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ABSTRACT

Under certain atmospheric conditions a oloud of water droplets will

form when an atomic bomb or a large amount ($ 1000 tons) of TNT is detonatedO

These oondition8 are disoussed on a semiempirical”basisand two experimental

verifications

10

2.

of the theory are Given:

l!heexplosion ofz3000 tons TNT over waters

The July 16 nuclear test at TrinityO
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GLCWD-CHAMW3 EFFECT IN LARGE EXPLOSIONS

Under certain atmospheric oonditi.onsa cloud of water droplets will ‘

form in the region having < 15 pst overpressure when an atomio bomb or a large

amount of high explosive (~ 1000 tons) is dctonatedY Assuming an empirioal

formula for the time variation of pressure exerted by the axplosion, it can

be prediwted that water vapor will condense an the suction phase and a fog will

forms providing the relative humidity is greater than 85 peroent and there are

available sufficient nuoloi on vhioh condensation oan occurO The lifetime of

the aloud increases with the relative humidity of the preshocked air and the

energy @f tho explosive~ as the blast tonnage inmoases, the duration @f the

prewxare pulse and suotion phase izmreasesO nziintainingfor a longer period the
.

.

conditions wh50h are favorable to condensation.

time on the blaat tonnage probably acoolnxh for

aomdonsation effeot because the enormous number

off in explosives experiments were mall (< 10

This dependence of the uloud life

the lack of information on the

of oharges that have been set

tons TNT).

Booause of the oloud=-chambereffect it is possibloo providing the

v~ s eoial conditions mentioned above are met. that by observing the region in

the vioinityof the bonibimmdiatelyafter it haa explodedwe can get a rough

moa8ure of bhst performanaeo Sinoetho oondonsation phenomenon is oxpeoted to

oouur in the region of ~ to 10 psi overpressureo it may offer some measure of

blast pressures which are in the range of military importanoeo Although the

formation of a cloud in itself has a limited military application in the pro.=.

duotion of a oarrier of radioactivity~ it must bo considered quite seriously in

pl.aming tests of atomic botis. A fog blanket would~ for example, make.

.
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it impossible to make a continuous observation on the performance of a ship in a

blaat.

The first part of

chamber effect. The eecond

for the effeot.

1. TBMIRETICAL DISCUSSION

Before describing

,

this report deals with the theory of the olou&

section is a discussion of the experimental evidenee

the effoot indetailo it is pointed out that its

interpretation depends on the following threo factorss

(1)

(2)

(3)

the pressure.vs.time and premnar~va.distanoe relationshZp6 for

explosiTeo

the relative humidity and air tasperature prior

the degree of supersaturationrequired to oause

dust and other

Information of the

presenoe of the groundo The

te detenationa and

condensation of

moleio

type Msted in (1) is not ava$lable in the

reflection phenomena whioh ooour beoause of the

ground foroe a semi-empirioal approaoh to this problem. More experiments are

probably desirable in this oonneotion. The relative humidity and air tempera.

ture oan be obtained~ even in military target areas. to within about 1 percent

and a few degrees respeotivelye Item (3) oanbe settled by an appeal te

experimento

In order to 6ee how tho ’oloud.ohambereffect operatcsa let us coti

sider an expandi~ blast waveO The blast wavo proaeeds

ori@n heating the air irreversibly as it expands. The

reached in the blast wavee the greater the irreversible

from the region of its

greater the peak pressure

heating to be oxpeoted.

Indeed, iftho shook ha6 8 the irreversible heating whioh
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re6ult6 is great enough to

pha8e$ thus preventing the

At some lowev value of the

ovorosmpensate the temperature drop in the suction

air from ever dropping below its unshooked temperalnu%

shook pree8ure0 the drop %n temperature due te the

subsequent adiabatic expansion beoomes greater than the temperature inereaae due

to irreversible beatings causing the air tw drop below its unshoeked temperature I
“forsome period of time in the suction phase. As the peak overpressure beoomos

progressively less in the expanding

diminisha and in the limit of small

reversible: the temperature returns

pamldo

Mwconsider the uase in

In view of the above we win expeot

wave. the irreversible temperature imreasea

uhanges in pressure the situation becomes

ta its proshook value after the pulse has

whioh the unshooked air is oanpletely saturated.

condensation te occur first at that value of

peak overpressure whioh is followed in the motion phase by a drop in temperature

sufficiently far below that of the unshooked air ta oause the degree of super.

saturation required for condensation to ooour~ We should therefore expeot tha%

an observer at some distanue from the event should see no condensation out to a

given radius. From th!s oritioal radius (oorreapondingto a oalaulable value Of

the peak pressure) and outwards to a d!istanaewhich is again determined by the

degree of supersaturationneoeseary to oause aondenwationo e olcnadis expeoted

to form.

If the air is initially slightly less than the saturated~ the pQint

at which ‘bhooloud starts forming will be somewhat more distant from the point

of detonation~ the oritical radius occnzrringwhero the minimum temperature in

the blaat wave is somewhat below the unshocked temperature. The radiua at wh%oh

the aloud forms is thus seontebe related to the 8hcwkpre86ure and the relative

,
\\\!mwm
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humidity in the region of interest. I
We now oaloulate the’conditions under which the cloud forms. assuming

for simplicity that the degree of supersaturationrequired to oause condensation

is negligibly smallo

For purposes of this report, we assume the empirical relationship

between overpressure and time for ordinary high explosive~o

Cnat
p(t,r) =po[r)(l - t/Toje

where t = time in milliseconds meas~ed from the

&fronto

p(tor) = overpressure~

time t and at

(1)

time ofarrivd of the shook

ps$ (exoes8 over atmospheric pressure) at

diatanoe r from the explosion.

P@(r) =initial overpressure~ psi

To(r) = duration of the positive pressure pulse in mill~seoonds.

a(r) = milliseeonda
-1 a constant fixed by the observed positive im.

pulse I where

J

To
I=

o
p(t)dt

For air the ratio of spsdfio

p3/po {absolute pressures) is givenby

‘1 =6+
VT +Y+

.

‘O1mea%’”0 ina shook of strength

(2)

where y = P1/Pe andYv the ratio of spmifio heats, equals 1.4. SinOe air in

the region of interest ( f 10 psi gauge) naybe treated as an ideal gas the

ratto of tempcmatures in the shooked and unshoolcodregions is given by
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where T1 = absolute temperature immediately behind the shook front

To = absolute temperature in the unshooked regiono

The e~pansion after the shook is essentially adiabatiu and therefore the time

.
var$ation of aS& temperature during this phase is given by

(4)

where p(t) maybe obtained from the empirical relationship (1).

We can nownmke use of the temperature time relationship obtained

byeombining (1) and (k) to determine the peak over-pressure at whiehto expeot

condensation h moist airo until condensation ooour~o the water vapor oontenb

of the air represent6 a thermodynami~ally unimportant element of the 8Wtem$

eOgOO 1 meter3 ofairat

saturation. Under these

3XEMISof water per meter x spooifie heat of water
mass”of air per meter5 x spcoi o~ ‘w= ““4’

!l?horefore~we can consider the situation prier to oondeneation aa dealing

with dry air whioh has the simple eqution of state

.

.

F = maRT

where p = absolute pressure in psl

v = -volumepsr na ~1@8

T-w = temperature in %

R = gaa constant in mixed units

(5)
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It is clear that the liberation of!energy due to condensation will tend to

doorease the amplitude of the suction phaseo This diminution of the suation phase

does not affeot the point akwhioh condemnation starts. but

M.fetime or the density of the oloud or both and henoe make

phenomenon more difficul’%

In order to get some idea of the magnitude of

whioh enter the problems data from tw.ton and four-ton

weight) wore uied to determine the variou8 ~onstants in

10, 6, ad4.psi

pound of TNT are

the

it may decreaae the

observation of the

various factors

blockbusters (nomina%

equation (1) for the

pressure Ieveleo The values of theso oonstantm scaled to 1

summarized in Table 10

TABLE I

Iw!taal Peak OverpressureO Positive Impulse and
Phase at Sehoted Distanoes froma Onedbund

P. R It

4 1604 l+05 301

Duration of the Fo8itive
Charge of TNT

I/a

-a
min%wm!l

1035

2033

2094

Fig. 1 shows the exae8s pressure vs~ time and the temperature

vs. Mme for the &psi pressure level assuming an unshmked temperature of SO*A

and an unshocked pressure of 12.6 psi (approximate Trin$ty oonditione)O The

ourves are tisensitlve ta changes in the uzmhooked temperature and pressured

Fig. 2 is a plot of’

funcMon oi Mkial

the maximum d$op of

peak overpressure.

temperature in the suotion phase as a
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irrovorsiblo heating is suffi~ient to prevent oooling below the UKIShooked tom-

psrature intho suotion phaso and that the musimum oooling tu3° oocurs around

&p6i peak ovan=pessuro. Both ourves are for dry air aud in view of the abeve

simple aaloulation which shows that the effect of uncondensed water is negligiblob
.

these curves aro valSd for humid air down the point at whioh condensation ooourIIo

Referring to tables (HANDBOOXOF CHEMISTRYAND PHYSICS)of the

relative humidity of 83%(at

oxpcat oondonsation~

For saturated air.

2gOgA.)iti a lower

Fig. 2 tejilsus

and 287°0 wo find thaiJan in~tia%

limit on tho value at whiohwe oan

that oondoneation will start whoro

tho Anit$el peak ov~pressure is slightly loss than 10 pat. In the ease of

inttially saturated air Fig. 3 Ss altered in tho region between tho points

marked 1 and 20 Fcr dr wh~oh Is I.utttallyless than saturated the ourves are

taltemd ti some narrewer region. say from 1° to 2Q0

As8umlng no oondensatio~ tho time during whioh tho temperature is

bobw atmosphorio at the &psi 10VO2 from 1 pound of TNT iS NLO miU3sooondS0 I
Sealing up to a ~OO&ton explosion this time beoomoa ~ 2 ssoondso In view of’

this great duration the oorreotness of the adiabatio assumption (~) may seoa

questionable. HowevwO the extent of tho blast uavo in

by the samo faotor and it i6 considered rea60Ubh that

are suffioietily reduoed co that heat transfer is mall

ally adiabatio~

spaeo is also coaled up

tho temperature gradienta

and tho condition is essenti

I
As was indiotikd previou61y0 the heat liberated by the oondonsing water

will tend to diminish the density of’the cloud and its durationo Out to tho

radius at whioh oondonsation firs$ aoour6~ tho pressure.timo ourve is unchanged

—
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from the dry+ir pressur~ttie ourveo Zt is reasonable to assume that in the

region of

rough way

tg make a

the oritical radius~ the amount of condensation

by considering the dry air pressure. time ourve

Even if the oondenaation in the oritioal region

can be obtained in a

to be oorrec%o

proves to be sufficient

visible oloud~ observation of this cloud is limitedby the faot that it i

not possible to see the inner hole after the oloud has formed.” liowm3r9 we

only need to know the position at which condensation started and if it is

visible it aan be observed quite accurately MAth a fast motion-pioture cameraO

IncidentallyO it is not expected that the ball of fire whioh -wasobeerved to

have a diameter of -100 meters in free air over Japm would interfere eitho%

with the ocourrenoo or observation of the fog sinoe its

# ~ meters and greater.

Wew211 now caloulato the expeoted density of

region for a system ~~oh ieiinitially saturated (The

fer other than 100 peroent relative humidity is clear.)

thermodynamioso

%“

where ‘&Q equation of stato of’air saturated with watwr

and T = absolute temperature %

L = heat of vaporization of water
z

expeoked radius ia

f’ogin the oritioal

modif’ioationto be made

From the first law of

[6)

vapor is

v =volume in met6r87 oi’system having an initial volumo of

1 meter3

APPROVED FOR PUBLIC RELEASE
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3 at~tmospherio prassure prior to thena = moles of mir in meter

arrival of the shook wavoo

~=moles efwater inmeter30

& = 8p6Qifi0 heat

cw = Speoific heat

and use has bee.umado of the

the Suotion phase

dT/dv ~ AT/Av

per mole of airs oal/&olo~

pm mole of water, oal/moleO

f’aotthat nw6w<< naCaO For the small dmnges in

{8)

Av is obtainedoby assuming the adi.abatioIuw for dry aixO

pv~ = cOllstan’t [9)

By using (6) through (9) tho ohange in temperature is ualaulated.

The weight of water oondensed per meter3 is then obtained as the difference

between the

re5ult6 are

Ctinditionat

3gm/mdxn- of water

summarized below.

in saturated air at *he two temperatures. The

T =2gOeA~ initial pealsoverpressuro =4 psi

v =1 meter32 &v = &026 mwters5

&0339 fdmeter3 =mmter vapor oontent at 6aturation

&T. ?09%, AT (for drya~r) =+%

Result: 3~ 1 .&motor oondcmaes outs

We aro now ha position to discuss whether the condensed vapor 8hould

be visible as a oloud~ Acoording to Napier-Shav/~ a oloud of fog which Mnvera

/visibility to 120 ft can acco~any the oondonsatko.nOS 008~ grams meter~. Sinee

an ostima%ed maximum of’ 4 1 gram/meter3 oaa form into droplets for an atmosphere
———- ._.._ . —
* Shaw, Napier, Wnual of I’dcitoorolegy,Vol. 111, p. 3

@Jw!M$fF/w” -
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whieh %~ init%ally m%urated with water vapore tho prospect of

oloud sharp enough to measure to within 120 ft is mwgimal and

obtaining a

IQUBtbe oheoked

experimentally. Some experimental ev$donoo Ss alrady available for the

formation of a cloud wk.n 3000 tons of TNT exploded on the surfaoe of the CXJeano

i.eO with almos$ saturated air initially. Th5a TNT explosion will be discussed

la Large TNT explosion rittScia.

on December 29$ 19tiat 2:20 PoM08 100al timo the Liberty Ships

U.S.S. John Burkoo laden with 3200 + 200 tons of high explosiva was blcwvn

up by a hnikazo pilot in the Surigao Straits off Fanoff.nIsland in the
t

EhilSpimeso The inoident was photographed in uslor bya medioal officer tie

also saved as ahip~s asmeraman aboard the destrayer UOIS.SQBush. Tho reoord

is of interest te U8 hero beoauso the formation @f a oloud cnd its evaporation

was observedO previdhg oxpertmental evidenee for the oloud.ohambor effeot~

with a fifty-foot magazine and a standard

d 1.90 The fooaS.

tho standard value

frames per second.

length of the lens was

for this model cwserrn.

No are re%ying on the

regarding his wnuera bacau6e all hia rooords

non.telsphotg lens with au f-value

given bythta Kodak CompazIy as 25 MIU8

The camera fspeodused was sixteem

oameraman$s memory throughs~k for details

& addition tiedata on the camera.

didxmoes involved made by the camauwmm and

were lostO

YW breveestimates of the

tho Coniindor of the Busho The

oasueramm eetirmtcm that his di6tanco from the Burke was 3.000 yardsg the Corn=

!Bu9r U1.!clmq-----,.
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maader estiratos it te be &bout 3.500 yardso Sinew the cameraman wa; net partiou-

Iarly experienced in those mattero we will discount his guess. The (kxnmandermust

be oensidetredas fairly reliablo booauso suah estimates are important to the

oporation ef his shipO Estimates were alsQ given for the maximum sizo of the

condonsed oloud but those must be ao~sidored an less reliable than the dista~o

estimatea”because the need for making 8uch sizo estimates $6 much leas frequent~

In additione sinoe the eizo and shape of tie oleud we constantly ohanging th~

meaning of %aximum 8izen iaanot alearo For the reoord~ howovoro we nete

that the cameraman estimated the maximum diameter of the oloud to”be 7(30

yards and the Commander estimated the maximum diameter to be somewhat 10S8 than

1.OOO yard8~*

1% was observed by the oameraxnsnthat the oamera sheok when it was

struok by the air blastO By aountingframos from the instant ef tho uIxplQsion

te tho timo when the camera was evidently ~arredo as ●videnodd by a blurred picturec

and using a nominal frame speed af 16 frames/aea a vdlue oan be-obtained for

tho tima roquirod far the 8h0ck vmvo gemsrated by 30200 tons @f TNT to travw~

from the Bushto the Burke. Framo 1~ aftsr tho camera oatohe6 the speotmle

shows suuh a didaarbancee It is not pgssiblo to &owpreois@ly at whioh framo

tho explosion 8tartod be&uae the camoramam evidently started photographing the

Burke a short time x1/5 @econd (43 framea) after the explesion ocourrod.

Thi6 is net a serious correction in view of the relatively great length of

time, 11 secondsa required for the blast to traverse the distanoe fr& tha

Bush to the BurkeO The distanoe as raslsonodfrom tho tima of travel of the

~ There im soraoccmfu$ionas to whether diameter or radiutais reforredte by
theaa witnesses. Sinue it is mere rehsonablo in judgiagtho size ofrn~ objeo~
t~ give an edge-iio.adgedimensioua we till asaumo in tho face of this uucertaiaty
that the dhmter was estimated.
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of the demo at frarns20

VQ~OOity of souado t~kea a8

13.00f%eao ●The value se obtairmd is a lower limit beaause a plot of the radiu8

‘aaa fiction of fraxmrnumber is described by an equation

r = ra + M (me FigO 3)o consideration of all this data

relaticxmhip

of tho form

and the simple optiaal

#

pcfL
t

objeot distarma

fooal length (25 mm)

leads us to ths conoluaion that the distanoe was >3400 yarda. The distanoo

from thoBush te tho Burke will bo takomas %hatcomputod from the shcdc velocity

and time of travelo

.
‘“4500 yards10*J3 P
=

The Commmder Qs

of the oomputed distazme~

dome was ti1100 yards.

estimate @f the dl.stancois in fair agroemea~9 80 poroent

From IZq.(1) the maximum diamwter of the hemi~pherioal

●

.

.

.

4!m-
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Frame 1 - The explosion is almost off the
frame at tho right of the picvhmx
Condensation is evident and flame
is wisible. The original aolwr
pioturo shows the flame very

T=.2 8- alearlyo For referonoe notice the
dark lin~ in the oloud bank be-
hind the explosion.

/
.

Framo 2 - The entirs explosion is now tit.
blo. No&e the marked asymmetry.
Twa clouds of about the same

.,

T=

S$ZO ma be seenO a white oloud
in the Xower Ioftand a reddish-
wh~te oloud in the upper right.

Frame ~ . The fog now covers the explosion
except for some wh%te and Maek
knob-like masses around the
hemi$pheriual domeo

T~4 see

L

Framo 7 - In this framo the shape of the
oloud seems to indioate the for-

T& .5 8QQ ation of a oylindrioal ring at
the ba8e of the hemisphere.

Mstanoe from camera to explosiwn; 4~500 yards
Horizontal soalea <+.—

WmmgFigo LO &plQSiOn Of UOS.SO John Burke I
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Framo 8 Exoept for the straight sides the
feg is now roughly hemisphe~iea%..

‘1! 06

IJtKIASlm

Frame 12

?!= 08 6aQ

.
v

Frame 18

T 90- sm

L

Frame ’29

At this #tag@ the explosion is oom
pktely obsoured by the oloud. me
boun&arie8 of the oloud are quite
sharp (< 30 f@O X’btothe spray on
the surfaoQ of the OOQane and the Mak
of huge surface wavcw.

The oloud is now losing its hob
spherioal shape and oloan-out edge80
The top of the oloud has merged tiith
the olouds present in the atmosphere
befero the explosion.

I
TMs frame shows the cloud as an

are barely distinguiskbleo
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Frame 53

T =303 Eeo

.

.

.

.

,

.

.

Frame99

6.2 8 m

I

I
~ The olcmd han now grown uo that
it extends outside the aamera
field.

As the oloud evaporates from the
surface of tho ocean up~ we oan
see the inner holaoaust and
VEir~OW pr(ljWti~e8 whioh ~o~
prised part of the cargo rnhoo%ingl
intO the a$rO I

The oloud oontinuas to rise dis~
clostig a tremendous smoke coX-
umn whioh tops what appears to
be a water spout.

I

Frame M+ This last frame shows the cloud
essentially evaporated. Although

T =11,5 80@ not visible here~ the origina~
piotwrws reveal missilas now
dropping baak to the sea wlutuh
wero originally thrown into the

[ air by the eXp108iV00
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IMscus8ion of Results

We will now comp~re the observod oloud.chamber effeot

theory of.seation L Aoaording to the theoretical calculations

oa~ms when the air beoomea very sltghtly supersaturatedand if

with tho SiUlphl

if oondensatioa

the air is

initially Saturateda a

whioh tho overpremnnw

with ttise prcdiction8

uloud should first form at 550 yard6V the di8bmcQ at

dropped to 10 pste The observations are notiinoonsisten’t

for ~ 3000 tonu TNT but unfortunately they are sOmOWhat

incomplete bet$ausethe beginning of the explosion was not

frame 1 and oompare with frstmo2)~

It was discovered in the preoesa of abstracting

photographed (see

the data that the

radiua was a linear funotion of timo r =&. +vt$ in the range inwhioh data

wan available Tho reason for &o> O oanbe seen in tho following qualitative

way. A blast wavo from an explosion travels a oortain distance before developing

a suo%ion phase. This distanoe is traversed with a volooity muoh faster than

soundo As the wave procoeds a suction phase developa9 and the pressurs..time

ourve crosses the taxisand falls below its prcshook valued The point in the

bla8% wave whioh sepmates po8itive and negative gauge pressure~ travels with

the velooity of sound in the shcakod and heated air. From the distanso at whioh

it oaouristhis “sonic pointn whbh indicates the onset of r~refaction~ Uooling$

and eventually oloud formation$ travels outward with a veloeity whioh asymptoti-

tally approaahas the velooity of sound k unshooked airo lHgO 3 hiicates that

th~s limit is praoticdly reached very early in the expansion and hexme that the

initiai higher velooity phaso is very short compared to the observed lQ=l/4sem

period of expanaion.

From its formtionts it6 eventual evaporation MO oloud persisted

.~

uW’M\f\w
.+
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for la Seoondso men it started evaporatingafter 3 swondso it did so from the

surfaoe of’the

have prooeoded

iaverse manner

ooean Upwarduo It seems reasonable that the evaporation should

in th$s direotion because the rate of evaporation depends in an

on the initial relative humid$ty of the surrounding air~ TIM

absenoe of a low fog and the presmse of clouds higher up indioatos that the

humidity aotually inoroased tithaltituda and was somewhat less than saturated

near tho

Mfatirno

indioate

surface of %hewatoro Very little caube said about the expcotcd

of the oloud sinoe the aotual humidity was no% known and the rcmults

that the lifetime is a eonsitive funotion of tho humidity~

The shape of the cloud suggests the forumtion of a Maoh stem. HoweverO

a oomparimn of the height of the Cloudgs aylindrioal section wfth the distance

from the explesion indioates that the straight side is far too short fer this

ts be an example of the Woh phenomenon. The ring may be

the hull of the ship.

In paasingo M might alsa be mentioned that tho

a shape effeot due te

waves produoed by this

surface explosion wero small (~ 5# ft) in the vicinity of the ship (~500 yd8)
u~otiy

in/aooonianoewith an invmtiigtition of Fermey and Shiapir@O

11. I?uulearExplosion at TriQtyO July 16, 1945

The insidenoe of heavy rain in the night prior to the July 16 test

left a few strata of high relative humidity in the air above the bomb. Three

aonseoutive piotures, Figs. so 6$ 7, obtained by ?dack~sgroup indioato the

formation of olouds by the blast in these regions of

HubbardQs group found (IA-357) that there wera three

than 95 percent between 4and 7 kilometers and noted

high relativo h~~ity.
,!>--. ..

layers of humidity greater

tkt condensation ooourred

I * This is an es%imato made by inspooting the piotures in this repod~

uNclAssl~
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in these three layers as the shock I%ravepassed throughO Two of these layers

are visible in l?igso6 end 7, taken 3.2and 25 seootidsafker detonakione The
.

awrage velocity Of the blast wave over these great distances is praetioally

the velooity of 6ound, 1100 f%/sec as expwted for weak shooksO In order to

make the clouds visible in these pictures, the photographic group fouud it

neoessary to adjust the printing time end !*burnltthe clouds ino

The peak overprassure at 4 kilometers above the explosion was

calculated by the IBM to have beenW006 psi. The maximum suotion was 005 psi

azzdit oo.rrespoudedto u mmhmn drop in temperature of@3° C bebwthe pre-

shock temperature A relative humidity in the neighborhood of about 90 peroent

is sufficient to oauesupersaturation under these conditiouso This agrees with

the obsenationso The effect of the ground on the blast wave is not expected

to alter these rough eonsiderations~

Other Evidence

AU examindica of tho Color f.i.hukdcena few seconds after the

Nagasaki drop indioatea the formation of a barely visible cloud whichtraveled
fn-&AO\y

out from the explosionO The huddity conditions were(such that the

an extremely short lifetime and henae existed only in the immdiate

hood of the suction phase of ths expanding blast waveo

C~OUd had

neighbor-
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Fig. 8. !CMs oolor photograph was taken by Jaok Aeby about 10 6econdB

after detonation. Two cloud layers are visible. Color piotures
taken a fow aeoonds earlier and later do not show suoh clouds.
indicating the ocourrenee of the cloud ohambw eff’eot~ The
picture is not retouohed.

i-
.
f.

!

I

I

1

,

I

1

’248

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



. .

WKLASSIFIED
.,

‘. .M@ASSIFIED
-. . .

!.

. .

w-”-”
~@G---

-.
8.1

,, ‘% ,;: ~,. .

i?wm!l

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE


