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ABSTRACT

The project was designed to: (1) determine the free-air peak over-
pressure vs. distance curve for air durst atomic dbomds at overpressure
belov those covered by existing data, (2) determine the path of the
triple point at high altitudes for at least one shot, (3) measurs the
relative strengths of the free-air and reflected shocks above the tri-
ple point and of the Mach shock below the triple point.

The project participated in Shots 4 and 9 because the points of
detonation wvere of sufficient height above terrain to give a good sep-
aration of direct and reflected shocks over a wide range of distances.
The operation vas acoomplished by deploying 14 parachute-borne canis-
ters in Shot & (6 April) and 20 canisters in Shot 9 (8 May). Two B-29s
vere used in laying down each array. The preliminary positioning of
ths canisters was determined so as to meet the objectives stated above
and the positions and times of canister release vere adjusted to attain
these positions at shock arrival time with allowance for wind drift
during time of fall,

Bach canister ocontained an altimeter transducer, two differential
pressure transducers, and a radiotelemetry transmitter. The telemeter-
od pressure and altimeter data were recorded at a ground statiovn.

Complete data were received from all canisters in both tests. In
Shot 4 all canisters wvere in the region of regular raflection. In Shot
9 14 canisters were in the region of regular rsflectiocn and 6 were in
the Mach region., In addition to the main direct and reflected shocks,
a small secondary shock and its ground reflection were received at
nearly all canisters on Shot 9.

The free—alir values have been normalized to 1 XT in a homogeneous
sea-level atmosphere and used to extend the TUMBLER composite free-alir
curve down to overpressures of about 0.07 psi. A comparison of this
curve with the results of previous tests at low Leights of burst has
been made to determine the effective reflection factor for these carlier
shots, The path of the triple point has been determined for Shot 9
over the range of altitudes betveen 6500 and 10,500 ft and some tenta~
tive conclusions have been reached on the distridbution of peak over-
pressures in the reflected and Mach shocks in the neighborhood of the

triple point. ' fon
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FORBWORD
e
This report 1s one of the reports presenting the results of the 78
projects participating in the Military Effects Tests Program of Opera-
tion UPSHOT-KNOTHOLE, which included 11 test detonations. Yor readers .
interested in other pertinent test information, reference is made to ®

¥T-782, Summary Report of the Technical Director, Military Effects Pro-
gram, This summary report includes the following information of pos-

sidble goneral interest.

2. An over-all description of each detonation, -
including yleld, height of durst, ground sero ®
location, time of detonation, ambient atmospheric
conditions at detonation, e%c., for the 1l shots,

b. Compilation and correlation of all proJject
results on the basic measurements of dlast and -
. shock, thermal radiati.n, and muclear rediation, . °

¢. Compilation and correlation of the various
project results on weapons effects.

d. A summary of each yproject, including odjectives
and results. L4

e, A ocomplete listing of all reports covering the
M1litary Bffects Tests Progian.
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CHAPTER 1

LA
@

1.1 OBJECTIVE

The primary objective of this project was to obtain date on the
peak overpressure in the free-air shock wave from an atomic detonation
before the arrival of the ground reflected wave, Measurements wvere » L
particularly desired in the range of overpressures frozx about 8 tc 0.25
psi in order to extend the msasurements made by the sbock velocity meth-
od at higher overpressures down to the range of interest in connection
with the establishment of lethal and safe envelopes for aircraft in the
vicinity of an atomic explosion. ~

Secondary objectives were to determine the form of the free~air ’ L
pressure pulse, to establish the path of the triple point at bigh alti-
tudes, and to measure the peak overpressures cof the reflected and Mach
shocks.

1.2 BACKGPOUND

The military requirement for an operstional test of the Fuchs
theory relative to the blast wave in an inhomogeneocus atmcsphere was
undertaken by the Terrestrial Sciences ladboratory, Air Force Camdridge
Research Conter (AFCRC), ip early 1950. Folloving development of in-
strunents and techniques, actual teats were conducted at Operations
JANGLE, SMAPPER, and IVY, The JANGLE project was principally designed
to check out instrumentation and tochnfquu. At SNAPFER peak overpres-
sure measureaments were made over a wide rangs of distances and altitudes
and it wvas shown that the variation with altitude was consistent with

that deduced from the Fuchs sceling law. The results obtained at IVY,
although roughly consistent with the SNAPPER data, did not cover a suf-
ficiently large range of altitudes to provicde an unambiguous test of the °
applicability of Fuchs scaling to weapons of very large yield.
In all of these tests the shots were either surface bursts or fired
at & lov scaled height and, with the exception of threoe measurecents at
King sbot of IVY, all measurements vere made in the region of Mach re-
flection., It was therefore not possidle to deduce the equivaleant free-
air values vwithout introducing questiocnable assurptions with regard to ] ®
ground reflectivity, Since it is primarily the free-alr peak overpres—
f sure that is desired fcr the computation of blast effects on alrcraft,
q additional measurements wvith a high alr durst vere required.

Gl
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CHAPTIR 2

2.1 NRANS OF FULFILLING THE OBJRCIIVE

Arrays of parachute-borne instrumented canisters vere deployed
from two aircraft, The planned positions are shown in Figs. 2.1 and
2,2. The planes of the arrays vere offset from ground sero, dut ian the
figures the canister positions are plotted at trus horiszontal distance
and slant range regardless of asimuth, Ambient pressure and overpres-
sure data vere telemetered continuously from the canisters to a ground
recording station. In SNAPPRR it was established by independent posi-
tion mesasurements using an electronic multiple odject tracking system
(MOT8) that slant ranges counld de computed from shock arrival time witk
an acouracy of 2 to 3 per cent. As this is detter than the expected
acouracy of the peak overpressure mesasurements, ahock arrival times and
the telemetered amdient pressure data vere used for position determina-
ticn vith respect to the detonation. The asimuths of the canisters froa
the shot are needed only for the purpose of applying a small vwind core
reoction to the computed slant ranges, and could de estimated with suffi-
cient agouracy from the redar treck of the dropping aircraft,.

ot 4 was fired at such a great height of burst that it vas not
expected that the triple point would reach the canister altitude within
the range of interesting overpressures., Consequently, no attempt was
made to extend the array to intercept the path of the triple point. Yor
Shot 9 a preshot estimate of the path was made on the basis of HE data
and ths canister array was designod to intercept the expected path at
two levels. By extrapolating the tims interval detveen the direct and
reflected shocks to sero it vas expected that at least two points on the
path ocould de determined.

2.2 QPERATIONAL TICENIQUES
The prodlem of the operation consisted «f four phases:
1. The ¢etermination of the integrated borizontal drift of the

parachute borne canisters {n the wind structure i{n order t deterzine
corrected canister drop points for the aircraft;
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2, The guidance of two B-2y aircraft over the drop points both
in refersnce to position and time;

3. The deployment of parachute-borne canisters from the aircraft;

4, The recording of telemetered blast pressure profiles from each
canister,

2.2.1 Shot &

The two aircraft operated ia close formation at 20,000 ft MSL at
a true ground speed of 292 ft/sec on the final or upwind leg of their
pattern. Four practice runs were made between H~40 min and H=12 min,
Flight patterns were tracked on an SCR-584 redar plotting board and
goldance data vith reference to time and position vere transmitted to
the aircraft commanders.

The initilal drop point wvas determined to be at a point displaced
4000 ft west and 9000 ft south from ground zero. The seluction of this
point was dased on two factors:

1. The possibdbility of prematurily triggering the fusing system of
the weapon. Thus, it was requiroed that ro canisters de inside a cylin-
drical area in space having a radius of 9000 ft around ground szero,

2. The double irift data frorm the aircraft and the wind data from
the weathsr station.

The 14 canisters vere deployed with the aircraft flying upwind so
that they would drift dack tc the desired positions at 15,000 ft alti-
tude nt predicted shock arrival time, The initial deployment was made
at scheduled H-129 sec and final deployment was made at scheduled Hel8
sec. The canisters vere deployed at scheduled times although the air-
craft arrived at the planned initial drop point 25 sec sarly. This fact
plus the fact that the weapon detonated aprroximately 20 sec early re-
sulted in the slant ranges deilng from 5000 to 10,000 ft greater than hal
bdeen planned., The deployment times of canisters 6§ and 7 were accident-
ally interchanged.

The recording of pressure and altimeter data fron the canisters
vas acoomplished as outlined {n paragraph 2.2, Satisfactory records
vere odtained from all canisters although the range of overpressures
ocovered was lover than intended decause of the greater slant range.

2.2,2 3hot 9

Ths tw 3-29 sircraft operated in close forwation at 17,500 ft
MSI,at & trus grov.cd speed of 298 ft/sec on the final or uwpwind leg of
their pattern. Othervise the oporation was similar to Shot 4 with the
folloving exceptions:

1. The initial drup point was determined to be at a point 6000 ft

south and 1000 ft west 5f ground sero. The horizontal radius of the
restricted area for canisters for Shot 9 was 5000 ft as cormpared to 9000

UINCLASSIFIED gD




ft for Shot L,

2. The 20 canisters were deployed so thst 10 were to be at 8100
ft MSL and 10 at 10,800 ft MSL at predicted shock arrival v.e. Initial
canister deployment was made at H-161 sec, and final deployment at H-43
80C.,

3. The two aircraft arrived at the initial drop point within ¢ 1
sec of the intended initial drop time s> that the deviations of the ac-
tual canister positions shown in Pig. 3.2 from the intended positions
showvn in Fig. 2.2 are presumably dus to errors in the allowance for
wind drift or in intervalometer settings. In connection with the for-
ser it should be remarked that the wind correction was computed only for
the initial drop and all other canisters vere then dropped at preset
time irtervals after the first., This rosults in en over=correction for
the later canisters vhich have a shorter time of fall. The very large
deviation of canister Fo. 10 was due chiefly to delayed release decause
of malfunctioning of the doxd release mechanism,

2.3 IDIIRMENTAZION

Tach canister oontained a pressure altimeter transducer, tw dif-
foerential pressure transducers (one baving a scale ratio of approximate-
1y 2 wvith respect to the other) and a radio telemetry transmitter unit,
The telemetry unit transaitted continuously overpressures and altitude
data. The recording ground station vas instrumented wvith a separate X
receiver for each marachute-borne canister and the differential pressure
and altitude data received wvere recorded on Consolidated Engineering
Company recording oscillographs,

To position the parachute-dorne canisters at a uniform altitude, a
dual -parachute system was necesvsary as the canisters were deployed at
different times. As each canister was deployed from the aircraft a 6 f%
fist riddon parachute vas immediately opened ty the atSached static line.
Caniater ballistic data and the particular array position determined the
time of canister fall with the 6 ft parachute. At a predeterained time,
different for each canister, an interval timer fired a squid which
tripped a cutter mechanisa vhich in turn detached the 6 ft riddon pars~
chute and released a 28 ft square semi-riddon parachute. The rate of
descent of the canisters with the 6 ft parachute is spproximately 200
ft/sec as opposed to a fall rate of 30 ft/sec for the 28 f% parachute.

Reference is mzde to JANGLE Feport ¥T=367, Project l.3¢, for a de-
tailed description of the dasic design of the telemstry systea and can-
{ster instrussntation. The equipment vas unchanged except the MOTS wau
oliminated dus to reliability of shock arrival time for determining
position of the canisters.

A SCR-584 radar station was used tc guide the two B-29 aircraft to
an initial drop point 1n reference to time and space.

b
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CEAPTER 3

3.1 GENERAL

Canister altitudes at the time of Arrival of the first shock have
been determined from the telemetered ambient pressure records reduced to
true altitude in accordance with the meteorological data obtained dy the
weather station at the Nevada Proving Grounds for the time of each shot.
Slant ranges have been computed from the travel times and peak overpres-
sure of the first shock by the method described in reports on previous
tests, (2), (3) The canister positions attained are plotted in Figs,
3.1 and 3,2 for Shots &4 and 9 respectively.

3.2 QESERVED DATA, SHOT b

The overpressure vs, time curves as scaled from the original rec-
ords and calidration curves are plotted in Fig. 3.3. In the case of
canister No. 6 there was an initial pressure differsntial between the
reference chamber and the ambient atmosphere dus to the fact that this
canister was still in rapid descent on the small drag chute at the time
of shock arrival., A similar initial differential also existed in can-
ister No, 7, due apparently to a restriction in the reference chamber
vent line since this canister was in norma' descent on ths large chute.
In both cases the sum of the initial differential and the peak shock
overpressure vas within the calidrated ranges of the differential pres-
sure gages so that peak overpressures could still de measured.

Fesentially ideal shock wave forme were obtained at all canister
positions and all shoved diutinct reflected shocks. The observed arri-
val times and peak overpressures of both direct and reflected shocks are
tabulated in Tadle 3.1. Por the reflected shock ths peak overpressure
given 18 with reference to the pressure existing immediately prior to
the arrival of this shock. The duration of the positive overpressure
phase of the free-air shock is also given in Table 3.1 for all canisters
at which the overpressure passed through zero bdefore the arrival of the
reflected shock. In canisters Kos. 1 through 5 and Nos. 8 and 13 the
swvitch that arms the reference chamder sealing valve did not operate un-
til after the arrival of the direct shock. Therefore, in these cases

ASSIFIED P —
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the reference chamber was still vented to the atmosphere through the
delay line and the reference pressure was slowly increasing during the
Positive overpressure phase, The actual positive phase duration must
then have been slightly greater than that indicated by the differential
pressure gages, In canisters Nos, 9 through 12 the reference chamber
wvas sealed and there should be no systematic error in the overpressure
vs., time curves.

3.3 QBSERVED DATA, SHOT 9

The overvressure vs, time curves for Shot 9 are reproduced in Fig.
3.4, Canister No. 10 was in rapid descent on the smsll drag chute at
shock arrival time, resulting in an initial pressure differential on the
blast gages. However, the sum of the initial differential and the shock
overpressure did not exceed the gage range so that a reliable overpres-
sure measurement was ohrtatned, Positioral, time, and overpressure data
for the canisters that fell in the free-air (regular reflection) region
are given in Table 3.2 and for canisters in the Mach region in Table
3.3. All raference chambers were sealed at shock arrival time except for
thoss in canisters Nos. 10, 11, 19 and 20, That in canister No, 11
sealed at 0.73 sec after the arrival of the first shock, while those in
Bos. 10, 19 and 20 did not seal, The apparent positive phase durations
for these canisters are therefore less than the actual durations.

Yor the canisters in the Mach region the method used to odtain
slant range from the observed travel time and peak overpressure of the
direct shock is not strictly applicable, since the superposition of the
reflected and direct shocks to form the Mach stem results in an increase
in peak overpressure and propagation velocity. This increass applies,
however, only to that part of the propagation path that lies below the
triple point, vhereas the use of the average shock vslocity correspond-
ing to the full odaerved pesak overpressure would amount to assuming that
the increment in velocity applied to the whole path. Actually it would
maks only a small difference in the present cass, since the peak overe
pressures at all the canisters in the Mach region were low and the cor=-
responding average shock velocities are only a few per cent greater than
sound velocity on any assumption. As a rough correction the average
shock velocity corresponding to 65 per cent of the observed peak over-
preasure bas deen used in computing the slant ranges given in Tadle 3.3,

In addition to the main direct and ground reflected shocks the
reoords from all canisters show at least one and usually two very much
saaller shocks. In contrast to similar veak secondary shocks that have
been odserved occasionally on previous tests, these are quite clearly
correlatabls across the entire canister arrsy. It will be shown later
that the arrival timee of these shocks are consistent with the assump-
tion that they originated from a weak second pulse emitted about 1 sec
after the main explosion, The first of these ashocks (arrival time ‘1‘3)
s the wave along the direct path and the second (arrival tise 7,) 13
the ground reflected wavs, To facilitate the identification of the lat=-
ter, the length of the acoustic path (E;) from shot to ground to canise
ter 10 given in Table 3.4 together vith the arrival tirmes =nd approxi-
rnate peak overpressures.
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TABLE 3.3 Shot 9, (bserved Data, Canisters in Mach Region

Canister OFp
7 €,550 | 29.98 | 34,570| 0.,2¢ | 0.25 | 0.255 | l.€1
10 11,925 | 47.39 | 52,5¢0| 0.13 | 0.09 | c.11
15 6,325 | 23.¢5 | 27,770 0.37 | ©.37 | 0.37 | 1.52
- 18 7,875 | 29.7¢ | 34,250| 0.24 | 0.23 | 0.235 | 1.75
19 8,400 31.83 | 3¢,410| 0,22 0.22 | 0,22 l.€7+
20 8,350 33.93 | 38,750] 0,20 0.21 | 0,205 | 1.5
Notation:
Ty = Arrival time of Mach shock after shot time (sec)

OPp - Peak overpressure in Mach shock (psi)

Other symbols as in Table 3.1
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TABLE 3.4 - Shot 9, Observed Data, Secondary Shock

Notation:

t T; & Arrival time of secondary shock by direct path (sec) " e

AP3 S Peak overpressure in direct secondary shock measured from
pressure existing immediately prior to shock arrival (psi)

'1'“ = Arrival time of reflected secondary (sec)

R, = Slant Bange from image of source (ft) ' o

AP, ® Peak overpressure in reflected secondary shock

¥
Canister

Fo. 23 Ar, T B, Ap, T e
1 9.23 (1) 12,250
2 10,97 0,07 14,55 13,830 0.0k
3 13.39 0.06 15,610

o % 17.79 0.04 19,630 ' e

5 22,57 0,02 24,050
6 27.61 0.02 28.79 b 29,200 | 0,02
? 33.%1 0.04 34.34 35,050
8 31,76 0.03 32.69 33,720 0.03
9 37.03 0.02 37.75 38,920 0.02

51,12 0.02 51.53 (1) 53,370
8.41 0.12 11.76 10,730

10,28 0.10 12,210
13.96 0,08 15.82 15,370 0.02

19.07 0.05 20.37 20,180 0.02
27.48 0.06 27.9% 28,320 0.02
29.05 0.04 29.79 30,720 0,02
31.60 0.04 32.22 32,940 0,02
33.65 0,04 34.20 34,920 0.02
35.77 0.03 36.27 37,110 0.02

37.88 0.02 38.33 29,400 0.02
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CHAPTER 4

ko GRRRAL

Prior to the present tests, shock overpreasure measurement at high
altitudes by the same system had been obtained at the surface shot of
JARGIE, Shots 5 and 8 of SHAPPER, and Shots Mike and King of IVY. The
JANGIE and IVY Mike shots were surface dbursts, the SNAPFER shots were
fired on 300 ft towers, and the IVY King shot was burst at an a..ltude
of 1500 ft, but because of the very large yield of this shot, this too
was effectively a low height of burst., Except for three canisters at
King shot, all the airbdo messurements were obtained in the
Mach region at hrm the triple point. Although it is
considered that the results of these earlier tests validate the Puchs(%)
scaling lav as a practical method of computing the effects of the dif-
ference in ambient atmospheric condi tions between shot and gage, the re~
duoction of the observed peak overpressures to true free-air values nec-
essarily involved a rather arbitrary choice of the ground reflection
faotor to be applied to the actual yield., Ve therefore use the preseat
free-eir data to derive a nev free-air peak overpressure ourve normal-
ized to 1 K in a homogeneous sea-level atmosphere, without reference to
the earlier test results. This curve will then be used to Jdetermine
the apparent reflection factors for the previous shots.

4,2 REDUCTIQN T0 ) KT IN A BOMOGENECUS SEA-IXVEL ATMOSPHERE

The Sachs(5) scaling law for altitude of burst and the Puchs scal-
ing law for the effect of the difference in altitude between burst and
&nge may be expressed in the form

AP = k3u £(KAR/S) (%.1)
where

= peak overpressure

LISLASSIFIED™ ™ .,




=
'

= [ Po(n)/Po(0)] ¥3
o [ [{rw/m@) ¥4 {otn)/po(a)}¥2 -1] aa/(a-b) |
= Mr/1@)} YA {Bo(a)/Po(n)} /2 _

= ambient atmospheric pressure

-3 éu = >
" [ ] ] n

ambient atmospheric temperature (absolute)

altitude of gage at which AP is measured

= of
n

altitude of burst
W = bomb yield (KT)
S = wi/3

The slant range scaled to 1 KT in a homogeneous atmosphere at sea-level
ambient pressure (taken as 14,70 psi) is then

T = K\R/S (402)
and the scaled peak overpressure is
£(r) = aP/k3p (403)

The function f(r) will be referred to as the normalized free-air peak
overpressure function.

According to the asymptotic blast theory on which the Fuchs scaling
law is based, the duration of the posiiive overpressure phase is not .
affected by the variation of atmospheric properties along the propaga-
tion paths Normalization of the positive phase duration to 1 KT at sea-
level therefore involves only the Sachs time scale factor and is given
by

T = T, ke(h)/Sc(o) (4e4)

vhere ¢ i8 the velocity of sound. The sea-level value, c(o), is taken
to be 111€ ft/sec corresponding to a temperature of 15°C,
The Fuchs scale factors A and I have been computed by numerical
integration of the meteorological data foar the time of each shot, For
Shot 4 the altitude of burst was 10,213 ft above sea level (€022 ft
above ground zero) and far Shot 9, 5502 ft above sea level (2423 ft '
above ground zero). The yields used in scaling to 1 KT are 10.5 KT far
Shot 4 and 2€.5 KT for Shot 9.*

* After all data reduction and figure drafting for the present repart
had been completed the figures 11.0 KT and 2€ KT respectively were
adopted for use in the preparation of final project reports (AFSWP
UPSHOT-KNOTHOLE Summary data Chart, 22 Sep 1953). Since the difference
is well within the uncertainty of the data and would be entirely
negligible for practical purposus, no change has been made,
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The various scale factors and the scaled ranges, peak overpressures,
and positive phase durations for the free-air shock are tabulated for
Shot 4 in Table 4.1 and for Shot ¢ in Table 4.2. Scaled peak overpres-
sure is plotted against scaled slant range in Figs. 4.1 and 4.2. The
curves drawn in these figures do not represent "predicted" values, but
are simply "eye fits" to the plotted points, giving greatest weight to
those points that appear to define a reasonably smooth curve and ignor-
ing the more erratic points such as canisters Nos. 3, 4, and 14 of Shot
4 and canister No. 8 of Shot 9.

The scaled ranges and peak overpressures in the Mach stem of Shot 9
are tabulated in Table 4.3 and plotted in Fig. 4.3. Since the scaled
peak overpressure in the Mach stem in the region just below the triple
point is probably not a function of the scaled slant range only, the
significance of drawing a single curve through these points, as shown
in Fig. 4.3, is somewhat questionable. The interpretation of these
measurements in the Mach region will be discussed in more detail in sec~
tion 4.6.

In Fig. 4.4 the amoothed curves of Figs. 4.1 and 4.2 are reproduced
together with the low?Z portion of the Naval Qrdnance Laboratory TUM-
BLER composite curve. )" The latter curve, obtained from photographic
shock velocity measurements, is considered to be the most precise deter-
mination of the normalized free-air peak overpressure function for
nuclear detonations now available for scaled overpressures greater than
about 7 psi. It is unfortunate that restrictions on allowed canister
positions did not permit the present measurements to extend up to the
lower 1imit of the NOL curve. However, inspection of Fig. 4.4 will
indjcate that if we require a smooth interpolating curve that will join
the NOL curve without abrupt change in slope and will parallel the
slopes of the Shot 4 and Shot 9 curves, there is little latitude for
deviation from the curve indicated by the dashed line in the figure.

In drawing this curve slightly more weight has been given to the data
fram Shot 9 than to that from Shot 4 because of the greater internal
conasistency of the former.

For the convenience of those who may wish to use the present data
in future applications, a tabulation of the function f(r), defined by
the interpolated curve in Fig. 4.4 for values less than 7 psi and by
the NOL curve for higher overpressures, is presented in Table A.4. The
table has been prepared by smoothed numerical interpolation btetween
values read at convenient intervals from the plotted curves. Although
the tabulation is carried to three figures in the interest of repro-
ducibility of camputations, the basic data do not, of course, define
this function with anything approaching this degree of accuracy.

4.3.

Using the present normalized free-air peak overpressure curve, we
may define an apparent yield scale factor, Sy, for each peak overpres-
sure measurement obtained in the previous tests by reading the scaled
range, r, corresponding to the observed scaled overpressure,A P/kp,
and camputing

Sa = KAR/r (4.5)
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TABLE 4+1 Shot 4, Free-Air Data Reduced to 1 KT in a Homogeneous .-

Sea~Level Atmosphere ' ®
Canister| Fuchs Scale Scaled Scaled Peak Scaled Positive
No. Factors Range (ft) | Overpres.(psi) | Phase Dur. (sec) }
n b | r=IRS | £(r) = /KB |T= Teke(h)/c(o)S e
- — —
1 1.189 [ 1,061 7,640 0.375 0,33+
2 1.1€3 | 1,055| 10,050 0,279 0,36+
3 1,18€¢ | 1.0€1| 10,960 0,32¢€ 0,35+ e
4 1,168 | 1,057| 12,570 0,258 0034+
5 1,175 | 1,058 | 14,380 0.1€7 0,39+
¢ 1.238 | 1.075( 29,970 0.075 e
7 1.240 | 1,075| 18,980 0.110
8 1,184 | 1.0¢0| 7,200 00424 0,35+
, 9 | 1.192|1.0€2| 9,520 0.32¢ 040 r e
10 1,183 | 1.0¢0| 10,550 00243 0.39
n 1.170 | 1,057 | 11,580 0,209 0.48
12 1,17 | 1,057 13,790 0,17, 0.41 B
13 1.155 | 1,052 | 17,700 0,147 034+
1 1.2€8 | 1.083 | 29,790 0,102
) ®
S 1o o e ..
W s 10.5 KT S = 2.19
L -—--..........-ii.. g 0y ot
! |'%'.,§ k& k




TABLE 4.2 Shot 9, Free-Air Data Reduced to 1 KT in a Homogeneous
Sea~level Atmosphere

Canister| Fuchs Scale Scaled Scaled Peak Scaled Positive
Noe Factors Range (ft) | Overpres. (gsi) Phase Dur. (sec)
k=l=p. r = W\R/S | £(r) = &P/kr | T = Teke(h)/c(0)S
_ —_—
1 1178 | 1.0€2| 3,150 1.15 0.33
; 2 1.177{ 1.062| 3,9¢0 0.84 0.35
F 3 1.1€3 | 1.057| 44790 0.58 0.38
& 4 1,1€3 | 1.057| ¢€,480 0.410 0,40
; 5 | 1.1¢9|1.058| 8,280 0,284
o ¢ 1,1€1 | 1.05¢ | 10,240 0,222
8 1.143 | 1,051 11,800 0,235
9 1.148 | 1.052| 13,780 0.1€0
ﬁ 1 1.101| 1,03¢| 2,€80 1.49 0.2
12 1.099| 1,035 3,370 1,0¢ 0.33
13 1,089 | 1,031| 4,670 0.70 0,37
b 1 1,094 | 1.033| €,500 0.419
1€ 1,078 | 1,027 10,190 04234
17 1,077} 1,027| 10,950 04222
¥
h = 5500 ft Po(h) = 12,23 psi
fe 2 0.832 ¢ k = 0,941 5~
: Wz 26,5 KT S 2 2,98




TABLE 4.3 Shot 9, Mach Data Reduced to 1 KT in a Homogeneous
Sea-level Atmosphere

Canister | Fuchs Scale | Scaled Scaled Peak Scaled Positive
Noe Factors | Range (fE) Overpres. (gsi) fhase Dur. (sec)
N Blr = RS | £(r) = &P/KB | T= Tuke(h)/c(0)S
7 1.032 | 1,011 11,270 04303 0.50
10 1.204 | 1,072 19,980 0.123
15 1,025 | 1,009 8,990 0.441 047
18 1,071 | 1,025 11,580 04275 0.55
19 1,088 | 1,031 12,510 0625¢€ 0452+
20 1,087 | 1,030 13,300 04239 0449+

Since the individual values of Sy for a given shot showed no systematic
trend that could be distinguished above the random scatter of the data,
only the mean values, 54, for each shot are listed in Table 444 For
King Shot only the measurements in the Mach region have been used. For
our present purpose the apparent blast yield, Wg, is defined as the
cube of the mean apparent scale factor., The apparent yield reflection
factor is then the ratio of Wy to the actual yield, W. The values of
W given in Table 4.4 are the most recent estimates known to the writers.
but their accuracy cannot be stated with assurance.

It is commonly assumed that for a surface burst the reflection
factar in the sense used here would have the value 2 for an ideal re-

flecting surface and would be slightly less than 2 for real surfaces,
In the case of a burst at a finite height above the surface there is no

a8 priori reasan for expecting the apparent reflection factor for points
In"The Mach stem to be equal to or less than 2, but it is at least
plausible to suppose that in the ideal case the peak overpressure at
points far outside the path of the triple point would approach the same
value as that due to a surface burst, It is therefore somewhat surpris-
ing to find that with reference to the present free-air peak overpres-
sure curve the mean apparent reflection factors far all the earlier
shots turn out to be greater than the "ideal" value 2. In the case of
Mike Shot there are reasons for believing that the high apparent re-
flectiaon factor is due to inaccuracy in the Fuchs altitude carrection
for very large yield weapans, but this does not explain the results for
the small yield shots, Although there is a considerable difference be-
tween individual shots, it is believed that the general average is
reliable enough to indicate that there is some real effect, occurring
with low scaled heights of burst (say less than 200 ft for 1 KT), that
gives an increase in the apparent blast yield that is slightly greater
than one would expect {ram elementary considerations,
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A similar phenomenon has been noted by the authors of the final

] report on Projects 1.3 and 1.5 of TUMBLER in comparing the TUMBLER

i free-air peak overpressure data with that obt?isxed by the same shock
velocity method from Shot Easy of GREENHOUSE,.(7) The GREENHOUSE Easy
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Fig. 4.3 Shot 9, Peak Overpressure vs Slant Range in the Mech Region,
Reduced to 1 KT in a Homogeneous Sea-level Atmosphere
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free-air peak overpressures are definitely higher in the 140 to 35 psi
range than those which would be scaled from the TUMBLER curve. Since
i this increment in apparent blast yield for low scaled heights of burst
is shown by the free-air shock, it must be caused by samething that
occurs at a very early stage in the formation of the primary shock, .
ﬁ since otherwise the effect could not overtake the free-air shock front °
in time to begin affecting the peak overpressure at about the 140 psi
level. If the high apparent reflection factors in the far Mach region
obtained from the JANGLER-SNAFPER-IVY airborne gage measurements are
due to the same cause that produced the high free-air peak overpressures
at GREENHOUSE Easy, the explanation cannot be entirely a matter of the o
h aerodynamics of shock reflection, but must also involve interaction °
between thermal radiation and blast energies in the intensely heated
region at and above the surface in the neighborhood of ground zero.
The significance of these high apparent reflection factors should not,
however, be over-emphasized since, because of the cube root scaling law,
H they are very sensitive to any small systematic errors that may be pre-
sent in the pressure measuremesnts. o

4.4 RPATH GF THE IRIFLE POINT

The time interval, T2 - T;, between the direct and reflected shocks
of Shot 4 is plotted against slant range in Fig. 4.5. The smoothed
curve drawn in the figure may be interpreted as an approximation to what ™
this interval would have been if the actual canister positions had bean
distributed along a correspondingly smoothed locus in space. The
extrapolation of this curve to zero time interval at a slant reange of -
62,000 ft gives a single point on the path of the triple roint at an
b altitude of about 18,000 ft above sea-level. Since only this one point

i 2

is determined by the data, the slope of the triple point path shown in . 9
Fig. 3.1 is merely schematic. Pressure megsyrements on the surface and
at 10 ft above the surface by Project 1.1b\8) gave no indication of the
formation of a Mach stem out to a ground range of 13,250 ft.

For weak shocks, at angles of incidence slightly less than the

extreme angle for regular reflections, the angle of reflection is at
B least equal to and in generel greater than the angle of incidence. The )
actual distance from ground zero of the point of reflection of the
reflected wave reaching the most distant canister, No. 6, cannot, there-
fore, be greater than that of a wave following the acoustic path (angles
of incidence and reflection equal). On this basis the points of
reflection for all canisters must have fallen within an arc of less
r than 18,000 ft redius about ground zero. Within this radius and over o
the sector subtended by the canister azimuths from ground zero (240° to
232° approximately), the topographic elevution varies from 4191 ft at
ground zero down to about 4110 ft at the lowest estimated peint of
reflection and up to about 4195 ft at the limiting redius and azimuth.
At no point within the possible area of ref’c.ction is the slope of the
r’ ground greater than 1° and over most of the area it is much flatter. °
Therefore topographic irregularity could have had little effect on the

configuration of the reflected wave and the formation of the Mach stem
in the divection and over the range of distances covered by the present
observations. The mean elevation of the surfuce over the possible area
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of reflection is about 4125 ft, giving an effective height of burst of

6088 ft, which is equivalent to 2440 ft for 1 KT at sea level.
The time interval between direct and reflected shocks fcr Shot 9 is

plotted against slant range in Fig. 4.6. Since the canisters in the

region of regular reflection were distributed sround two different -

levels, extrapolation of the curves to zero time interval gives two

points on the path of the triple point. These points, together with the

conditions that the path must lie above all canisters that showed a

single peaked shock, fix the position of the triple point within about

% 500 ft in horizontal distance over altitudes between 6500 ft and

10,500 ft. The inferred path is shown in Figs. 3.2 and 4.7. -
Using the free-air peak overpesaxtr? function tabulated in Table A.l

and the theory of regular reflection 9) the extreme angle of incidence

for regular reflection for Shot 9 is found to be 48.5° and the distance

from ground zero to the limit of regular reflection is approximately

2740 ft. A circle of this radius about ground zero falls entirely with-

in the flat floor of Frenchman lLake, so that in this case the effective -

reflecting surface deviates by only a matter of inches fram a true

horizontal plane. Using the above value of the extreme angle for

regular ref](ﬁsi(&i Ae, and an empirical curve based on small charge

experiments » (11) from which the path of the triple point may be

determined for a given \e, the path shown in Fig. 4.7 has been computed.

Whether the indicated slower rate of rise of the triple point in the

present test, as compared to that computed from the high-explosive

tests, is an effect of the variation of atmospheric properties with

altitude or is due to non-scaling surface reflectivity effects cannot

be determined at present.

4.5 RQAITIVE RHAQE DIRATION .

The duration of the positive overpressure phase is plotted against
slant range (both scaled to 1 KT in a hamogeneous sea-level atmosphere)
in Fig. 4.8. Points for which the measured positive phase durations
are expected to be too amall due to failure of the reference chambers
to seal are indicated by upward pointing arrows in the figure. It will
be noted that most of these values are in fact low with respect to the
more reliable data.

4.6 SIRENGTH QF THE REFLECTED AND MACH SHOCKS

The ratio of peak overpressure increment, OP,, in the reflected
shock to that in the direct free-air shock, 4P), is listed in Table 4.5,
along with the inverse ratio of the travel times, T1/T;. The choice of
Tl/Tz as a camparison variable is based on simple acoustic considera-
tions. For an acoustic signal in a hamogeneous medium, originating
from a point source above a perfectly reflecting plane, the reflected
wave has the same amplitude as the direct wave from a source of the same
[ strength situated at the image point below the reflecting plane. Since
o the acoustic signal amplitude is inversely propcrtional to the distance,
and the distances from the source and its image are proportional to the
rospective travel times, we have 0P LP; = Ty,/T,. Although in the
present case we are dealing with shocks that are comparatively wveak at
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the point of measurement, they are not weak enough to be treated acous-

tically at the point of reflection. Appreciable departures from the

simple acoustic ratio of peak overpressures are therefore to be expected.

However, the plot of AP/AP1, against Ty/T, shown in Fig. 4.9 shows that

these ratios are roughly equal for T1/T, less thun about 0.93 in the >
case of Shot 4 and less than about 0.82 for Shot 9. In each case there

appears to be a marked decrease in the relative peak overpressure of the

reflected shock as the triple point is approached. In the absence of a

complete theory of Mach reflection we cannot generalize from these

observations, but it is interesting to note that in Bargmann's (12), (13)

approximate theory of Mach reflection of weak shocks at nearly glancing _
angles of incidence the reflected wave does not appear in the first
approximation as a shock, but as a discontinuity in pressure gradient.
In the second approximation there is a finite reflected shock, but the
pressure increments in this shock still approach zero at the triple
point. Indications of a maximum in the strength of the reflected shock
at soare point juit 3bove the triple point have also been noted in shock
tube experiments 13),

For values of T;/T, equal to or greater than 0.98, the mean value of
OPp/AP| is 0.46, and if this ratio is applicable right up to the triple
point, the peak overpressure at the top of the Mach shock should be
about 46 per cent greater than the free-air peak overpressure at the
same slant range. If we make the assumption that far below the *riple
point the Mach overpressures are equal to the free-air overpresswies
from a bomb of twice the yield, the ratio of Mach to free-air peak over-
pressure at the same slant range should approach the value 2 1/3 = 1.26,
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TABLE 4.5 Ratio of Peak Overpressures in Direct and Reflected

Shocks
Shot No. 4 Shot No. 9
Caﬁifter AP,/AP, T1/T5 Ca.g:‘l)s:ter APy/APy T1/T2
1 0, €7 Ce €9 1 0.€9 0.€4
2 0,95 0,82 2 0.8¢€ 0474
3 0.83 0.83 3 0,85 0.81
4 0.90 0,88 4 0.54 0,90
5 1,00 0.91 5 0,58 0.95
€ 0. €0 1.00 € Oedd 0,98
7 0.88 0,94 8 Oedd 0.99
8 0.€8 0.€7 9 0,50 1.00
9 0¢74 0,78 11 0,70 0.€€
10 0.83 0.82 12 0.€5 0.,7¢
11 0,87 0.8¢€ 13 0,57 087
12 0,92 0.90 L 0.49 0.95
13 0.€0 0,95 1€ 0440 0.99
1 0.43 ! 0.99 17 0642 1.00

since at the low overpressures with which we are concerned the free-air
peak overpressure diminishes nearly as R-l, Values of APp/AP) for the
canisters in the Mach region of Shot 9 are given in Table 4.€ where AP
is defined as the free-air peek overpressure at the same slant range as
read from the free-air curves for this shot. It will be noted that the
ratios far canisters 7, 18, 19 and 20 are very close to the value of
1.4€ indicated by the reflected pressures observed above the triple
point, while the ratio for canister No. 10, whick is the rarthest from
the triple point, is not far from the "ideal" limiting value of 1.2€.

4¢7 THE SECONDARY SHOCK (F SHQT 9

Mention has been made previocusly of the very weak shocks that ap-
pear on the recards of Shot 9 in addition to the main direct and reflected
shocks. These shocks are small enough so that their propagation
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velocity differs insignificantly from the local sound velocity. There-
fore, assuming that they originate from a weak secondary pulse emitted
from the same source as the primary shock, the arrival time of the first
should be very nearly a linear function of slant rangs. If the second
weak shock 1s the ground reflection of the first, its arrival time

TABLE 4.6 Ratio of Peak Overpressures in the Mach and Free-Air
Shocks at the Same Slant Range, Shot 9

Canister No,. Py/'Py
—

7 1.48
10 117
15 1.€3
18 1.4
19 1,42
20 1.43

should be nearly a linear function of the slant range from the image of
the source. Small departures from a linear relationship are to be
expected due to the variation of sound and wind velocity with altitude
and the fact that the secondary shocks are superimposed an the direct
and reflected primary waves, The differences between the observed
arrival times and the linear function 0,97 + R/1050 are given in Table
4eT. For the reflected secandary (arrival time T,) the same linear
function is used with the distance from the image source, Ry, in place
of Re From the smallness of these residuals there can be little doubt
that the above assumptions are essentially correct, The mean apparent
sound velocity between the nearest and farthest canisters, as camputed
from the ambient temperature and wind data, is 10€8 ft/sec. Since the
difference bstween this and the 1050 ft/sec that fits the weak shock
arrival times is less than the expected 2 per cent accuracy of the
slant ranges as determined from the main shock travel times, this may
be taken as confirmation of the latter,

Since the secondary shock must have traveled at appreciebly higher
than ambient sound velocity in its early stages, the intercept time of
0.97 sec must be somewhat less than the actual time of origin of this
shock.

UNCLASSIFIED  seeweemmresmereressmumns




TABLE 4.7 Time Residuals of Secondary Shock, Shot 9

Canister T4 - (0,97+R/1050) | T, - (4097+R4/1050) .
No.
1 +0,19 (2)
2 ~0.14 +0.41 ] '
3 +0,01 -
4 +0,01
5 +0,24
6 +0,05 +0,02 e
7 +0,02 ~0,01
8 -0,34 ~0.39
9 -0.15 -0.29 e
10 +0,09 -0,27 (?)
n +0.09 +0,57
‘ 12 +0,07 ..
13 +0,07 +0,21
1 +0,19 +0,18
15 +0,06 0.0 r ®
16 ~0042 ~0.44
17 -0,03 -0,12
18 40,06 -0,03 e
19 +0,12 =004
. 20 +0,01 -0,1€
' [
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CHAPTER 5

The principal conclusion of the present work is represented by the
normalised free-air peak overpressure curve shown in Fig, 4.4 and tabu-
lated in Appendix, Table A.4. It is considered that further measure=-
ments of the same kind would not alter this curve substantially, but
s would merely provide more statistical data on which to dase conclusions
i regarding tho variability of peak overpressures., Tentative conclusions
mey be derived on this point from the present data. Considering all
measurements from both shots, the root mean square percentage deviation
: from the tabulated curve is 17 per cent. Hovever, an unduly large frec=-

tion of this comss from the large deviations of canisters 3, 4, and 14
on Shot /4, If these readings are discarded, the variance is reduced to
9.6 per cent, which i{s of about the same order as the apparent varianse
oestimated from the results of previous tests with the same equipment.
It is not certain how much of this is to be attrituted to errors of
measurement and how much is due to real variations i{n peak overpressure
caused by variations in the effective dlast output of the bomd or dy the
H offects of small scale inhomogeneities in the atmosphere such as turbu-
lence, wind shears, temperature fluctuations, etc.

5.2 PATH OF THE TRIPLY POINT

The disagreement between the observed path of the triple point on

L. Shot 9 and that calculated from small charge data indicates that at pres-
ent ve have no means for making a reliabdle prediction of this path at
high altitudas, Since the blast-induced loads on aircraft may be quite
different on opposite sides of the path, further information is clearly
desirable from the point of viev of the positioning of test alrcraft as
vell as i{n conne-~tion with the delivery prodlem for dombs of very large

L’ yield.

5.3 SIEEROTE OF TEE REFLECTED AiD MACH SHOCKS
The occurrence just above the triple point of a maximum in the retio
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. of peak overpressure in the reflected shock to that in the direct shock,
1 vwhich is in qualitative agreement with theoretical and shock tude re-
sults, gives added weight to the need for more detailed study of the
pressure distribution in the neighborhood of tho triple point, The var-
iation of time interval between direct and reflected shocks in this -
region is also an lmportant factor since increased dynamic stresses on o
airoraft are to be expected at points where this interval coincides with
a natural period of a critical structural element.
The conclusion that the peak overpressure at the triple point is
about 1.46 times as great as the free-air Jeak overpressure and that
this ratio diminishes to a limiting value of about 1.26 well below the -
triple point muat de considered as very tentative, since it rests on o
relatively fev measurements and a single height of dburst. It should
also de emphasized that these ratios are applicable only at low over-
pressurec (say less than 2 psi) and at points far above the reflecting
surface.
The time and expenditure needea to obtain detailed data on the path -
of the triple point at high altitudes, and the distridutios of overpres- L
sures in its nefghborhood, would bde prohibitive if it were to de done
directly with airborne pressure gages and atomic detonations at a wide
range of heights of burst. It is therefore recormended that the avail-
able small charge data be checked and extended as a preliminary step.
Although, as indicated by tbe present results, it is not expected that .
the HE data will scale quantitatively, only a few full-scale atomic ®
tests may be necessary to indicate how the HE curves mmst be modified
for use in predicting the correspondirg effects for atomic bombs,.
¥ith the present telemetering canister instrumentation there are
severe limita<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>