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ABSTRACT

Preshock air-texperature measurements jin the vicinity of a nuc-
lear detonation are reported. Although no data were obtained for
close-in stations over water;, s«sphalt, and dasert, somevhat interest-
ing but unusual regults were obtainsd for stations of simulated
terrain such as plots of ivy plants, fir boughs, wood, and concrete.
The maximm air temperatures sbove =abient were found to be in
excess of 1,500°C over all plots. Furthemnaore, an increase in maxi-
mm air temperaturss vith elevation was found over all piots. Results
of supporting high speed photugraphic coverage and gas analysis of
air above ‘rredisted pilots are reported. An sttempt to explain the
results {s given despite the lack of sufficient data.
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FOREWORD

This report pi2sents the final results of one of tbe 50 projects ooemprie-
ing the Mlitar; Effocts Frogrum of Uperation Teapot, which i{ncluded 14
test detouations at the Nevada Teast Site in 1955,

For oversll Tespot military-effects information, the resder is ro-
farved to "Summary Report of ti» Technical Diraoto,r{ Military Effects
Program,” WI-1153, vhich includes the following: (1) & description of
each detonat{on inoluding yield, sero-point enviromment, type of devioe,
ambient atmospheric conditions, etc.; (2) & discussion of project results;
(3) &« mmmary of the objectives and results of each project; amd (4) a
listing of project reports for the Mlitary Effects Program,

PREFACE

The help of the following ig grateful.y acknowledged:
K. W. Hillendahl, F. I. lLaughridge, J. R. Nichols, AFC, USN, and
A. L. Greig who coutributed in 2 major way in the planning and
installation of the teet ziations; S. B. Martin and C. P. Butler
vhe provided smuch of the belp {n assembly and calibretiion of the
HiVats; F. Seuer and S, Sceda for many helpful discussicos; ad
W. B. Plum, ¥Project Officer, vbo was a scurce of constant encoursge-
ment.
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Chopter |
INTRODUCTION

1.1 OBJECTIVE

This project was to obiain air-temperature data, its temporal
histoury, and spatial distributioc over eimuw.ated and natural ground
coverings in the vicinity of a nuclear detonation prior to shock
arrival. These measuremente were then to be correlated with sound-
velocity and air-blast messurementa to provide same insight as to the
origla and the mechanism of the formation or a precursor, in view of
the suspected importance of the latter in causing anomalous sir
blasts assoclated with shockx arrivel. From a military tactical nd
operational viewpoin*, it is important that a better understanding of
the precursor be cobtained, in order to provide a realistic basis
for predicting the effects of nuclear detonations.

1.2 BACKGROUND AND HISTCRY

Under certain conditions in nuclear devonations, a precursor
pressure wave is formed which develcps prior to shock arrival end
considerably modifies the intensity of the air blast. Also, a
layer of very higaly heated alr forme above the gro d pricer tc
shock arrival wvhich has been related to the formation of the precursor,
The first most extensive alr-temperature measurements prior to 8HOCK
arrival in tae vicinity of nuclear detonations were nade "n Operatioe
Tumbler (Reference 1), These were made inconjunction with air-blast
measurements in order to establish any ccrrelation vhich may exist
betweern these parameters. Fine-wire aspirated thermocouplee and
resi{stance thermameters, as well as sonlc-velocity methods, were useq,
all being mounted at various heights on 50-foot towers, The latter
was stationed at several distances from ground zero. In genematl,
extremely high temperatures were obiained {in some cases in excess of
1,0000C) for the air 'ust above ground level up to a height of a fevw
feet. Furthermore, ihe ailr terperature decreased rapldly with
height, with the result that above 10 feet the temperatlure increase
above ambicnt was relatively srali. The observed heated layer of sir
may will provide one of the necessary conditions for the develiopment
of the precursor. Although nou definite conclusion could be maide about
the mechaniem of formatici of the heated _ayer of air, {i vasg the
opinion that such of the heating was due to rapid coavective hest
transfer between presbock dust and the turbulent air (Reference 2).

Che of the conditions important to the furmation of the heated
layer of air is the nature :nd characteristics of the undorlying
terrain {n the vicinity of a auclear detonation. It is cl:ar thet
the latter wvould be imporiant, especlially if it played a major role
in controliing the bheat-transport mechaniem. For example, preshock
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sonic velocity measurements (Reference 3) made by the Havsl “lectronics
laroratory (NEL) over an area covered by fir boughs appeared o give
snomglously bigh results in Cperation Upshot-Knothole Fuwrirermore,
in the lsboratory at the Baval Bediclogicsl efense laboratory {NRIL),
the irmediation of organic samples with a simuleted pulie of thermal
rmadiction remltsl in very-fine, high-speed flaming jets arleing
over the irre dsted Surface. It is thus possible to attribute ruch
of the onserved beating of the alr in the field t0 a process such oa
toat observed in the laboratory for comparably irradiated surfaces.
In rizw of v poerible importence of the nature of terraln in
precurscr furm.iion, air temperature measurements over a variety of
simdated terrarns would be highly desirsble. Such measurements 2.3
these siowid ther be correlated vith those of air biast. It would
be alan «alpful to delemine the nature and amount of gaseous
emmpatious srising fr. s ¢ ilrwdiated plots of simulsted termidsn.
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Chapier 2
INSTRUMENTATION

2.1 BASIC COMSIDERATiIONS

Thare have bDeau 4 pumber of eir and gas-temperaturs peasuring
techniques developed. some of which are deeribved in Referer:e b,
Host of these devices were designed for temperature measurements of
geges 8% constant or relstively elow-changing tssperatures. For the
peag.esent 9f preshock air temperat.res in the viciuily of nuclear
detonsations. certain stringent requirem»nts muet be met in sslecting

and dexigning &ir-tempzrature measuring deviser. Thus. it iz desirgble

TG AT &a lnstruwent with & tine constant of the ordar of SO msec or
izus, #ith an adeguaste sensitivity over 2 wide rupge in lemperatuse
{sebient 0 sbout 2.000°C). and of simple deeign yet rugged spcugh
Y withstand rough handling in field instaillatione.

The selection of the wethod of measurisg alr teaperstuz e vas.
thersfore. basad on the above comsideratioss &8 well as on the
experience gained with that used in Operstion Tumbies; namely,
aspirated fine-wire thermocoiplies (generelly called high-velocity
thermocouple ar HivVat). Although in primcipie ths design chosen
o3 similar to that used previocusly, & mmbder of modifications were
nrde &8 will be described delow.

2.2 HIVAT AND ASSOCIATED EQUIPMENT

The final design of the EiVat is shown in Figure 2.1, which
conaisted of the following compopente. A l-mil dimmetey Pt - Pt
Ry 1o thermoco ple. T, was used, the Junction being piaced on thie %
axis of pyrex glaes tubes { and O, the &ir inlet and cutlet tubes
respectively. Tube I consisted of a piece of S.mm cuteide disnter
and l-mm thick-wall pyres glass tubing fused on to thet of s G-am
mitslde dismeter and l-mm thick-wall tube, the overall length being
about 1 3/b inches. Tube O was the s ame as the latter hwif, teing
sbout 7/8 inches long. Thermcriple T wes mourtad on & very thin
d'sk of mice. M. 1 1/k inches in diameter, vhich hed a hole cut ot
at its center sbout 3/16 inch dismeter and held in place (with the
thersocouple junction centered in the hole) Ly meank of 2 sasll
amount of cement. The Pt wire of the couple was cemented on ome
face of the mice disk while the f”to_ggﬂlo. o ¥ire was cemented on the

opposite face. Thus, electrica ~ontact of each wire was made with

brass cylindere C. and ¢, when = f~reato-face against the mica
disk az shown, el the aame tiuc U. + . electrically insulating
Cy from Cy.  Because of the relat.. - ___ge masses of C; and Cos

t?xfcy both served as =old, or relerence, junctiom for the thermo-
couple. Tubes I and O were inseited in the 1/b-inch diameter Zoles
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drilled through the axes of C, and C, respectively, tube I being

held in place vith an asbestos pedding, A, and O with ses) 1g wax; W.

Screws S5y and 5, served not only te rigidly held C, and C, together
but also as binudng posts for maiking connections to the external

//
.
7

——

e
———

PV
Pum——

Figure 2.1 Components of HiVat and HiVat Mount.

circuit. Fiber wesherswera used to insulate 5, and Sp from Cy and
Cp, respectively. Note that Cp 1s threaded for making connections
with UC fittings leading to the aspirating system.

The HiVat is thus mounted in an aluminum holder H and bheld in
2lrce by the fiber bushings Bl and 32 and screvs Sq and S, The
diemeter of H was such that it could easlily fit into a 2-inch pipe.
The HivVats were removed from the holder when tested and caiibrated in
the Isbcrutory.

The l-mil Ft - gm 0 thermocouple was fabricated in the
laboratory by casefully’ dini the ends of the two wires using a

small cxygen blowpipe burner. The performance of these thermucouples

10
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wvas compared to that purchased from Baker and Company, Inc. They
vere found to give an almost ideniical tempermture-versus-millivolt
output relationabip. ‘

2.3 CALIBRATIOR OF HIVAT

In order to determine the reproducibility and accuracy of the
Hivat, the following experiments were carried out in the laboratory.
The results of these experimentg therefore provided the basis of sny
corrections which should be applied to the measured temperatures in
the field. In all thege iaboratory experimenta, a Linddberg muffle
furnsce was used as the source of heastad air. Ip sampiing the latter
from the oven, it was extremely important that none of the colder
ambient air outside the furnace be entrained. The hested air wvas
thus drewn through the HiVat by mesans of & compressed air aspirator,
the sampling being controlled by an on-off solenoid valve. A hollow
transite cylinder, insertsd and sealed in & @mall port in the furnace,
provided & convenient mesns for sampling the heated alr. Thus, a

I-mil Pt - P:glgoﬂm thermocouple was placed ingide the transite
o Qe }0
ite Jun

eylinder so ction vae sbout 1/8 inch from the inlet end,
10 T
970°C
W.__om_a_al_ﬂ.—c
)
720°¢C
J OO Y 0
- 8 g
r
o
2
-t
pu |
R %
320° ¢
&——o—o-—o-——o-b-——-o
2 /fﬁ
0
0 0.2 0.4 0.6 0.8 Lo

FLOW RATE (CUFT /MIN)

F.gure 2.2 Rasponse of HiVat as Punction of Flow
at Various Air Temperatures.
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I, of the Hivat. The thermocouple response was measgured by means of
a Brown recorder.

Inasmich as the performance of the HiVat iz det2rmined to & large
extent by the effective convective heat transfer between the heated
air and thermocouple, the response of the HiVat wms measured as a
function of &lr velocity or flow rate. The results are shown in
Flgure 2.2. Evidenily, the HiVat response was independent of flow
rate above 0.5 to 0.6 ££3/min. Therefore, it was decided to use
flow rates between 0.6 and 0.7 f£i3/min in all experiments and in the
rield messurements.

In order to determine the degree of precision required in
centering the juncticn of the tbhermocouple in the HiVat, the air
temperature profile wvas obtairad by measuring the temperature at
various points along two perpendicular diameters of the circular
crogs section of the stream of air in the region of the HivVet
therrccouple. Although thase mesasurements could not be made with
precision, the resulta cbtained sppesred to be reasonably indicative,
as shown ip Figure 2.3. It is to be noted that the temperature
profile was symmetric snd fairly flat near the center of the streem.

} Figure 2.3 Temperature profile along a dismster

Vg "W of uir stresm passing thermocouple in HiVat.

/ > Grigin of abscisss represents centsr of air
i \

----- strean. Tempersture profile along s dismeter
perpepdicular to the above gives identical
curve, hence profile symmetric about origin.
g - o ) 2 Air tempersture st center sbout 510°¢,

1

Thus, it vas sssumed that the air temperature in the moving stream
coLe wes sensibly constant vithin a region at least 1 mm in diameter
A about the center of the stresm.

Terert Although it was found that the response of the laboratory-fabri-
cated thermocouples wvas the same as calibrated standard Pt - Pty

Ry ;0 thermocouples, it was falt that a further check on the -

bretion would be desirable. This was accomplished by determining the

melting point of l-mil dismeter aluminum and gold wires with the

Hivats. Thus, one of these vires was mounted in the HiVat paraliel

to the thermocouple and close enough so that both were within the

region of constant temperature in the center of the air flovw. Then,
by increasing the air temperature, vhich wes measured by the HivVet,
the point at which the aluminum or gold wire melted was noted. The

results are showvn in Table 2.1.

The agreement between the accepted melting points and those
measured in this experiment is remarkably good. In fact, the
deviation from the accepted melting point for both aluminum and
gold can te remsonably sccounted for by calcula the heat
conduction losses (assuming rediation losses small) along the wires
(Raference 5).

To obtaiz sore measure ¢f the response time of the Kivat to a

13
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sudden increase in sir temperature from ambisrt to sbout 1,000, o

Beiland Oscillographic Recorder (Type B galvancmeters) wag used. It
was found that & conservative estimete of the response tine was some-
thing less than 50 msec. However, it was felt that this was probably
the response time of the solenoid viaive used to control the sudden
input of heated air into the Hivat and that the thermoccuple response
time was apprecisbly better ihan this. Unfortunately, there was no
way of determining the responge time to sudden decresses in air
tewmperature, but it was assumed that this sbould not be very different
from that of sudden increases in temperature.

The thermocouple was located downstrean (Figure 2.1) about L 3/b
inches from the point at vhich air enters the HiVat. A )Jarge oumber
of experiments were carried ocut to ascertain how pach tie air was
cooled in passing between these two points. The air temperature was
measured before entering the Eivat with the thermoccupie placed inside
of the transite tube (see above) through which the air was sampled.
The difference between this temperature and that meezured by the Rivat
then gave the cooling experienced by tae ai:. To obtair reproducibvle
regults it was extremely important to prevent eantrainment of che
colder ambient air. It was found that for air temperatures up to
about 1,0009C, the apparent temperature drop ranged from about 9 to 7

TABLE 2.1 RESULTS O MELTING POINT (BASURBMENTS USING NIVARE

Malting Teapersture OC

Fives Bo. Alunism Qold

0 116 1080

1 691 1077

2 691 1088

3 696 10

Y 698 won
Averoge| 698 won

Ac apted delting Poimt,®” 60 i 1063

e P emed

percent, although by far, most of the results gava 1 to & pevcent
cooling. It is believed that much of this apparent cooling was due
to inability to campletely eliminate entrainment of cold ambient air.
An average value of about two percent was applied as tha cooling
correction for all Hivats in subsequent field use.

In almost all the experiments relating to the calibretion of the
Hivats, the Brown rccorder was used; in all field measirssonts, the
Heiland Oscillogruphic recorder was used. Inasmich as the latter
is a current-measuring device, any change in resistance of the thermo-
couple wires necessarily implisd a change in response ard, therefore,
sensitivity. Thus, a series of experiments were carried ot to deter-
mine the chenge in sensitivity as a function of tempermture using the
Heiland recorder. It was found that {he measured change in sensitivity
campared very well with that calculated for the circuits used. There-
fore, all field measurements were corrected for the cambined effects
of cooling and change in sensitivity. Depending on the circuits
used, the latter correction amounted to almost 10 percent for the
highest temperatures obtained. It may be conservatively estimated
that the accuracy of air-temperature measurea=~ts using the HiVat and
Heilend Oscillographic recorder vul sbett.cr than 10 percent.

-----
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Chopter 3
OPERATIONS

3.1 FIFELD MEASUREMENTS

Air-temperature meagurements were made at two different tes*
sites, Yucca Flat (Shot 4) and Frenchman Flat (Shot 12). The
measurements on Shot 4 wvere mede to test the performmnce of the
HiVats and £ssociated instrumentation.

3.2 INSTRUMENTATION

The besic fleld instrumentation consisted of ten HiVats mounted
on a 10 foot tower at elevatioms of 1/2, 1 1/2, 3, 6, and 10 feet, a
systee for comtrolled air flow through the HiVats, and a Heiland
Oscillographic recorder. A schematic block diagrar of the layout is
shown below:

-—->[ Bivat Heiland
Csciliogrephic
Recorder
" Mrflov M BGAC Relay
Control
Bax
—1—
Campressed Alr

The towver consisted of a 10-fooi-long, 8-by-3-inch channel irom.
Bolted at right sngles to this were 4-by-1 5/8-inch channel irom
bruckets, witli 2-inch irom pipes 10 inches long wvelded to these for
sounting the Hivats. Thus, three RiVats { spaced 12 inches apart )
vere mountad at 1/2-foot and 1 1/2-foot elevatians, two st 3 faet
and one each at 6 feet and 10 feet, with all Hivats pointing in &
directini at r.<ht angles to ground zero. The recessed porticm of the
channel imu provided adequate protection from therwal rediation for
all cables and rubdber tubing leading to the RiVats.

The airflov coptrol box consisted ofa set of twalve compressad
air aspirstors, the suction end of tan of them being connected to the
EiVat by msans of 1/2-inch-diaseter rubber tubing, the remmining two
serving as speres. Each aspirator wms regulated by mesns of needls
valves cu the high-pressure szide; these vere then connscted in parsllel

14
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in sets of three. Each set vas controlled by a solenoid valve, the
latter in turn counected by means of 3/8-inch pressure tubing, to a

tank

of compressed air fitted vitu a reducing valve. Agastat holding

relsys controlled the epergizing of the solenoid walves, the former
being energized iz turn by the closiug of BOLG relays at =minus
S sec. The needle valves vere adjusted to fixed pocitiong/w that

the flov rete through the HiVats was appraximstely 0.7 £t

min. This

vas determined by using a set of calibrated flovrators. The control
bax and compressed air tanks were placed in 6-foot dismeter and 6.foot

deep

from

culverts, one for each tover, each culvert located scms 15 Jeet
the latter and away from ground rzero.
The Heiland recorders were placed in shelters sbout 20 Tset daep.

The approximate locations of these shelters are sbovn in Pgure 3.1.
The operstion of each recorder was controlled by Agastat and EGRG
relays sinilar to those used with the air aspirstion control system.

3.3

SROT &

A 10-foot tower was instrumented at 1,500 feet from and due

sauth of ground zero. The tover was located just at the base and due

wvest

ot a 20-foot high mound, vhich enclossd the shslter for the

Heilapd recorder. Ten RiVats were mounted on the tower as follovs:
three oach at 1/2-foot and 1 1/2-foot elevations from greds; two at
3 feet and one sach at 6 feet and 10 feet, respectively, so that the
fi2ld of viev was at right angles to ground sero. Bach HiVat was
ccnnected to a separate channel of a Heiland Oscillographic recorder.

3.4

SHOT 12

Alr-temperature measuiements were attempted along three different

radial lines from grounc zero. Thus, the water line was located ou a
redial line norta, the desert line west, and the aspimlt line south
of ground zero. The layout is shown in Figure 3.1.

Cone station was located on tht wter line 1,000 feet from

ground zemm. Ou the aspbalt line two gtations were instrumented,
one at 1,000 feet and one at 2,000 feet from ground zerv, both on
the samwe radial line. Similarly, there were two stations oo tbe
desert line, one at 1,000 feet and one at 2,000 feet from ground

zero,

situated in areas charecteristic of terrain in Frenchman Flat.

In addition to these, a serles of five others, about 50 feet spart,

were

instrumented at 2,000 feet from ground zero on the desert line,

esach being located oo 20 - by 30 - foot plots of simulated ground
coverings ac follows: comerets, fir boughs, ivy plants, wood, and
organic #0il. The surfaces of tdese plots were about & inchas above
the dasert grede.

At esch station, one 10-foot tover was instrumsected as in Shot

4, except that the HiVat thermocouples at the same elevation were
nov connected {in ssries. Murthermorv, at the 1 1/2-foot elewation
the three RiVats were mcunted vith the field of riev 180 degrees

from
SeT0.

the rest of the HivVats but still at right angles from ground
Althongh it ws attesgpted to mount the RiVats on towers at

18
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the same elevatione over the surfuces at each station, the corres-
ponding elevations differed at different stations. The exagct
heights will be indicated in the remilts.
The recording instrument shelters were iocatad 2,500 feet
from ground zero on the water line and 2,000 fest ox the desert i
and aspalt lines. Although shielded two-conductor microphone '
cables were used to connect the thermocouples at the tower to
the Heiland recorders in the shelters, the loog lengths of the
cables, especially for those from the 1,000-foot stations, may bave
presented some difficultiee in electromagnetic pickup.

3.5 SUPPORTING OBSERVATIONS

A 5-mi) diameter copper-counstantan bare-wvire thermocouple wvas
mounted at an elevation of 1 1/2 feet on the 2,000-foot desert tower
to ¢obwain the ambient air temperacure prior to zero time. The
reference junction wes placed in an ice-water bath.

In addition to sir-temperature measurements, 16-mm (G8AP) camerus
were installed at esch staticn to provide pbotographic resords of
events prior to shock arrival. At each statios, two cemerus were placed
in 2-foot-diameter, 20-feet-long corrugsted-iron cylinders, the axis of
each cylinder being at right angles to ground zero and pointing towards
the respective towers. A 2-by-2-foot wooden target with contrasting
horizontal 1/k-inch-wide lines and 2 inches between centers yrovided
a coanvenient reference for the photographed region. The target,
shielded from direct thermal rediation, was lccated about 13 feet S
from the tower acd 10 fest from the camers. Thus, cu the special e
plots the targets were located vithin and about 2 feet from the edges .
of the plots. The speed of the cameras vas set at 6k frames/eecl one 11

camera heing set at optimum exposure and the otbher at cne-haif Optimzs.
The operation of the camerm wa3d contralled by Agastat and EGMG relays
in the same wvay as tbhs aspirator systam. -
In onder to determinae the nature of any gaseous emanstiocns from = ...
the irredisted surfaces prior to sbock arrival, gas sasplers were :
installed at the desert, fir-bough, 1}1, wood, and aspbali statioms.
The gas saxpler consisted of a 2-fo0tJ iror cylinder with a bheavy- o
duty solenoid valve for controlling the period of maspling sad a l-inch e
intake pipe. The inlet end of ths latter was locstad sbout 2 feet
from the tower and at an elevatioca of sbout 1 1/2 feet. The
encrgizing of the solanocid valve wvas controlled by Agastat and NOMG
relays, the latter operuting at -1 second. The period of smpling,
therefore, extended from -i second to the time of arrival of the
abhozk, & blast svitoh de-energizing the solencid walve. The gas
samplars vere located in the culverts along vith ths aspiretor coutral
box and coupressed air bottlaes.

......

......

Although the film speed was set Cor 64 fremss/sec, the actual speed
may be differeut duripng ths datonation.

17
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Chapter 4
RESULTS

k.1 SBOT 4

In Figures 4.1, 4.2, and &.3 the results of air tewperatures
sbove ambient measured at 1/2-1 ./2- and 3-foot elevations, respect.vely,
are plotted while Pigure 4.4 shovs results for the messuremants made
st 5 - and 10-foot elevations. It is to be noted that most <f the
be: ting of the air occurred between 0,05 and 0.3 seconds for ell
elevations.

There vere no indicatious on the air-temperature galvancmeter
traces of shock arrival. Howvever, frow Raval Ordnauce Laboratcry (NOL)
hlast mrasurements, the time of shock arrival at 1,500 feet from ground
zero was 0.27 seconds. This is indicated in Figures 4.1 thrcugh L.k,
Alr-terperature data falloving shock arrival are considered unreliable.

As & vhole, the results indicate a definite trend in decreasing
air tesperasture with elevation, aithough for scme as yet inexplirable
reascn the measuremsuts at the 1 1/2-foct elevation shov a lowver
temperature than the ;- and 6-foot measurepeuts. However, at any
instant of time there does not seem to be any weii-defired temperature
distribution vith elevation. PMurthermore, at each elevation the
indivicdual HiVats appsrently indicate different temporature--time
history. From curves a and b in Figure 4.1, the air temperature de-
created rapidly to ambient prior to ahock arrival.

The peak air temperatures measured were extremely high. I fact,
at the 1/2 - and 3-foot elevations, peak temperatures approaching the
melting point of the themmocouple (melting peint of Platinum 1,772°C)
wvere recorded. Although no basic thermal-readistion measurements wvere
made, it ia estimated that the total radiant exposure at the station
was of the order of 500 c&l./caz. It {8 therefore, not {nconceivable
that a part of this large amount of therwal erergy vas transferred to
the air by same heat transfer process, resuiving 1 the exiremely high
tespeyatures ovserved.

Anotber striking feature of the results of these measurements is
the almost totally unrelated time- temperature history of the sir
sampled by the EivVats. PFor exaxple, the results shown {n Flguve 4.1
are highly siggestive of the existence of rapidly rising discrete
parcels of air. The breadth of these parcels of hrated air appear to
be leas than the distarce be*wmen EiVats, namely 12 inches. Furthermore,
they seem to appsar and rise randomly in time and the course they take
in ascending voerticalliy s <ls. random. iiowsver, the maximum tempera-
ture of thezs air percels appears to he about tre same st the same
alovation.

Altbough these measureceuts on Shot & wre primarily msde to test
the performmnce of the Rivats, an enlightening interpretation cac de
made of the results chtained. For exasmpie, il wvould appear frax the
results that the air was not hnated uniformly, at least at the station

i8

LMERINCN ol by




vhere the measurements were nade. In fact, the heated air seawmad to
consist of a random distribution of raplidly rising parcels of heated
air in s medium of air at much lower temperatures approaching ambient.
Furtherr ~e, the time of appearasnce of these parcels ¢f heated air vas
random. 1.* beight to which they rose and the course they toox
presumabiy depended on any laiger scale latera. motion of air and
entraimment of the cooler surrounding air. The existence of parcels
of hemted air vould seem to imply the developeent of hot areas on the
surface of the ground, the existence of the latter perhaps being
related to the heverogenietly of the surface layers of the Yucca Flat
s80il. The effect on any isrge scale disturbance tranamitted by the
air would thus be & function of the density distribution of the parce.s
of heated air, i.e., sn average tempersture defined ty the density
distribution which in turn may be related to the effect of the parcels
of heat=d air, It should be exphasized that the above interpretation
is conjectural and is an attempt to try to formilate a plausidble
explanation of the reagults.

.2 SHOT 12

L,2.1L Water Line Station. No air-temperature data wvere obtaled
for this station. The Heiland record showved that of the five air
texperature channeis, two indicated excessive electrumegnetic picloyp
at shot time, although the galvancmeters remained undameged. However,
no galvanometer traces could be found for the other thres channels
after zerv time, indiceting thet the galvanameters were burnt out due
tc excessive pickup. Unfortunately, despite the shielding and use of
twisted cables, strong electromagnetic picaup resulting presumadly from ,
the ug® of long lengths of cable (about 2,000 feet for each channel) _—
prevented succesaful measurement of air temperstures at the 1,000-foot
station on tbhe water line,

4.2.2 Asphelt Line. A* the 1,000-foot station, no air-tszperature
data vere cbtained. PYor scae as yet unkncvn resson it appeared that ths ,
delland reccrder was not i{u operatioco lust prior to sand during sbot = .- :
time. o

At the 2,000 - foot station, the Heiland record {ndicated that o
there wvas no galvanometer deflection for all tbe air-temperature channels.
This result may be due to eiiher the air tesperature remaining cocstant
throughout or the diVats being inoperative during shot time, It ‘=
aimost inconceivable that the air tempersture remained sensibly un-
changed during and risat after zero time. On the other hand, if the
&spirstors vere inoperative s that no alr vas deing drewr through the
Fivats during aud ifumediately afier shot iime, any rise in aj.
texperature would not be recorded. Howvever, there ws n> way of
checking for any faliure in the aspirating system. At best, from the
records cbtajined at this station {t vas inferred that po alr tempera-
ture data vere cbtained. On the other nand, photographic mmsulla,
vhich will be described belov, indicated probable high air tespers-
tures at this stationm.

5.2.3 Deser’ lLine. At the 1,00C-foot station, again no air-
19
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temperature data were cbtalied. The Helland record iudicated that
the peper drive mechanism of the recorder jammed momentarily during
and for a chort while after zerc time. Ag a result of this jamning,
the trsces of the galvenometer deflections were virtually superposed
a8 to make reduction of the data impossible.

hoa.bh 2,000-Foot Swation. For the desert plot, no air temperaturs:
data were cttained. Again apperertly for same unknown reascrn, the
fHeiland recorder was pot in operation Just prior toc and during sbot
Lime.

At the organic s0il plot, the alr temperature deta was inadver-
tantly lost in the photographic deveiopment of the Heiland record.

For the concrete, ivy, fir-bough mnd wood piote  the als tempora-
tures above amblent are shown in Pigures 4.5 tnrougn ».C, respecti—zly.
I Mgares 4.7 and 4.8, the mexirum air temperstures for scme clevations
were not obtained because the galvanometer deflections were off scale.
Bo pesitive indicaticn of shock arrival sppeared on the air-tempers-
ture ghlvenameler traces. However, the resulls for shock srrival time
obtained by Stanfoed Research: Institute (SRI) at 2,000 feet from
ground zevo v Yke desert line and at elevations of O and 3 feet above
grade was 0.452 seconds. This ie indicated in Figures 4.5 through 4.8.
Air texperature data following shock arrival are considered unreliable.

Exapingiicor of Flgures L.5 through 4.8 revesl & rather unusual
result, in that ihe alr temperature at all 1 i/2-foot elevations
generally abhowed significmut Increase only at much later times than
thase at other elevations. It sbould be stated that the HivVats
mounted at the 1 1/2.¥oot eievaiion at each station pointed in a
direction 150 degrees from those sounted et all other elevatioms. Tt
does not seem possivle thut thls srrangemwent of mounting Hivats on all
towers coudd be responsihie for the unusual time history of the air
temperature at the 1 1/2-foot elsvations for all stations. By
coincidence, the sdr-tespemiuce measarements on Shot 4 aiso indicated
sopething unumusl at the 1 1/2-fooi elevation, namely much lower
woxirmus temperatures than at either the 1/2 or 3-foot elevations. OCn
the other hand, the RiVaig at the 1 1/2-foot elevation recorded air
temperatures above ambient over a much longer period of time than at
magt of the other elevations for all stations.

A somevhei meore interecting observation is that the meximum air
tegpersture apparently increased with elevations, at least up to about
10 feet cn all these stations. This is very striking over ivy, fir
boughs, and wood, although perbaps not a totally unexpected result.
in the case of concrete, it is difficult to explain such an increase
in maxizum temperature with increasing elevation. However, the
tesperature gradient over concrete is much smeller then over the
other plotz. A tentative explanation is that the results are strongly
suggestive of fleming over the latter plots. Presuably, absorption
of therml redietion by the materials in the plot could cauee repid
relesas of highly comdustible geses which subsequently can ignite
in air apd thus produce fleming.

Another interesting thing is the rether short duratics of recorded
high air tenperatures. Thias io apparent for moet of the messursments
o &1l plots. ‘The rapid drop in temperature to ambient which occurs
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appreciably prior to shock arrivel appears to dbe samevhet i{nconsistant
with the Shot 4 results. This wi’l be further dlscussed delow,

4.2.5 Gos Semples frow Irredieted Plots. In Tabls &.1 the
resuits of the chemi-~al analyéis of the ges smples obieinsd over the
five plots at the 2,000-foot stations wre ligted. The analysis was

TAELE 4.1 RESULTS W AHALYSIS OF GAS SHNPLRE IN
VOLUME PER CHWT OBTATHED IN SHOT 12

T T T T
l"’”‘” Tr | Ivy | Wood | Asphalt
o
By
[
cR, g
C2Bh ;
unseturataes s
l
aQ, 20.1 20.% * 12.8 18.7 19.2
.
L 79.9 79.5 | 87.2 81.3 | 80.8
— i

*{Ly difference)

parformed by the Army Chemical Osntar. The abosence of products of
oxidaticn or cambustion, such as CO and COU,  is scmswbat surprising.
Itmudnammlou;mwa: he analyeis failed to
quantitatively detect the presence of these products.

In the case >f lae ocxygen coatent of the gas ssmples, the reaultis
{mmediately suggested removal of oxygen over the lvy,wood, and aspbhalt
stations by soms process such as camdustion or flaming. On the other
hand. over the desert and fir-dbough stations the oxygen content was
not different from that of normal air. This is to be expected for the
desert station vhereas for the fir-bough station cne would expect
results similar to that over ivy and wood.

k.2.6 Pbotomic Results. The photogrephic filme fram the
cuneras at all the ;, 000-foot stations were fogped beyood sny poesi-
bility of obtaining photographic records at thess locatioms. Although
aedsures vere taken to shield all camyras frvy prompt redistiom,
apprarently they were not encugh to rediuce fogging dwe to jeampt redistion
as well as that due to & high gaame field after shot time. In fuct, early
recovery of these films could not >e made becmuise the camere sisltars
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were very severely damcged, making it ‘upossible to remove the cameras
within the t.ime slliowed. Therefore, recovery of the films and .aneres
vas made several days after suot time wvhen it became radiologicnlly
saf» to work in theoe areas for an extended period of tims. Icwiver,
the developed films were fogged to the extent that no photogrsgaic
insges wers discernible.

At the 2,000-foot stations, on the other hand, photogrep: ¢
records orior to shock arrival were obtained for all stations. Thess
are shown in Figures 4.9 through 4.1k. Certain genereal features arve
quite evidant in these photogrephs, nmmely, the proncunced minimm in
intensity prior to the second maximum, the buckling of the metal baffle
between the dark and light portions of the background target due to in-
tanse thermal rediation, and the evolution of material from the
irrediated surface between the target and c amers.

For the dssert, in Figure 4.9, photogreph 5, there appears near
the desert surface clouds or wisps of material being carried up into
the air. On the time scale this is estimated to begin roughly SOmsec
after soro time. Succeeding photographs show the times history of the
devel.pment of a rather tenuous and somewhat inhamogeneous distribu-
tion Gf these clouds. Furthermore, at acme atage of development there
is & suggestion of a filamentous nature of thie rising material. It
is believed that the latter concists of very fine particles deing
forced into the air by the explosive action due to rapid heating of
occluded air trapped in the minute interstices of desert agglomerates.
Buch repid heating of the occluded air presupposes rapid heat transfer

St of the absorbed intense thermal energy by the particles which comprise

-------

the dssert surface. Although the convective heat- transfer coefficient to
static air is gensrally mmall, the smmount of heat transferred per
unit volums of occluded air and per unit time mey be extr mely large
especially under conditions of very large surfuce to volume retios.
Por the saphalt, Figure U4.10 shows two sets of photographs,
each taken from a different camera but at the same location. In the
- 0 first cess the exposure wvas set at predicted optimmm and in the
N second case, & nsutrel filtsr wvas used to reduce the intensity by a
. factar of 2. Again, at about 7Omsec after zero time there appears to
et be definite indications of changes taking place et the asphalt surfsce
‘...’ and just above it. Furthermore, the material that is observed st and
above the surface sppears to be noticeably different from that above
... the dessrt. In fact, up to a height of about 2 inches from grads the
Beeees material sppears 1o be rether homogeneous, although at later times
this is pot 90, and it is much denssr than tha? cver the desert plot.
During the early stages of development it is difficult to decide wvhether
the matorial is incandescent or consists of particles releassd from the
highly irrediated asphalt surface. However, at later times it is
certain that the material is incandescent and flames can be seen in
the photogrephs. In fact, vigorous development of the flames appears
to take place up to the time of shock arrivel. Patches of smoke can
be seen which appesar dlack in the photo~-sph. presumably hecsuse such
# consists of highly absorbing mater. 1, e.g., carbon particies.
(Sote that in all photographs the 1ield of view extends to an elevatios
of anly about 18 inches above grede).
The photogrephs over the con.rete plot in Mgure 4.11 are some-
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vhat sixilar to those for the desert. The devslopsent o & cioud of
psteriel at and above the surfsce of the plot oppearsz to atart at
about 100 meec after iero time. The sppesmreance of the cloud in the
pactographe is very similar to thet over the desert; however, it is
pore ~opicus and dense than thatl over the lstter It is resavisble
thet smuch clouds would fore over concrete. One right axpwe: this {f it
vere asmumed that just prior to 2e70 time the comcrete surface wss
covered with & layer of very fins desart dust. On the other berd, 1t
is known from leborstory observaiions that irradiatiom of firsbrick
vith intevge thermal redistica will caues sjection of copious amomnts
of fine particles fivm the {rradiated surface.

For the fir boughs, the photogreghs of Pigure L.12 show the saxe
general phenamens that were observed over the other plots., Thus, at
gbout S0meec after zero time gt the eurfuce of the plot, wmaterial was
forced in:c the air sbove. As in the case of the dasart plot, the
clouds are fenucus and patchy. 1t is not possidlis to infer vhethsr
these cloude are mede up of Giecrete particles or concentratsd gesecus
or vapor emansationg. The photograsphs for later times icate vhat
appears o bs flsming, although deipg much less evident than over
the asphalt surface. In fact, it sesms that very little burming of the
fir boughs takes place and that any epprecisdble flaming would spparently
originste ir the clouds above the plet. is would suggest relsese
of comiatitle gases or vagors froa the fir boughs upon irrediatiom
¥ith subsequent caabustion and flsming in the pressnce of simospheric
oxXygei.

In Figure 4.13 the photographs obiained over the ivy plot ere
shovn. These are very similer to those over the fir-bough plot
except perhaps with only very sligbt indications of {lsming over the
ivy.

For wood, the photogrephe in Figure 4.1k exre very strikimg. About
80 msec aftar serv time "wisps" of material sppesr to riss from the
wood surfece. Then, about 30 masc later, 3 dark line sppears just
shove the surfece of the wod vhick later develops into vhat seoms
o be & mixture of flame ond smoka. The lstter bescomes oo axtsnsive
what the whole fi¢ld of view of the camera is obscured.

The photograyhs obtained over the soil plot have been omitted
because there was partial obscuration of the piot. However, they
eprearsd very similar tc those of the 4dssert plot.
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Figure b.2% Fuactogrephic Sequence over Wood Plot
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Chapter 5
DISCUSSION

It is unfortunats that no rexilis were obtaiped from the sir-
tesperature measurements over ithe desert, ssphalt and weter surfaces,
vhich makes {t almost impozaible to relate afr temperatures with
precursor formation. Hcwever, the results obtained cn Shot 4 end
those over the spscizl plots in €hot 12 mey be helpful in providing
somé insight into the neture of the preshock air.

In Section 4.1, based on the results of Shot &, a descriptica ed
possible explanation of the nature of preshock air hes already bean
discussed. It dces eceem likely that a gimiler description wauld
apply to presbock air over the desert in Shot 12.

Thus, the pbotographs in Figure 4.9 seem to indicate that the eir P

over the desert is not unifornly heated prior to shock arrival. This
implieg that there may exist pstches, filoments, or parcels of intensely ...
heated air distriduted randomly in only slightly heated ambiemt eir. L
Shock waves pessing through such mediuc. would therefore behave as if
passing through it at some average air temperature determinsd by the :
distribution of heated parcels of air. The photographic resulits over
concrets in Shot 12 appear to support the suggested cxistence of parcels
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of heated air. Thus, the air-tempersture measuremsnts indicate high

tesperature of brief duration, i.e., suggests pulses or parcels of
heated air repidly moving pest the HiVat. It may be argued that fins
dust particles, heated to very high tamperstures upon irrsdiation, end
wvhich could be a major constituent of the clouds over the desert surface,

......

may have been drawn into the HiVat and thus simulated high air t.upenhu%sw“.

of short duration. This is quite possible and, in ract, may well provide
for one of the mechaniems of rapid heat transfer to the air resulting in
the formation of percels of heated air.

From the photographs obtained over the asphalt surface, it would
seem that the air would be heated much more uniformly. The photograpts
indicate considsrable combustion and vigorous flaming over the asphalt
surface which should therefore heat the air abuve rather uniformly.
RFurthermcre, the gas analysis also indicates remnvel of atmospberic
oxygen ir rether significant amounts, thus supporting combustion over
the asphalt surfece. Unfortunately, the photographs do not show the
entire vertical extent of the flmming. A congservative estimate of the
tezperatize in the flame and the air immedietely abcve it would be of
the order of 1,000°C (inammich as most organic fuels yield flsme teaperatures
of sbout 1,000 to 2,000°C).

The similarity of the results for the concrete, fir-bough, ivy
and wood plots suggests similarity in the nature of the air above
the plots. The results for the coucrets plot have already been
discussed. In the cese of the ivy and fir bough plots, spparently
very little or no cambustion takes place at the surface of the piots.

It is suggested that gsseocus omanations released by the intense
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irredistion of these plots rise into the air sbove in patches oxr pa&rcels
which then absorb the incident rediation with possiule subsequent
cambustica apd flsming. Such a mechaniem could well explain the high
air temperatures of short duration observed. There doas not sppear to
be any other mechanism vhich would bring about uniform air Lemperatures
above those surfaces. The gas analysie indicates considersble com
busticn taking place over the ivy plot; howsver, over the fir-bough piot
the oxygen content remeined normal. The lstter result could be explained
by assuring that in the region where the air wvas being sampled, little
or no combustion took place die to the randcm nature of the gaseous
amsrations Orou the f£ir boughs. In edditiomn, the meximm alr tempsre~
tures cbeerved are of the order of those expected in combustion of organic
fuela.
in the case of the wood plot, agein, sccording to the gas analysis,

appreciable combustion tskes place. Presumably, oxygen 1s conmuomed in
the burning of the surfuce layers of wood as well as cambustioo of say
gasscus, ignitable masterisl releessd fron the wood. The photographs
seem L0 indicate great quantities of a mixture of smoke and flsme, which
however, & not have the appearsnce of being steady and peraistent as
over the asphalt surface. Thus, the msasmued air texDeraturss 8o not
indicate any uniform heating over the wood piot, mich of this being

. dus to the relstively saall size of the plot as compered to
over the ssphalt stetion.
The above discussions are by nc meens intended to be conclusive
viev of the limited dxsta ocbiaived. However, it is felt that the
above represent a possidle qualitative dsscription of the nature of
pre ehock alr sbove such surfaces irredisted by intense thermal radistion
from muclear detonations.
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Chapter 6
CONCLUSIONS and RECOMMENDATIONS

5 It is fe2lt that the method of msasurement of air tesmperatures
# reported here is a relisdbls cne. ‘Therefors, \he recorded temperatures
& obtained in this operatio: dc indeed indicats air temperatures st the

locations of each instrument. ‘The high tempersturcs obtained are some-
¥ vhat in keeping vith the resuits of previour test operetionz. However,

an important difference has hHeen oteerved in the cime--tempersture
history of the heated air prior o shock arrival. The recorded high
air temperstures of very short duretion are indicative of merked
inhamogenieties of ths heated alr. The existence of patches or
parcels of heated air has deen postulated (v account for thess obser-
vations. The effect on sny large scrle phenomeron, such a8 a shock
front moving in such & medium, sbo:ld therefore be related to samm
aversge temperature defined by the disiribution cof thess parcels of
heated air.

Despite the limited success in the measurement of air temperature
over varicus types of terrain, it is felt ths* the equipmant and
technigque used in this operatior are well sui+asd for air temperature
msasurements especislly in view of the satiafactary reailts obtained
on Ghot b. However, in sny future measurements, utmost consideration
should be given to the poesidility of slect—omegnotic pickup intexrfer-
ing campletely with the msasurements. It is further suggested that
other relisble methods be considered which will semple the air moze
extansively than the above in order that locel inhamogenietise will 'w
svereged out in the msasurement.
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