. Each is enclosed in a
box which exposes the flat end tarcugh e 2-in. aperture.

It will be necessary to use a large area source to calibrate
these.
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REPORTS SUBMITTED

The progress of the Naval Material Laboratory in its Thermal
Radiation studies is summarized in reporus which are prepared and
distributed as significant findings warrant. 7o date, the following
reports have been issued. Copies are available tc th: rarious
activities on the Armed Forces Special Weapons Project Thermal
Radiation Distritution List upon request. The reports released
during the current quarter are indicated by an asterisk (*).

a. Sources of Thermal Radiation and Meinods uf{ Exposure

Report of Investigation of Ges-fired Radiaant Fanel Manufectured
by Selas Corporation of America as a Source of Radiant Energy
(Naval Material Laboratory Project 5046-2, Part 1, Unclassified)
(March, 1951).

Report of Investigation of Analyticai und Graphical Determina-
tions of Cam Shepes for Imparting Specified Motions by Means
of a Cord over a Fixed Pulley (NML Project 5046, Part 6,
Unclassified) (January, 1950).

Decermination of the Energy of High-Intensity Radiation at
the Focus of a Parabolic Reflector, Using (A, a Black-body
Rceceiving Cell; (B) Metal Foil Receiving Strips (NML Project
%5046, Part 4 Unclassified) (July, 1949).

Determination of Intensity Distribution at the Focus of a
Parabolic Mirror and the Energy Density on a WMoving Surface
Using a Tungsten Lamp Source (NML Project 5046, Part 5,
Unclassified) (July, 1949).

Theo *etical Kequirements for a Laboratory Source of
Thermal Radiation (NML Project 5046-3, Part 17, Restricted)

1 o .
VAPLiL, 1952).
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b.

Calorimqﬁgy

A Method of Measuring High Intensities at the Focus of a
Perebolic Reflector with Large Relative Aperture (NML
Project 5046, Part 3, Unclassified) (November, 1948)

Material Syudies

The Critical Fn:rgies of the Materiels Employed in the
Mat>rial Laboratory Greenhouse Studies (NML Project 5046-3
Part 1, Coafidential) (May, 1951).

The Critical Thermal Energies of Clothing Materials Sub-
mitted by the U.S. Marine Corpe (NML Project 5046-3,
Part 3, Confidential) (July, 1951).

The Critical Thermal Ezergies of Clothing Materials Sub-

mitted by Air Materiel Command, USAF (NML Project 5046-3,
Purt 4, Confidential) (August, 1951).

Thermal Radiation Characteristics of Orlon (NML Project
%046-3, Part 5, Confidenviui) (September, 1951).

Critical Thermal'Energies of Cloths Submitiusd by Quarter-
master General, U.S. Army (NML Project 5046-3, Part 8,
Confidential) (March, 1852}.

Critical Thermal Energies of Clothing Materials Submitted
oy Surgeon General, U.S. Army (NML Project %046-3, Part 8,
Confidentiel) (October 1951).

Criticel Thermal Energies of Clothing Meterials Submitted
ty Bureau of Supplies and Accounts (NML Project 5046-7,
Part 9, Confidential) (October, 1S3i).

Influence of Weathering on Critical Thermal Eneigies of
Material Surfaces (NML Project 5046-3, Pert 10, Confidential)

(Ccscher, 10511,
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Critical Thermal Energies of Paint-oa-Metal Systems Submitted
by the Bureau of Aeronautics, U.o. Navy (}L Project 304&-3,
Part 15, Confidential) (March, 1952).

Critical Thermsl Energies of Paint Systems Submitted by the
Bureau of Srips, U.S. Navy (NML Project 5046-3, Part 16,
Confidential) (April, 19%52).

Critical Thermal Energies of Plastic Window Materials Submitted
by the Air Materiel Command, USAF (NML Project %5046-3, Part 18,
Confidential) (May,1952).

Relative Protection Against Radiation Burns oy Heat-Treatued Orlon
(NML Project 5046-3, Part 20, Confidential) (August, 19%2).

Critical Thermal Energies of Plastic Materjals Submitted by the
Bureau of Ships (NML Project 5046-3, Part 22, Confidential)
(August, 1952).

Tritical Thermal Energies of Dcped Fabrics and Additional Paint
Systems Submitted by the Sureau of Asronmeutice, Department of
the Navy (NML Project 5046-3, Part 23, Confidential)

(September, 1952).

Critical Thermal Energies of Special Fabric Materisls Submitted
by the Forest Products Laboratory, U.B8. Forest Service (NML
Project 5046-3, lart 24, Confidential) (September, 1952).

Reflectometry

A Reflectometer for Meesuring Diffuse Reflectance in the Infrared
Region (NML Projent 5046, Part 9, Unclassified) (September, 1950).

Trensmitting and Reflecting Characteristics cf Inert Materials
(NML Froject 5046, Part 10, Unclassified) (March, 195i).
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Reflectience and Transmittance of Forest Materials (NML
Project 5046-5, Part 7, Unclassified) (April, 1952).

Reflectance and Transmittance of Thermal Scurce Componentc
[NML Project 5046-3, Part 13, Unclassified) (April, 1952).

e. Effectg of Atmosphere and Environment

The Spectral Characteristics of the Thermal Rediation of an

Atomic Explosion (NML Project %04f 3, Part 2, Restricted).(May, 1951).

! Tne Thermal and Cptical Characteristice of Nevada Sand (NML
Project 5046-3, Part 19, Confidentiml) (June, 1¢52).

f. Protactive Meagures

" A Survey of Messures for the Flame-proofing cf Fabrice and
Building Materials (NML Project 5046-3, Part 11, Restricted)
(January. 1952).

Reduction of Thermal Radiation Damage by Means of Metallized
k Cloths (NML Project 5046-3, Part 14, Restricted) (March, 1952).

Value of Commercial Fire-.etarding Trestments in Reducing
Haza~d from Flash Fire. (NML Project 5046-3, Part 12,
Contidential) (May, 1952).

Reduction of Trermal Radiation Domage by Means of Brompoly
TAP and Aminophosphorus Resins (NML Project %046-3, Part 21,

Confidential) (May, 1952).

i g Field Tests

RANGER (NML Pro;ect 5046-7, Secret) (uuly, 1951).

Critical Energies of AVCRL Project 1.1 Materials (NML Project
5046-&, Part 1, Secret) (July, 1951)
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Critical Energies of AFCRL Project 1.1 Materials (NML Project
5046-8, Part 2, Confidential) (August, 1951)

The Characteristic Behavior of Materials Attendant Jpon Exposure
to Thermal Radiation {GREENHOUSE Pre-Uveration Repori, Confidential)
(Decemter, 19%0).

Summary Technical Report of Thermal Radiation Studiss from
1947 to 1949 (NML Project 5046, Part 8, Confidential) (April, 19%0).

Evaluation uf Thermal Effects on Specimens Exposed at Bikini
(NML Project 5046, Part 7, Confidential) (March, 19%0).

Investigation of Radiestion Effects on Wood Speciiicns Exposed
During the Able Test at Bikipi (NML Project %046, Part 2, Restricted)
(Septemcer, 1947).

rffect of Thermal Rediation on Materials, Operation BUSTER Project
2.4-2 (Report available through AFSWP) (NML Project 5N46-8, Pert 3,
Secret).

Atmospheric Transmission and Weather Measurements, Operation
TUMBLER-aPPER Project 8.4 (NML Project 5046-10, Part 1, Restricted).

Measurements of Thermal Radiation, Using Faasive Receivers, Operation
TUMELER-SNAPPER Project B.3a (NMI. Project 5046-10, Part 2,
Confidential).

Survey of Material Specimens Exposed at Able and Baker Tesis and
Submitted for Eveluation of Radiation Effects (NML Pruject 8043,

saan?

Part 1, Restricted) (September, 135i7;.

Prooress Reports

Bi-monthly Progress Report, NML Thermal Radiatioa Program,
1 Decemoer, i$%0 (NML Projects 5046-2,- 3, Contidential)
(December, 19%0}.
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Bi-monthly Progress Report, NML Thermal Radiation Program,

1 April, 1951 (NML Projects £746-2, SR Confidential)

(April, 1951). :
Thermel Radiation Studiss, Report of Progress, July -

September, 1951 (NML Projects 5046-2, - 3, Confidentisl)

(Cctober, 1951).

Thermal Radiation Studies, Report of Progress, October -
December 1951 (NML Projects 5046-2, - 3, Confidential)
(March, 1952).

! Thermal Radiation Studies, Report of Progress, January -
March, 1952 (MML Proiects 5046-2, - 3, Confidential])

| avema

i (April, 1952).

* Thermal Radiation Studies, Report of Progress, April -
June, 195z (NMIL Projects 5046-2, - 3, Confidential)
{August, 1952).

Approved:

i COMMANDER, USN
For the Director

bas

30 CONFIDENTIAL .




TVILIEALANOD
8 8 [ seyrieduaqg »uououomra 0320poid 199704
6 6 '3 (evi[quuesy) ‘Jugyaclr 8TIJF0 ® ,[Qaveey souling
0z 0z 0z Suiy3oy)d edi0) 1v3ssmIRzIen) Aeay
1l St (X sysi1on ‘wox3Iwed LERLFN
4 A A Sergaor) putEmo) [oiimasny Ity vy
£l 3 3 wotiqeg pe3eaal ‘es ISl 1Y ;
9 9 Ks efuryvo) e213mM8wI33y jOo wewing
s z .N sd>tmeanw) eltqg 30 nesiag
€l 6 ioqqey edigg jo mwseaeg
y v v sa030ig juing ediqg jo wsoang
9 9 € sd21aqeg [s1d20dg sdiqg jo msoang
5 . 8 fuiyoug edrq; yo wsmaeg
Tl (A 9 s3r3eeyd edigg jo mevaimg
- £l € sse(9 (®d213dQ soesupi( jo mesvaimg
- - €1 S[®TIVIBR] WOTIIONIITEO) uyd0Q pu¥s spis} jOo weaisg
- Lt £ s[stiejep Suryosg|vaivwoddy pue verfddag jo ssazug
1A A A Ss1q30() edio) sevaen (7)
(114 (114 11 Su1y3oq) 3odeq Rurgioy) [vawN (T)
®3WE030y pus sorjddeg jo asmieg Kawy
#d23nog -qe1] NN 3¢ |[LAyremiStap
peaodx3 | peatedsuy pesodoay feras3en jJo odiy pusieduwo) Adwoely 120 msdang 32 ta38g
e[vtIvIeN JO Jaquuy

SNOLIVNTVAL XOUANA TVAWHAHL TvOLLI¥O
oI
STVTIIIVA d0 IST1

(1) sansoydouy K1oj8a0QE] TB1I31BR
L 1J0d3y ssaaBouag
€-9%0¢ ‘2-9%0G s30afoad -qe] ) TILINAATIANOD

(RS b




CONFIUENTTAL Lab. Projects 5046-2,5048-3
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Material Laboratory Encloeure (2), Sheet 1 of 2

P 'ABSORPTACE OF
MATERIALS FOR THERMAL BARIATION

N Radiant Abeorptance
& Material lack Body Carbos-arc

S —————

Nylon fated, wool backed, Spcc. Ne. 16207,
U. S. Ajr Ferce No. 4, o.d.

Nyion ribbos, type 5, Spec. No. 14213,

U. S. Air Porce No. S, white 8.40 0.39
Lylon. type I1-for flying clothea,

Spec. No. 16169, U. 8. Air Force Ne.- &,

0.4. clasa A" . 0.69 0.44
Yool, gabardine. $ype II, Spec. MIL-C-64083,

U. S. Air Force No. 7, gray-167 0.53 0.42
Lylon aatin, Séoc. No. 16211, U. 8. Air Force

No. 8, o.d. : 0.77 0.55
Mool, geberdise, type I, Spec. MIL-C-6408,

U. S. Air Force No. 9, blue 8¢ 0.84 . 0.64

ottos eatean, S-ply warp type JI, water end
@ildaw rasjatast, Speo. No. 14159, 6 U. 8.

Air Fo.co No. 10, o.d. 0.81 0.60
Lylon. type 1I, olaas "A®™ for flying clothea,

Spec. No. 6169, U. 8. Air Force Ro. 11,blue 0.80 0.82
lcottos twill” U. S. N. Ne. 4, white 0.26 0.28
Cotton twill, U. S. N. No. 2, kheki 0.64 0.42
Cotton herrimghoza *®3ill, U. S. N. No. 3, greea Q.87 0.“
Cot toa, demim, U. 8. N. No. 4, blue 0.8$ 0.64
Cotton, chamb.ay, U. 8. N. No. S, dblue 0.698 0.48
Cotton, keitved uwsderabirt, U. 8. N. No. 6, whita] 0.30 9.35

Cotton, jesgle winter clothisg, U. S. N. No. 7,

0.
e 0.91 L

10,000 X
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Enclosure (2), Sheet 2 of 2

Materiel

Cotton twill, impregnated for protective
clothing, U. S. N. No. 8, white

Reyon, scetete, peckerchief,
. S. N. No. 9, bleck

Wool, melton, U. S. N. No. 15, 16 oz., blue
Wool, korsey, U. S. N. Ne 16, 30 oz., blue
17,

Wool, flenmel, U. S. N. Ne.

Yocl, trop. worated, officer’'s vnifors,
U. S. N. No. 19, kbeki

Cloth, combined buty]l rubber. rein
clothing -N-2., U. S. N. No. 20

Cloth. coeated elkyd resin, foul weatber
ciothing, U. S. M. No. 21, =&raey

Cloth, csszbined viayl resim, U. S. N. No.

11 ¢s., blue
Wnol, serge, U. S. N. No. 18, 13 os., blue

22

Radiant Absorptance
Black Body | Carbon-arc
Saurse - Source |
0.34 0.29
0.94 0.93
¢.90 0.71
0.90 0.73
0.90 0.71
0.91 0.718
0.69 0.52
0.82 0.65 |
0.91 0.91
0.97 v.%2 J

¢ 10,00 K
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3 Segtember 1052
THERMAL RADIATICH DIST:UBUTIOW LIST

ARY
1. Chiel of Research and Engineering Division, Army Chemical Center,
Marylend (1 copy)

2, Cuief Signal Officer, Department of the army, Washingter. 25, D. C.,
Attn: E and T Di.islon, Special Projects Branch, Applied
Physics Section (1 copy)

3. The Quartermaster General, Departm -t of the Ammy, Washingtan 25,
D. Ces, Attns LtCol. R. H. Oliver Kesecarch and Development
Division (1 copy)

L. Commanding Oeneral, Aterdeen Froving Ground, Aberdeen, Maryland,
Attn: Dr. J. He Frazer (1 copy)

S. Chief of Bngineers Departmen. of the Army, Washington 25, D. C.:
Attn: H!'. Eo Ho Dhein (1 copy)

6. Operations Research Office, Johns Hopkins University, 6410
Connecticut Avenne, Chevy Chase, Maryland, Attn: Mr. S. H.
Turkell (1 copy)

7. The Surgeon General, Department of the Army, Washington 25, Il'. C.
Attngs Cnl. J. R. Wood (1 copy)

8+, The Assiztant Chief of Staff, G-i, Department uf the Army,
Washington 25, D. C., Attns LtCol. J. C. Nickerson {1 cepy)

9. Commanding Officer, Engineer Research and Development Laboratory,
Fort Belvoir, Virginia, Attn: Special Projects Branch (1 copy)

10, Sigma) Corps Enginecring Laboratcries, Fort Mormcuth, New Jersey,
Attn: Camponents and Materiaic Branch, SSL {1 copy)

11, Comanding Officer, Rvans Signal Laboratory, Belmar, New Jersey,
Attns Nucleonics Branch, Atomic Weapons Tests Secti. (1 copy)

i2. Chief of Ordnance, Department of the Army, R and D Division,
Washington 25, D. C., Attr: ORDTB-AE (1 copy)

13+ Chief, M R and D Laboratories, Pniladelphia Quartermaster Depot,
2800 South 20th Street, Philadelphia 45, Pennsylvania,

Attn: Mr. John M, pDavies (1 copy)
1L. Chief, @4 R and D Laboratories, Philadelphia Quartermaster Depot,

280C South 20th Streat, Philadelphia 45, Pennaylvania,
Attns Tech Library (2 copies)
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15.

16.

17,

18,
19.

20.

22.

23.

NAVY

2b.

2%.

26.

2Te

28.

29.

. dJ.nﬁ Cfficer, wWatertown irsenai, Watertown /2, Massachusetts
1T Arve

\=- were/

Commanding Officer, Picatinny Arsenal, Dover, New Jersey (1 copy)

Commanding Officer, Frankford Arsenal, Bridesturg Station,
Philadelphia, Pennsylvania (1 copy)

Chief, Army Field Forces, Fort Monroe, Virginia (U4 copies)

Office of the Chief Chemical Off3i-ar, Department of the Army,
H.ahington 25’ D. C. (l copy)
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