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ABSTRACT

The meshanical impulse meter measurements give for the July 16th nuclear
explosion, at a point 1200 yards away and 54" above the ground, a peak pressure
of 9.4 psi + 15 percent, an impulse of 1.77 psi-seo + 6 peroent and a positivlo
duration of the blast of .65 ses + § percent.
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JULY 16th NUCLEAR EXPLOSION: MECHANICAL IMPULSE GAUGE

In planning measurements on the f'irst nuclear explosion it was.suggested
that thero was a possibility that eleotrical disturbances colincident with the
explosion might make it imposaible to obtain meamsurements of the blast by the usval
pieiooelectrical metheds. Therefore, mechanical gauges of four types were made
ready for the testo These were the aluminum foll boxes, piston pressure gauges,
an lmpulce gauge of English desién9 of which one was built but not used, and an

impulse gauge (squirt gus type)o. The design and use of this last gauge is the

subject c¢f this report.

h 4

In the desipn of this mechanical impulse meter it was assumed that the.
amount of water flowing through a tube is some function of the pressure difference
between the ends of the tubeo. If a mechanism can be devised to measure the rate
at which wvater flows through a tube as a function of time, and this device can be
calibrated, it may be used To measure penk pressure, impulse and duration of the
positive phase of the blast, Such a mechanlsm iz a cylinder filled with water,
with a piston at one end and a plate with holes at the othero The position of the
plston 1s indicated by a rod from the piston through the plate with holes. The rod
carries a stylus which marks a rotating smokedoglass disc. The oylinder is mounted
on the side of an air-tight dural boi and a mobor carrying the glass disc is
mounted in the box. Details of the arrrngement may bo seen in the photographs
(Figs. 1, 2, 3, L, and 5)o

Calibration of these instruments was done with a blast tube of two one=foot
sections of 6-1/2 inch diameter. There vas a cellophane sheet of suitable thickness

between the twe sections. The ¢ er had a volume of 6300 aso The
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volume of the expansion chamber was made smaller by a wooden plug which fitted inside
the oylinder. The volume of the expansion chamber was 2270 eso The bulge on the
cellophane was measured and a correction was applied to the two volumesc The
pressure in the compression chanber before the blast was measured with a mersury
manomster and the pressure in the system after the blast was caleulated, assuming
an isothermal expansiono Actually the expansion is somewhere between an isothermal
and an adiabatic expansion, 4 calculation assuming an adiabatic expan;ion and
compression without mizing glves a result for s compression chamber over=pressure
of 30 cm differing by 1.7 percent from the calculation for the isothermal process.
Actually, the gas does mix somewhat and also derives heat from the walls of the
vesselo The error made by assuming an isothermel process is then definitely less
than 1.7 percent for this over-pressure.

The impulse meter to be callbrated was bolted to the side of the expansicn
tube and constant pressures were suddenly applied to the piston. Traces were thus
obtained on the smoked-glass disc whioh rotated at & known speed, The dise was
then placed on a plece of polar-coordinate paper on a filmereading tableec Coordinates
were read from the trace and a radius-vs-angle (time) greph was di'vwn on cartesiane
coordinate paper for esch constant pressurs. These graph8 were ali straight lines
showing that the piston moved with oonsta%? spoed when constant pressure acted on
it (ses Figo 6)o No curvature was observed at the stert of these lines, This
showed that the inertia forces were small compared with the blast forceso The
slopes of these graphs gave the speeds of the piston for the various constant

pressures. The squars of the speed was found to be nearly a linear fuanction of

the pressure.
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* was found that the impulse gauges would measure impulses with precision
only for those impulses for which the instruments were seto Impulses of known peak
prossure and duration were applied to the pistons by letting air out of the
calibrating blast tube through holes in tho expsnsion chamber. By choosing suitable
impulses as soaled from previous shots, gauges were set by adjusting the number of
squirt holes te measure impulse from an explosion of 100 ton, 1000 toﬂo and 5000
ton TNT equivalent. The squirt holes were 1 om long mnd .0l inches diameters

It vas decided that twelve gauges should be distributed asccording to the

followling teblec

Size of Shot Peak Presso Impulse Time Radius Noo of Noo of Gauge
tons psi psi x se0c. sco. yards Holes gauges at Nuirt ers
statlion

100 ] 2330 0220027 350 29 1 1

100 205 0220 025029 520 L8 1 3

1000 6 o860  ol0=ec55 600 11 2 9 and 10
1000 2.5 2500 olifeo57 1000 29 2 Iy and 6
5000 8 1,700 9 900 5 2 7 and 12
5000 - 5 1.300 o295 1200 8 2 2 and §
5000 205 800 090=1010 2000 9 2 11 and 8

The glaes discs were rotated by motors powered by a sixevolt storage battery.
The motors were windshleldewlper motors remodeled to give a speed of rotation of
about one revolution per seconds. The specd of rotation was determined by counting
the revolutions for s five-minute period ending three minutes belore the blast by
means of a rotating switch in a circuit with a battery and a mesgige registero. The

motors and counting circult were turned on by mesns of a control line and relayeo

Tosts made in the laboratory showed that the speed of rotation vas constant enough
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s0 that no appreciable error would be made by this process.

The dural boxes confaining the piston and cylinder, the glass disc, the

motor, and tho relays were mounted along with the battorles and messaye register
in a plywood boxo The box of 3/L" plywood vms then supported by soreoncdoor springs

. on a iLl/LP-iron-pipo frano, The general arrangement may be seen in the photographe
(Figso 7 and 8)o Rough calculation showed that the boxes should not be treated too
roughly for the blasts for which the gauges were seto

The motors, relays and revolution counters were tested oﬁ each of the dry
runso Thirty-six hours before the nuclear explosion the oylinders were filled with
watero The outside of the piston and the stainless-steel shaft were made water-
tight with a small amount of silicone stopcock grease. Tests had been run which
showed that this grecee did not affect the calibration of the gauge. The afternoog
before the nuclear explosion, the glass discs were put in plmce. During the
evening before the nuclear explosion, the water level was checked, the splash guards
used to keep the water from falling on the smoked-glass discs were put in place, and
the 1lids of the dural boxes were put ono

4fter the nuclear explosion of July 16th, eight wooden boxes and contents
wers recovered praoctically undamaged; only one vas on the groundo The gauge closest
to the explosion was not recoveredo The other three gauges were recovered, but had
been treated somewhat roughly. Only parts of thess plywood boxes and iron frames
could be founds These recovered gauges are shown in photegraphs (Figs. 9, 10,

and 11) °

The glass discs of gauges numbers 1, 3, 9 and 10 were not recoversd. The

record of gauge number 11 showed that the scribe did not moveo Investigation dis-

closed that the splash guard rested against the stainless-stesl
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motiono. Gauge number 7 gave no recordo The glass disc chows evidence of wear,

showing that it had been loose on the shaft. This is the gauge that fell to the
groundo Gauges numbers 6 and L were set for a 1000-ton explesion and these records
gave only the duration of the positive phase of the blastc Gauges numbers 5, 12,
8 and 2 gave recordse

Preliminary readings of these graphs gave v;ry discrepant peak pressures.
Durations of the positive phase of the blast were then plotted against the distance
from the nuclear explosion in yards. A point obtalned by use of a condenser gauge
was alse plottedo As will be seen (Fige 12), the points scatter very mucho An
extrapolation was made, using blast velocities obtained by use of microphone gauges

(La=3%52), from the point for gauge number 2 to the point for the condenser gaugeo
D]

The extrapolation differed from the experimental point by less than 5 percento This
gives some weight te the polnt for gauge number 20 Gauge number 8 gave too low a
value of duration because of faulty action of the reley in serles with the motor
causing it to run at redused spcedo, Thie trouble with the relay was discovered on
inspection after the V“last. Gauge number 5 gave teo low a value because the plston
stuck for the first part of the blasto. Gauge number 12 gave a reasonable duration
for the blast, but the trace was so irregular that no interpretation sould be
madeo

The records from gauges numbers 5, 12, 8, 2 and 4 are shown in Figs. 13,
lh; 15, 16, and 17. The record for gauge number 2 is the only one for which an
analysis will be giveno

From the record from gauge number 2 the plot of radius vs anglo (time) was
obtained as shown in Figo 18. As may bo noticed, the record for the firsg twenty=

five degrees is not very smooth. If this is an effect coming from the blast, then
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the peak pressure and impulse should be determined by taking account of the shape

of the curve, If the effect is instrumental, then the peak pressure and impulse may
be botter obtuined by extrapoletion of the curve occurring after 25 dezrees. Both
mothods have boen usedo The first method gives a véry unlikely pressure time
curve {surve A, Figo 19)o The pressure starts -ut at near 8 psi and, after falling’
rapidly, rises abruptly to.around 13 psi, (thia last figure is uncertain because
the calibration curve was extrapolated to this pressure) and falls rapidly again.
This happens in about 0.1 ses. The imnulse determined from this curve 1.68 psi x sce.

The pressure time curve (or times greater tm 10 seconds is a smooth
curve {yurves A, B, and C, Fig. 19) Points shown for the same time are independent
determinations of that pressure. These poiﬁts were plotted on semi-log paper
(Figo 20). As may be ssen, these points fall about & straight line. Extrapolation
en this graph gives a peak pressure in the range 8.5 psi to 10,6 psic. As may be
seoen, the determination of the peak pressure is somewhat uncertain., It should be
in the rangs, 9oL psi + 15 percento

The impulse is determined by measuring the area under the pressure-time
curveo The arcas under Curve A, Curve B and Curve C are resprotively 1.68, 1.82
and 1.73 psi ses. The impulse from Curve 4 1is not much different from that
from Curve Co This means that the impulse can be determined with wore precision
than the peak pressurec It seems that 1f less weight is given %o ths impulse
ebtained from Curve C, the result may be stated as 1.77 psi sec. + & percent.

The duration of the positive phese was determined directly from the

resord on the smoked-glass plate and not from the pressure-time curves The duration

PR | CLSSIFIED

is <65 ses + 5 percenta
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A study was made of the effect of the temperature of the water on the

oalibration of the instruments, It was found that a cooling of 17° C shifted the
speed-squareod-vsepressure curve (Figo 21) toward higher pressures by about L percent
for all pressures. Sinoe the air temperature was 19° C at the time of the shot,
and by test, the water ran 1° higher than air temperature because of the heating
of the interior of the aluminum box by the moteor, and sinse the calibration
tempoersture was 25°C, the temperature correction, assuming a linear relation, is
about one percentc This is small compared to other errors and it will be neglectedo
The results of this investigation are that at 1200 yards from the nuclear
explosion of July 16th, and at 54" above the ground, the peak pressure was
9oLy psl + 15 percent, the impulse vas 1.77 psi x seo + 6 percent and the duration
of the positive phase of the blast was .65 sec + 5 percento
When these results are used to estimate the equivalent TNT tonnage of the
blast, it turns out that they are not consistent. The impulse measurement glves,
according to the results in LA~316 by Hirsehfelder, Littler, and Sheard,
very nearly 10,000 tons but the peak pressure measurements give nearly twice
that figurec. The peak pressure for 10,000 tons of TNT at 1200 yards is given
a8 603 psi by their curveso
It is suggested that if apparatus of this kind 1s ever used again, that
somehow the relay controls are done away with, and that a more substantial connestion

to the storage battgry then battery clips be providedo
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RECORD NO.8 FIG. 15
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