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ABSTRACT

The meohaniwil impulse meter measurements give for the July 16th nuolear’

explosion at a point 1200 yarda away and ~’ above the ground9 a peak pressure

of 9.4 psi + 1~ peroentn an impulse of 1~~ pEJi.seo-I-6 permnt and a po8itive

duration of the blast of 065 see + ~ peroeu’b.

.
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JULY 16th NUCLMR EXPLOSION: UELfNIcAL IJWWE GAUW

In planning measurements on the first rnmlear explosion it was suggested

that there was a possibility that electrical disturbances coincident with the

explosion might make it impossible to obtain measurements of the blast by the usual

pie&=electrioal methods. Therefore. mechanical gaugea of four types were made

redy for the tesk~ These were the aluminum foil boxes, piston pressure gauges.

an impulse gauge of English desi~$ of which one was built but not used. and an

impulse ~;auge(squirt gux type). The design and use of this last gauge is the

subject cf this reporto

In the design of this mechanical impulse meter it was ay’sumedthat the

amount ef water flowing through a tube is some function of the pressure difference

between the ends of the tube. If a meohaniem can be devised te measure the rate

at which water

aaltbratcda it

positive p“mse

flows through a tube au a function of’timeO and this devioe oan be

may be used to measure peak pressure~ impulse and duration of the

of the blast. Suoha mechanism is a cylinder filled with waters

with a piston at one end and a plate with holes at the othero The position of the

piston is indicated by a rod from the pi8ton thrcmgh the plate with holes. The rod

oarries Q 8tylus whioh marks a rotating smoked-glass dlso~ The oylindar ia mounted

m the side of pn air-tight dural box and a motor oarrying the

mounted in the box. Details of the arrf,ngememtmay bo seen in

(Figs. 1, 2$ ~. & and ~).

glass diss i8

the photographs

Calibration of these instruments was done with a blast tube of two one==.foot

seotions of &.l\2 inch diametero There was a oellopkne sheet of suitab]e thickness

between the tws seotions. The
+ “m

er had a vo~wne of 6300 QOO The
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volume of the expansion ohamber was made smaller by a wooden plug whiah fitted in~lde

the oylindero The volume of the expansion uhamber was 2270 as. The bulge on the

cellophane was measured and a correction wa8 applied to the two volumesc The

pressure in the oornpressionohamber before the blast was measured with a meruury

manometer and the pressure in tho system after the blast was caleulated~ aaauming

am isothermal oxpansicm Aotually the expan8ion is somewhewe between an isothernwl

and an adiabatio expansion~ A oaloulation assuming an adiabatio expansion and
.

compression without mixing gives a result for a compression chaniberover-pressure

of 30 oxadiffering by 107 peroent from the calculation for the isothermal prooe8a~

AotuallyD the gas does mix somewhat and also derives heat from the walls of the

vessel.

than 107

tube and

obtained

The error made by assuming an i80therxd process is then definitely less

percent for this over-pressure.

The impulse meter to be calibrated was bolted to the side of the expanaion

constant pressures were suddenly applied to the pistono Traces were thus

on the smoked-glass diso whioh rotated at a known speedo The diaa was

then placed on a piece of polar.Coordinate paper on a fil-reading table. Coordinates

were read from the krace and & radiu8.vs.angle (time) graph was

ooordinatiepaper for caoh constxintpreasuro~ These graphs were

showing that the piston moved with oonstarrtspeed when oonatant
●

h
di’c)~on oartesia~

all 8traight lines

pressure aoted on

it (see Fig. 6]. No curvature was observed at the 8tart of these lineav This

showed that the inertia foroes were small compared with the blast foroaso The

slopes of these graph8 gave the speeds of the pistoa for the various constant

pressure80 ‘I’hesquare of the 8peed VW8 found to be

tho preswreo

9;
.

nearly a linear funotion of
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It was found that the impulse gauges would measure

only for those impul$es for whioh the instruments were seto

impulses with precision

Impulses of known peak

prossurc and duration were applied to the+pistons by letting air out of the

calibrating blast tube through holes in tho expansion ohambero By ohoosing suitable

impulses as somled from previous shots. gauges were set by adjusting the number of

squirt hole8 to measure impulse from an explosion of’

ton TNT equivalent. The Gquirt holes were 1 om long

It was decided that twelve gauges should be

following tnble.

Size of Shot Peak press. Impulse Time Radh,m
tons psi psi x See. sea. yards—.

100 tons 1000 to;. and 5000

and .Oh inches diameter.

distributed according to the

No. of No. of Gauge
Holes gauges at Nuwlms

station

2.00 5 0330 .22=.27 350 29 1 1

100 2.5 0220 .2~029 520 48 1 3

1000 6 0860 Obow 600 n 2 ~ and 10

Moo 2.5 0Vo .6.57 1000 29 2 ,4 and 6

5000 8 10700 09 900 5 2 7 and 12

5000 5 10300 074=995 1200 8 2 t2and5

goo 205 0800 O9OE’1O1O2000 9 2 11 and 8

Tho glass disos were rot~ted by motors powered by a six-volt storage batteryo

!!hemotors were windshield-wiper motors remodeled to give a speed of rotation of

about one revolution per seoondo The speed of rotation was determined byoounting

the revolutions for a five-minute period ending three minutes be~ore the blast by

meane of a

motor8 and

Tests made

(’~,
rotating switoh in a circuit with a battery and a mesb~ge registero The

counting oircuit were turned on by means of a uontrol line and relayuo

in the laboratory showed that the speed of rotation was oonstmnt enough
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se that no appreciable error would be made by this processe

The dural boxes containing the piston and cylinder~ the glass dim, the

motor@ and ths relaya were mmntod along with the battertos and measa~e rsgistes

in a plywood bOXa The box of 3/4” plywood was then supported by sorecm=.doorspring8
.

on a ~’ti~n.iron.pipeframe. ‘fhegeneral ●rrangement may be seen in the photographs

(Figs. 7 and 8)0 Rough calculation showed that the boxes should not be

roughly for the blasts i’orwhioh the gauges were seto

The motors. relays and revolution counters were tested on each

runs. Thirty-six hours before the nuclear explosion the oylinders were

treated too

of’the dry

f~lledtith

renter. The outside of the piston and the atainlessosteel shaft were mde water-

tight with a small amount of silioone stopcock greaseo Tests had been run whioh

showed that this greaee did not rnffeotthe calibration of

before the nuolear explosion, the glass disua were put in

evening before the nuclear explosion$ the water level was

the gauge. The afternoon
.

plaae. During the

oheoked~ the splash guards

used te keep the water from falling on the smoked-glass discs were put in plac.eaand

the lids of the dural boxes were put ono

After the nuclear explosion of July 16th0 eight wooden boxes and oontents

were reoovered practically undamaged only one was on the groundo The gauga olosest

to the explosion was not reooveredo The other three gauges were reooveredO but had

been treated somewhat roughly. Only parts of these plywood boxes and iron frames

Gould be foundo Those reoovered gauges ●re shown in photegraphe (Figs. 9Q 100

and 11)0

The glass disos of gauges numbers 1, 39 9 and 10 were not recovered. The

record of gauge number 11 showed that tiiescribe did not MOVOO ‘&vestigation dis~

ulosed that the splash guard rested against the stainless-steelrod r venting its

eUNCLASSIFIED
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Zuotion0 Gauge number ? gave no recordO The glass ciiseshows evidence of weara

showing that it had been loose on the shafto This is the gauge that fell to the

groundo Gauges numbers 6 and kwere set for a MM-ton exploslon and these records

gave only the duration of the positive phase of the bla8t0 Gauge8 numbers 50 12*

0 and 2 gave reaordeo

Preliminary readings of these graphs gave very discrepant peak pressuree.

Durations of the positive phase of the blast were then plotted against the distanoe

from the nuolear explosion in Yardeo A point obtained by uae of a sondenaer gauge

was all!mplotted. As will be seen (Fig. 12)9 the points soatter very muoho An

extrapolationwas rodeo using blast velocities ebtained by use of microphone gaUge6

(LA.~Cj?),from the point for gauge number 2 to the point for the uondenser gaugeo
1

The extrapolation differed from the experimental point by less than 5 peroento This

gives some wei@t te the point for gauge number 20 Gauge number 8 gave too low a

value of duration beoause of faulty actiox of the relay in series with the motor

oausing it to run at reduoed spcedo This trouble with the relay waa discovered on

inspection after the Mast. Gauge number 5 gave too low a value beoause the piston

stuck for the i?lrstpart of the blasto Gauge

for the blast. but the trace was so irregular

made~

number 12 gave a reasonable duration

that

The records from gauges numbers ~0 120 80

140 150 16, and IT. The reoord for gauge number 2

analysis will be giveno

no interpretationoould be

2and bare shown in Figso 130

is the only one for whic?han

From the record from gauge number 2 the plot of radius V8 anglo (time) was

obtained as 8hown in Fig. 18~ Aa may be notiaed, the record for the firs% tw~nty=

five degrees is not very smooth, If this is an effeot coming from the blast. then

UNCUSSIFI“
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the peak pressure and impulse should be determined by taking amount

of the curvec. If the effewt is instx’umental~then the peak pressure

of the shape

and impulse may

be better obtained by mtrapolation of the curve oocuming after 25 degree80 Both

mothode hawe been used., The firs% method gives a v;ry unlikely preaauro time
,

cwrve (ourveAs FigO 19)0 The pressure starts mat at near 8 psi EM@o after falling

rapicilyorises abruptly ta around 13 psi$ (this last figure i8 uncertain besause

the calibration aurve was extrapolated to this pressure) and frallsrapidly again.

Thi6 happens in about 0.1 See. The impulse determined from this curve 1.68 psi x 8w0

The pressure tine aurve ~sr time$ greater than .10 seconds is a smooth

curve l~urveisA$ B~ and CD Fig. 19). Points shown for the same tin. are independent

determinations of that pressure. These points were plotted on semi-log paper

(Fig. 20). A8 maybe Saeuo these points fall abquta 8traight line. Extrapolation

en this graph gives a peak pressure In the range 8.5 psi

seen~ the determimtion of the peak pressure is somewhat

in the range. 9.4 psi ~15 percent.

The impulse is determined by.measuring the area

QUXWe. The areas under Curve AQ Curve B and Curve C are

ta 1006 P8i0 iiS WY be

Unoertako It should be

under the pressure-tire

reapeotively 13680 1.82

and 1073 psi aoo. The b-pulse from Cume A is not muoh different from that

from (l~ve (JO This means that the impulse can be determined with more preoision

than the peak presisuro. It seems that if leas weight is given to ‘theimpulse

ebtained from Curw Cc tha re8ult may be stated as 10V psi,sec. 26 peroentiO

The duration ef tho positive phase was determined direotly from the

reoord on the smoked.glasn plate and not from the pressure-time curveo !l!heduration

is .61j seo ~q pox-cent.

@!!@@@!*, ~
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A study was made of the effeot of the temperature of the water on the

calibration of the instruments Itwau found that a cooling of 17° C shifted the

speed.squared.vs.pressureGurve (Fig. 21) toward higher pressures by about 4 peroent

for all pres8ure80 Sinoe the air temperature was 19° G at the time of the shot.

and by test. the water ran 1° higher than air temperature beeause of the heating

of the interior of the aluminum box by the motor. and ainoe tha calibration

temper?.turewas 25°c, the temperature correctiouO assuming a linear relation. is

about one peroent~ This is s~ll compared to other errors and it will

The results of this investigationare that at 1200 yards frors

explosion of July 16th$ and at 54U above the ground. tho peak pressure

be negleeted.

the nuolear

wa8

901Lpsi &15 percent,

of “thepositive pha8e

the impulse was 1.77 psi x sea 26 peroent and the duration

of the blast was 065 aeQ -t5 peraent~

When these results are used to estimate the equivalen% TNT tonnage of the

blasrbpit turns out that they are no% consistent. The impulse measurement givese

aocording to the results in LA-316 by IiirsehfeldereLittler. and Sheard~

very nearly 10~000 tons but the peak pressure measurements give nearly twioe

that figure. The peak pressure for 10.OOO tons of TNT at 1200 yards is given

as 6.3 psi by their aurveaO

It is suggested that if apparatus of this kind is ever used again. that

somehow the relay controls are done away withO and tlxita more substantial connection

to the storage batt$ry than battery clips be providedO
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