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ABSTRACT

Shock overpressure as a function of time has been measured by utie
1ising an array of parachute-borne pressure gages spread over a wide
range of distances and altitudes above tvo atomic detorations, The
operation was accomplished by deploying 16 parachute-borne canisters
from two aircraft at each shote, REach canister contained an altimeter
transducer, two differential pressure transducers, a radio telemetry
transmitter, and a radio tracking beacon, The telemetered pressure
data were recorded at a ground station and the position of each canie~
ter was determined by radio range measurements from three multiple ob-
Ject tracking stations, The dropping aircraft were guided to a pre=
determined drop point with reference to both position and time by two
SCR 584 radar stations,

The observed peak overpressures, covering the range from about
0.,) to 3,0 psi., confirm existing theory on the effect of altitude on
shock overpressure to within practical accuracy requirements, snd sup-
plement other free-alr peak overpressure measurements made at higher
overpressures by other methods,

It is recommended that additional measurements of this kind de
made at an alir durst atomic test to obtain information on true free air
peak overpressures, reflected shock overpressures, and the path of the
Mach triple point, which could not be odbtained from the present tests
because of the low height of burst,
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CHAPTER 1

INTRODUCTION

1.1 QAECTIVE

The primary objective of the project was to measure the free air
peak blast overpressure of an atomic detonation over a wide range of
altitudes and distances to teat the Fuchs scaling law for altitude ef-
fects, Secondary odbjectives were to test operational procedures and
instrumentation to improve techniques and increase accuracy of measure-
ments for a later operation involving an air burst atomic detonation,

1.2 HISTORICAL

The military requirements for an experimental test of the Fuchs 3
theory were brought to the attention of the Terrestrial Sciences Labe .
oratory, early in 1950, At that time a proposal wvas prepared for parw

ticipation in Operation GREENHOUSE, However, time factors for prepare

ation and logistics of such an extensive project were insufficient and

no action wvas taken,

In December, 1950, the proposal was reinstated under Operation
VINDSTORM and the project was officially included in February, 1951,
After Operation WIKDSTORM was cancelled, the project was tentatively
included in Operation BUSTER but due to unsuitable frequency requiree
ments the project was diverted to Operation JANGLIE on a reduced operas
tional scale,

The operational procedure in JANGLE consisted of deployment of
eight pressure instrumsnted parachute~bo canisters from tvo air-
eraft, Conclusions from this operation -/ vere considered tentative
since the positions actually attained by the parachute~borne canisters
were inconsistent with the intended vertical array and did not provide
a clear cut test of the Fuchs altitude correction, There was justifi.
cation, howvever, for concluding that the data obtained supported the
Tuchs theory within the probadble accuracy of the observations out to
overpressures of about 0,1 psi,

Y 5. A. Baskell, J, 0. Vann,
Pressures, Armed Yorces Special Veapons Project, Operation JANGLE,
Project 1,3, Alr Force Cambridge Research Center,




EAPERIMENTAL PROCEDUFES

2.1  DISTRUMENTATION

The instrumentation involved in Operation SEAPPEE was designed to
accomplish four objectives: (1) radio telemetry inetrumentation to
obtain free air pressure data, (2) canister tracking instrumentation
to obtain timewspace data of the parachute-borne canisters, (3) radar
instrumentation to position the aircraft for deployment of 16 canisters
in the environs above the atomic detonation, and (&) the parachute=
torne canister instrumentation to suspend probes and electronic equip-
ment in the blast field,

Reference is made to Operation JANGIE Report, Project lg3c, for a
detailed description of the bdasic design of the radioc telemetry system,
canister tracking system and canister instrumentation, 4

2.1.1 Eadio Telewetry Instrumentation

Bach parachute-borne canister contained a pressure altime-
ter transducer, two differential pressure transducers (one having a
scale ratio of approximately 2 with respect to the other) and a radic
telemetry transmitting unit, Pressure stimulus caused each transducer
ip the canister to frequency modulate a sudbecarrier; the three sube
carriers vere mixed and subsequently frequency modulated the radio fre
quency carrier, the data link detveen the canister and the recording
ground station, The recording ground station was instrumented with &
separate PN receiver for each parachute-borne canister, The output of
each receiver, a mixture of the three frequency modulated sub-carriers,
was separated by filter networks, Sudsequently each sub=carrier was
channeled to a discriminator which produced an electrical current pro-
portional to the original pressure, These proportional currents were

; applied to galvanometers of the recording oscillograph,

The radioc telemetry system, pressure measuring instrumenta~
tion, ana parachute-borne canister were developed and fabricated by the
Pacific Division Development laboratory, Bendix Aviation Corporation,
anhnk. California, under Contract AF 19(122)=#59,

2,142 Capister Tracking System
The Multiple Object Tracking (MOTS) System was used to de- .

termine the time-space data of the parachute-borne canisters, The ayse
tem is dased on triangulation by odtaining radio range measurements
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from the canisters in space to three ground interrogating stations,
The system has been designed for tracking 32 objects in space with an
acouracy of approximately 100 feet,

All ground stations shared time during each second to ale
ternately interrogate each parachute-borne canister for range data.
Interrogation was accomplished by transmitting from the ground station ]
& dinary code train of five digits and a range pulse vhich simultane #
eously initiated the operation of the range counting circuit, Each
airborne beacon in the canister was designed for a selected binary
pulse train which was established in each beacon decoder. The decoder
differentiated between tbe selected pulse train and all others so as to
modulate the responder only when the selected pulse train was received,
After this series of events the responder initiated a single reply
pulse. VYhen received by the ground station, this reply pulse stopped
the range circuit counter and recorded the range count in increments of
0.1 microwseconds, equivalent to 50 feet in range, The recorded time
interval established the range from the ground station to the para~
chute-borne canister, A separate time mark on the recording tape es-
tablished the referenced time of the canister position to standard time,

213 Alrerart Positioning Instrumentation

The two B=29 aircraft were guided over a drop point, doth
in reference to time and course, by using two SCK 584 radar tracking
stations., Sixteen parachute-borne canisters were deployed, eight frem
sach B-29 aircraft, at a computed drop time and drop position, correcte
ed for the integrated horizontal wind drift of the canister,

2,1.,4 Canister Instrumentation

The electronic instrumentation in the canister has been
described adove, The dual parschute system consisted of two parachutes,
a 6ufoot _fist riddon parachute and a 28wfoot square semi=ribbon para-
chute, !ho latter parachute was designed for this test at WADC for the
specific purpose of minimizing parachute oscillation during descent,

As each canister was deployed from the aircraft the 6=foot rihbon para~
chute was {mmediately opened by the attached static line, Canister dal-
listic data and the particular canister position in the array deterw
mined the time of canister fall with the 6-foot ridbon parachute, At &
pre-determined time, different for each canister, an internzl timer
fired a squib which tripped a cutter mechanism which in turn detached
the 6=foot ribbon parachute, released the 28-foot square parachute. The

4 =
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parechute-dorne canister complete with dual parachutes weighed 275
pounds and was 86,25 inches over-all length, and 1% inches in diameter,

2.2 GALIBRATION PROCEDUEE

Reference is made to Operation JANGLE Report, Project l.3¢c for a
detailed description of calibration procedurea,

2«3 QFEBATIONS SHOT 3

The problems of the operation consisted of five phases: (1) the
guldance of two B«l9 alrcraft over a drop point both in reference to
position and time (two SCR 584 radar tracking units assiasted in this
operation); (2) the determination of the integrated horizontal drift
of the parachute-borne canisters in the wind structure in order to de-
termine a corrected drop point for the aircraft; (3) the deployment of
eight parachute-borne caniaters from each of two Bw29 aircraft; (&) the
tracking of the 16 canisters with the Multiple ObdJject Tracking System;
and (5) the recording of telemetered blast pressure profiles from each
canister,

The location of the radio telemetry station, the MOTS stations and
the SCR 584 radar station are indicated in Pigure 2,1,

2.3.1 Jov Alrcraft Operation

The low aircraft operated at 24,400 feet MSL at a true
ground speed of 300 feet per second, The expected speed of 350 feet
per second could not be attained because of high winds, Six practice
runs were made between f~) hours and B-30 minutes, For purposes of
checking drift which was previously calculated from meteorological
data, two canisters vere deployed, one at H~2} hours and one at B-lf
hoursy At time of deployment, interrogation signals from doth capnis~
ters failed to reach the MOTS stations, The cause of this failure is
not known, Because of a malfunction in the bomdb release mechanism,
¥o, 9 canister was deployed in the place of the second drift measure-
ment canister, In the operational run the plare was 5 seconds ahead
of schedule resulting in a positional error of 1500 feet, The canis-
ters vere deployed at the scheduled time regardiess of position, Dew
ployment of canisters for the array positions Nos, § through 16 was
initiated at =178 seconds and completed at He76 seconds, The posi=
tions of the canisters at shock wave arrival time are compared with
the intended position in Pigure 2,2,

12 .
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«3.2 Eigh Mreraft Operation . I8
2.3,2 i

The high airoraft operated at an altitude of 75,800 feet i
MSL, and maintained a true ground speed of 317 feet per second instead L
of the expected LOO feet per second, Consideradle difficulty was ex- q
perienced in estadlishing radar contact with the airoraft until H-l .
bour when the last of several practice runs was coordinated with the
radar, In the final run the plane wvas 9 seconds late, causing the de-
ployment of canisters Nos, 1 through 8 to begin 2800 feet short of the {
scheduled position. Deployment began at B-137 seconds and concluded h
at H-51 seconds, The positions of the canisters at shoock arrival time
are compared with the intended poeitions in Pigure 2.2, Much of the
error in placement can be explained by error im drop position., What
appears to de a great error is actually the result of lengthening the
entire array pattern to compensate for the high wind condition at shot
time,

2.3.3 Canister Operation

Pressure data were not recorded for canister No, 7 because
of fallure of the canister's internal power supply. Data from the No,
9 position were not recorded bdecause the drift measurement canister
dropped in this position had no telemetry equipment installed, The
28-foot parachute on canister Ko, 14 falled tc open, resulting in a
free fall and impact time of H-19 seconds; all other parachutes de-
ployed satisfactorily. Signals from canister Ko, 11 (positioned at
8000 feet MSL and 4500 feet slant range from ground sero at sero time)
terminated at EelO seconds. The canister could not be found after the
test and may bave been damaged doth by thermal rediation and the shock
wave, All other canisters survived the shock wave and thermal radis-
tion, however, the dlue and dlack stenciled markings were durned on the
28-foot white parachutes of canisters Nos, &, 12, and 13,

: Your canisters, identical in instrumentation t0 the pars~

3 chute-borne canisters, were placed on the ground at various ranges froms
ground sero, Pressure data vere recorded from canisters 26 and 40 dut
20 data were obtained from canisters 10 and 30 decanse of dattery power

fallure,
2,3.% Eadio Telemetry Operatiop
The ground radio telemetry station recorded pressure data 'S
from canisters Nos, 1, 2, 3, &, 5, 6, B, 10, 12, 13, 15, 16, 20 and b3, 2
The canister RF carriers vere recorded from time of deployment to Eel0 ‘
mizutes except for the 2 second period when the dase power falled after

-— 3
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TABLE 3.8

detonation time, This failure caused the loss of some data of blast
wave arrival time from canister No. 11, and only the negative phase of
the blast wave was recorded.

2.3.5 0 8

The MOTS stations MlA, M2A, and Rl initiated recording
procedures at H-l minute., The manned stations MlA and M2A reconrded
canister positionsl dats uantil He6 minutes, The remotely controlled
station, Rl, recorded from H-l minute until shock wave arrival time at
Beb seconds, at which time remote control holding relays failed,

2.4 QPERATION SHO? 8

The problems of the operation vere identical to Shot 5. The lo-
cation of the radioc telemetry station, the MOTS stations, and the SCR
584 radar station are indicated in Pigure 2,3,

2.4.1 Jow Alroraft Operation

The low airoraft operated at 24,400 fs, MSL at & true
ground speed of WO feet per second. Seven practice runs vere made be-
tween H-# hours and H-30 minutes, and a canister was deployed at
hours and B-1} hours for the purpose of checking drifs calculations.
The information received checked the calculated drift figure., In the
operation run the aircraft was 1 second early resulting in & position-
al error of 750 feet. The echeduled deployment of canisters Nos, 9
through 16 was started at H-175 seconds and concluded at H-A7 seconds,
The positions of *he canisters at shock arrival time are shown in rig-
ure 2.4,

2.,6.2 High AMlroraft Operatien

The high airoraft maintained a speed of 400 feet per sec-
ond (true ground speed) at an altitude of 31,800 ft. MSL. Between Bebt
hours and 5-30 minutes, five practice runs were made, The final run
was coupleted with a positional error of 400 feet caused by the air-
oraft bdoing early at the intended drop point. A% E-171 seconds the
deployment of canisters Nos, 1 through 8 was Degun and it was com-
pleted at H~89 seconds, The canister positions at shock arrival time
are plotured in Pigure 2.4,

2.4.3 Canister Operation
Pressure data were not recorded for canister No, 3 dus %o

15
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pressure gage malfunction, The large parachute on canister 5 probably
did not open since both pressure gages vere off scale, Power supply
fatlure in canister 12 prevented proper function of the parachute sys-
tem, resulting in a free fall and impact time of Helf seconds,

Pour canieters, identical in instrumentation to the para-
chute=borne canisters, were placed on the ground at various ranges
from ground sero, Pressure data vere recorded from all ground can~
isters,

2,4,4 Radie Telemetry Operation

The ground radio telemetry station recorded pressure data
from canisters Nos, 1' 2' b. 6. 7. 8. 9. 10. 11. 13. 1“. 15. 16. 10.
20, 30 and 43, The canister EF carriers were recorded from time of
deployment to HelQ minutes, Pover was obtained from FE-95 units in
order to avoid dase powver fallure at sero time.

2.,4,5 Multiple Object Tracking System (MOTS) Operation

MOTS stations M1B, M2B and R2 initiated recording proce-
dures at H-~1 minute., All stations recorded canister positional data
to Het minutes,

2.4,6 Capleter Test Damage Operation

In an attempt to determine the effects of thermal radie~
tion and shock blast on the canisters, three canisters were located at
iistances of 300, 800 and 1500 feet from ground zero. The canisters
were placed in a vertical position at each location and were braced
with four 1/8 inch steel cables, Investigation of the canisters at
Be) days indicated that the nearest canister was completely demolished
and parts scattered to distances of 1000 feet from ground sero, All
pieces shoved evidence of being exposed Lo extremely high temperatures,
The nose and center section of the canister located 800 feet from ground
sero were found at separate locations 2000 feet from ground sero.

These sections 4id not shov evidence of extreme damage from thermal
radiation, The after section of this canister was not located, The
canister located at 1500 feet from ground tero was found lying on the
ground 10 feet from the guyed position, The antenns was broken and the
paint on the outside frame facing ground sero was scorched., ¥o damage
wvas discovered to any internal instrumentation after a laboratory test
wvas completed, The nylom straps attached to the outside of the after
section were partially melted.

1?7 |
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CHAPTER 3

Jo1 JHoT 35

3.1.1 Canister Positions

Although some reliable MOTS data were obtained om Shot 5,
they vere, in general, insufficient to determine accurate canister pow
sitions at shock arrival time without additional data from other
sources, It was accordingly decided to use the canister altimeters
and the measured time of fall for the determination of altitude and
use the measured shock travel time for the determination of slant
range, vith the MOTS data used as a check, Table 3,1 shows the canis-
ter altitudes at shock arrival time as determined by (a) telemetered
ambient pressure converted to true altitude in accordance with the ra=
diosonde meteorological data for the time of the shot and by (b) the
times of fall on both small and large parachutes taken in conjunctioa
with the previously calidbrated rates of descent and the known altie
tudes of the drop aircraft, The means of these two, wvhen both were
determined, are taken a® the Dest estimates of canister altitudes,

The arithmetic mean of the percentage difference between the two, which
may de taken as a rough measure of the accuracy of the altitude data,
is 4,4 per cent,

The slant ranges computed from the shock travel times by
the method described in Appendix A are given in the second column of
Table 3,2, From the more complete MOTS data obtained on Shot 8 the
algedbralic mean difference betwesen the travsl time ranges and the MOTS
ranges was found to de 42,18 per cent, Since the MOTS ranges for Shot
8 are considered to be less sudbject to possidle small systematic er-
rors than the travel time ranges, this is interpreted as indicating a
systematic error of ¢2,18 per cent in the method used for computing
slant range from travel time, The third colusm of Table 3,2 gives the
travel time ranges reduced dy 2,18 per cent and the fourth column gives
the ranges as computed from the MOTS data used in conjunction with the
drop-time altitudes® given in columm 3 of Tadle 3,1, However, in view
of the uncertainty in much of the MOTS data for this shot, the reduced
travel time ranges (column 3) are taken as the dest values except in
the case of canister ¥o, 13, for which this range is inconsistent with
the altitude, In this case the MOTS data has been used,

“Fhe WOTS computations were carried out before the correct altimeter
altitudes vere avalladle, Since use of the final altitude figures

u:.ld not nz:x the MOTS ranges significantly, these ranges have not
n recompnted,

18
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TABLE 3.1

Canister Altitudes at Shock Arrival Time, SHOT 5

Altitude (ft, above M.S.L.)
“¥rom Canister Colpuhdﬁl
Canister Altimeter Drop Time Mean
(1) (2) (3) (&)
1 22,680 254000 23,4840
2 23,000 22,750 224580
3 274150 29,780 28,4720
- 17,520 17,440 17,480
5 31,420 304340 30,880
E 6 22,100 214460 21,780
: 8 26,680 26,620 26,650
f 10 14,780 no data 14,780
11 no data 6,960 64960
12 74300 8,740 84020 ‘
% 13 13,500 13,500 134500
15 14,410 144520 14, 470"
E 16 15,100 15,4460 15,280

measurements were obtained from two of the four ground canisters, The
slant ranges from the bomd were 6810 feet for Station 20 and 17,70
feet for Station 40,

3e142 Shock Vave Data
The telemetered records of shock overpressures as functions

of time are shown in Figure 3,1, These records are reproduced from the

i traces on the original telemetering records of Shot 5, Tigure 3.2, The
| ; principal numerical data are o_ruod in Tadle 3,3, Small secondary

UNCLASSIFIED
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TABIE 3.2

Slant Ranges at Shock Arrival Time, SHOT 5

Slant from Bomb (ft,) Computed from
Column ess MOTS with
Canister Travel Time 2,188 Assumed Altitude

(1) (2) (3) (#)
1 335250 324530 324900
2 254420 24,870 254150
3 31,640 304950 " 32,4000
" 154190 14,860 14,950
5 284390 27,770 274750
6 20,080 194640 18,500
B 284600 27,980 25,250
10 13,040 12,760 -
12 59240 59125 50500
13 8,700 84510 94100
15 14,810 14,490 13,350
16 22,980 22,480 19,4050

shocks appear on the traces from canisters Nos. 2, 5, and 13, That
from canister No, 2 appears in the negative pressure phase of the main
shock, bdbut it 1s questionadble wvhether this represents incipient develw
opment of the tall shock since it is not found on traces from still
larger distances, The secondary shocks observed on canisters Nos, 5
and 13, arriving 0,26 and 0,67 seconds respectively after the main
shock, are not considered to represent the main ground reflection since
they do not appear on the traces from intermediate and shorter dls~
tances, In particular, the nearest canister, No, 12, shows no indica=
tion of a doudle peak, It is therefore assumed that the direct and
main reflected shocks have coalesced into a single Mach shock at all
canigter positions,

—
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3.2 SHOT 8

3+2.1 Canpister Positvions

The canister altitudes at shock arrival time as given by
the MOTS data, canister altimeters (corrected for prevailing meteoro~
logical conditions), and computation from drop time and rates of des~
cent are given in Table 3.,4. The last column in the table gives the
preferred values used in further discussion of the data.

PYor canisters Nos, 1 and 2 no record was obtained of the
time of release from the aircraft, and for canisters Nos, 4, 10, and 11
the altitudes computed from the drop times were so much greater than
the MOTS and altimeter altitudes that it was evident that the para-
chutes failed to open properly and standard rates of descent could not
be applied,

The slant ranges at shock arrival time determined from the
MOTS data (Ryops) and by computation from the observed travel times
(I.E,) are given in Table 3,5 together with the percentage difference
between the two, Since there is no apparent reason to expect a system-
atic error in the MOTS ranges, the fact that the travel time ranges
tend to bde larger is taken as indicating a small systematic error in
the method used in computing the travel time ranges. The algedraic
mean percentage difference, including the ground Stations 26, 3G, and
43, 18 42,18 per cent, and this figure has deen applied as a correction
to the travel time ranges for Shot 5, Ground Station 16, which shows a
relatively large difference of opposite sign, has been omitted in come
puting the mean, since at short distances the computation of range from
travel time i{s relatively more sensitive to the assumed form of the
overpressure vs, distance curve in the high overpressure region, and
there is also the possidility that the shock velocity may de abnormally
high near the ground at short ranges because of the pre-heating of the
alr by thermal radiation,

34242 3hogk Vave Data

The telemetered shock overpressures as a function of time
after the explosion are shown in Figure 3.3. Tigure 3.4 is a sample
trace from the telemetered records of Shot 8, The principal numerical
data are summarised in Tadle 3.6, The occurrence of small secondary
shocks is more frequent than inm the case of Shot 5, but again there is
no correlation from one position to another, suggesting that they may
be caused by interwaction of the main shock and turbulent motions of
relatively small extent in the atmosphere,
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TABLE 3.4

Canister Altitudes at Shock Arrival Time, Shot 8

ﬁnhtor Altitude (ft, above M.S.L.)
¥o, MOTS Altimeter Drop Time Preferred Values
1 21,950 21,960 - 21,950
2 18,900 19,190 - 184900
3 254750 - 24,650 25,750
4 13,400 14,120 - 13,760
6 174750 18,550 184200 18,150
? 254350 25,920 24,700 25,630
8 21,300 20,880 21,500 21,300
B 12,300 13,620 13,450 12,960
10 5,000 (1) 5,480 - 54240
11 54700 (1) 64720 - 64210
13 - 13,700 13,400 13,700
14 - 144750 114050 124900
15 70200 74180 84500 74200
16 13,600 14,410 14,000 14,000

Je2 RISCUSSION

3e3s1 Shot S

test the wvalidity of the

The primary obJoct& of the present measurements was to
Mh—}acnuu lav for computing the effect

on shock overpressures of the variation of atmospheric pressure and

temperature with altitude,

To accomplish this we use the Fuche and

2/%, Puchs = Ios Alamos Technical Series IA=1021, Vol VII, Pt, II,
Chapter 9.

26
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TABIR 3.5
Slant Ranges at Shook Arrival Time, Shot 8
M'::or I):s g :::::1(::; R ',; o Preferred Value
| 20,700 21,480 3.6 Roes
2 14,150 14,610 *3.1 14400 (A1t=2500)
3 20,900 21,950(1) oh,8 R ors
b 12,950 134420 3.5 5
6 19,950 20,340 ol.9 .
? 25,750 26,600 e).2 =
a 30,800 31,560 2.4 ®
9 19,500 19,910 2,1 .
10 8,050(1) 8,270 2.7 1
1u 9200 9e410 *2.2 .
13 - 9,290 9200 (Alt-4500)
14 - 9530 9320 gh)l‘“
15 5,550 980 7.9 Bypes
16 14,900 14,930 0,2 .
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Su:htyoodo factors to scale the observed values of pressure and
range to equivalent values in an idealized isothermal atmosphere at
constant ambient pressure of 14,70 psi, If the theory is valid, the
scaled overpressure should be a function only of the scaled range,
¥e introduce the following notationt

A P ® Peak overpressure, (pei.)

R = Slant range, (ft,)

% ® pltitude at which AP is measured. (ft, adbove MSL)
h = Altitude of dbomdb, (ft, above MSL)

¥ S Yield of bomd (KT), including reflection factor
Py, ® Ambient atmospheric pressure (psi,)

T = Asbient atmospheric temperature (° Absolute)

%

S s V' '® Yield scale factor (relative to 1 K7)

k = [Po(B)/Py(0) /5 3 Sachs scale facter
h 1
A axp/ [ {20)/2(0)}" {Ro(h)/po(m)}?-1] a:/(--u? Puche
' f ]
43 A{NE)/T(2)}% (Po(2) /R (0))} 7 Pactors

AP/k’« ® Scaled overpressure

r ® kAR/S = Scaled range (relative to 1 KT)

The scale factors A and « o vhich are tabulated as funce
tions of altitude in Appendix C, have been computed by numerical inte=
gration using the radiosonde meteorological data taken at the time of
the shot as given in Appendix B, The best estimate of the radiochemie
cal yield of Shot 5 presently available to the writer is 11,7 KTs A
reflection factor of 1,8 will bde assumed, Thie is an arditrary choice,
but one which appears to make the presant data reasonadbly consistent
wvith measurements takon by other methods at higher overpressures, Ve
then have S ® (11,7 x 1,8)"7® 2,761, The scaled overpressures and
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ranges are given in Table 3.7 and plotted inm Figure 3.5, The solid
comparison curve plotted in the figure is defined by the expressions:

6 “
f(r) w612 10°¢ 26,22 10 ¢ 3;& for £(r)>1 pei  (3.1)

f(r) = 3650/?/10‘_(1-/“‘66.75 for f(r)< 1 pei. (342)

r & Scaled range in feet,

This curve is not intended to represent an attempt at a
"best fit" to the present data, dut was derived as descrided in a pree
vious report on the preliminary parachute gage measurements carried out
at the JANGIE surface shot~4 Omitting the ground stations, the root
mean square percentage deviation of the observed overpressure from the
comparison curve is 11,5 per cent and the algedraic mean percentage dif-
ference 1s «2,7 per cent, The r.z.s, deviation from some hypothetical
"true® or "best fitting® curve would not be larger than that obtained
by removing the systematic component, or /le.§§ = (277 = 11,2 per
cent,

3342 Shot 8

The scale factors A and « computed for the meteorological
conditions prevalling at the time of Shot 8 are tadulated in Appendix
C. The yield for this shot is taken to de 14 KT, which, with a ree
flection factor of 1.8, gives S @ (14 x 1,8)” @ 2,032, The scaled da=
ta for this shot are tabulated in Tadle 3,8 and plotted in Pigure 3,6
with the same comparison curve defined by equations (3.1) and (3.2).
Omitting the ground stations, the r.m.», percentage deviation from the
comparison curve is 8,4 per cent and the algedraic mean percentage de=
viation is « 3,8 per cent, Eemoving the aystematic component, the re=
sultant is 7,5 per cent,

y'o A Nhll. J. Qe "n..
Eressures, Operation JANGIE, Project 1,3cy Air Yorce Camdbridge Re
search Center
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TABLE 3,7

Overpressures and Banges Scaled to 1 KT in a Homogeneous
Unbounded Atmosphere at 14,70 psi Amdbient Pressure, Shot 5

N M T 0

—_—
h ® 4500 ft,, kJ ® 0,854, k ® 0,948, S @ 2,761
Peak Scaled
Over- Scaled Over=
Canister] Range | Altitude| pressure| Scale Factors Range press
o, R : AP 4 « reie \R/S| aP/id
1 32,530 23,840 0,141 1,709 | 1.277 19,070 0,129
2 | 24,870 | 22,880 | 0,175 | 1.655| 1.203 | 14,120 0,170
3 30,950 28,470 0,128 2,012 | 1,317 21,360 0,113
b 14,860 | 17,480 | o.425 | 1.399| 1.124 79130 04443
5 27,770 | 30,880 | 0,7 | 2,206| 1.371 | 21,010 0.125
6 |19,080 | 21,780 | 0,310 | 1,597 | 1,185 | 10,760 04306
8 27,980 26,4650 0.168 1,883 | 1.277 18,070 04154
10 [12,760 | 14,780 | o.60% | 1,293 | 1.088 54660 04650
12 59125 8,020 | 2.69 1,080 | 1,016 1,500 3.10
13 9,100 13,500 0,817 1.246 | 1,073 3,890 0,892
15 |14,490 | 14,470 | 0,486 | 1,281 | 1.088 64370 04525
16 | 22,880 | 15,280 | 0,307 | 1,311 | 1.09% | 10,110 04328
20 64810 4,200 1.85 1,000 | 1,000 2,335 2.17
4 (17,470 4,200 | 0,865 | 1,000} 1,000 5,990 | 0,544
35
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TABLE 3.8

Overpressures and Hanges Scaled to 1 KT in a Homogeneous
Unbounded Atmosphere at 14,70 psi Axbient Pressure, Shot 8

h ® 4500 ft,, kJ = 0,853, k = 0,948, § = 2,532
Peak Scaled
Overw Scaled Overe
Canister| Range | Altitude | pressure| Scale Factors Range |[pres
Fo. R ' AP a e r~kAR/S| aP/
1 20,700 | 21,950 04276 | 1,541 | 1,138 10,310 | 0,284
2 16,800 | 18,900 | 0,835 | 1.412 | 1.104 6,570 | 0.462
4 12,950 | 13,760 | 0,624 | 1,228 | 1,053 50140 | 0,695
6 19,950 | 18,150 | 0,314 | 1,383 | 1,096 8,920 | 04336
? 25,750 | 254630 | 04207 | 14725 | 1.192 | 14,360 [ 0.204
8 30,800 | 21,300 | 0,205 | 1,512 | 1,130 | 15,060 | 0,213
9 19,500 12,960 04370 1203 | 1,046 7580 0415
10 8,050 5,240 | 1,38 1,013 | 0,999 2,640 | 1.62
11 9200 6,210 | 1,033 | 1.032 | 1,002 3,070 | 1.2
13 94200 | 13,700 | 0,810 | 1,226 | 1,052 3,650 | 04903
14 94320 | 12,900 | 0,800 | 1,202 | 1,046 34620 | 0.897
15 ky550 7200 3.235 1.053 | 1,007 1,550 ‘ 3.77
i 16 14,900 | 14,000 | 0,488 | 1,236 | 1,055 5,950 | 0.542
' 16 25710 4,200 | 4,61 1,000 | 1,000 1,200 | 5.40
26 5,410 4,200 | 2.40 1.000 | 1,000 1,750 | 2.81
: % 10,200 4,200 | 1,00 1.000 | 1,000 3,300 | 1,17
w0 17,500 8,200 | 0,525 | 1,000 | 1,000 5,660 | 0,615
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CHAPTER &
CONCLUSIONS AND EECOMMEXDATIONS

el CONCLUSIONS
4el.1 Yalidity of the Fuchs Altitude Correction

Considering Shots 5 and 8 together, the r.m.s, percentage
deviation after removal of the systematic component is 9,5 per cent.
This may be regarded as the statistical resultant of errors of measure=
ment and of any effects of atmo)pheric inhomogeneity that are not corw
rectly taken into account by using the Fuchs scale transformation,
¥hile no wholly objective measure of the errors of observations can be
given, it seems unlikely that they can have a standard deviation of
less than 5 per cent, and they might amount to nearly all the observed

scatter, In that case, errors attridutadle to

scale transformation are probably no more than j(9.5; - (5.0) = 8,1
percent and may be considerably less, In any case we conclude that the
theory satisfies practical accuracy requirements for the prediction of
peak overpressures within the range of altitudes and overpressures cove

ered by the present data,

4.1.2 Effect of Wind

Since the total amount of air passed over dy the shock
front in reaching a given distance is slightly greater in the upwind
than in the downwind direction, it is to be expected that the peak overw
pressure at a given distance will be slightly smaller in the upwind di=-
rection, In Figure 4,1 the percentage deviation from the comparison
curve is plotted against the average component of wind velocity along
the direction from explosion to gage, a positive sign being taken for
the latter when the average wind component is in the direction of shock
propagation and a negative sign when it is in the opposite direction.
The deviations show some negative correlation with wind veloeity, which
is in the opposite sense from that which was to be expected, However,
becanse of the assymetry of the actual canister positions, this appar-
ent correlation could be made to disappear by a slight change in the
comparison curve used, It is therefore considered that the real effect
of wind in these tests is #0 small that it is masked by the random scate
ter of the data,

4.1.3 Free Air Peak Overpressure vs, Distance

Because of the uncertainty in the assumed reflection factor
»
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used in reducing the observed data to equivalent free air values for

1 KT, the resultant free air peak overpressure vs, distance curve must
be regarded as tentative, Nevertheloss, it is of interest to note that
the overpressure ve, distance curve given by equation (3.1) is remarke
ably close to the TUMBLER composite curve based on the Naval O ce
Iaboratory’s measurements in the region of high onrpronuru.J The
two curves are compared in FPigure 4,2, Equation (3,1) falls about 9
per cent above the TUMBIER composite curve at the 10 psi. level and the
difference diminishes at both higher and lower overpressures, The two 1
curves interaect at about 270 psi, No significance is attached to this
agreement at very high overpressuros, since there is no a priori reason
for expecting the purely empirical formula (3.1) to be applicable so
far beyond the range of overprossures for which it was derived, but the
convergence of the two curves in the range of overpressures between
those covered by the Naval Ordnance laboratory data and the proesent re-
sults indicates very satisfactory consistency between the two sets of
data,

4.2 KECOMMENDATIONS

It is considered that the present results confirm the practical
validity of the Fuche scaling law for altitude effects, dbut the extra~
polation of the normalized free air peak overpressure curve to low
overpressure may still dbe questionadble because of the necessity of use
ing an assumed reflection factor in the reduction of the data. This
extrapolation is particularly important in connection with the calcu-
lation of blast effects on aircraft, It is therefore recommended that
similar blast pressure measurements be uade with parachute~borne gages
distridbuted adbout an atomic bomd fired at a sufficient altitude to give
a clear separation of the direct and reflected shocks over a large
range of distances, At the sane time it would be desirable to obtain
data on the path of the triple point at high altitudes, Since the
present tests showed no detectable asymmetry in the pressure pattern
because of wind, it is considered that these odbjectives can be accom=
plished with two vertical arrays, one placed approximately above the
bomb and one offset horizontally in a position to intercept the expecw
ted path of the triple point and to measure the blast pressure in and
above the Mach stea,

2/Operation TUMBIZR, Preliminary Test Data Purnished by Armed Forces
Special Weapons Project
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Yor the purpose of computing slant ranges from the observed trav-
el times the following procedure was adopted, Ve first consider an
fisothermal atmosphere at constant pressure Py and sound velooity o
with no wind, The travel time of a shock vave t0 a radial distance R
froa the source is

R al
bt/ udr (Aa1)
wvhere U is the shock wave velooity given by the Rankine~Hugoniot equa=
tion
Use, (1+ 55 45 (4:2)

¥ = 1.4 for air
A P Peak overpressure

: In order to evaluate the integral (A.l) numerically, the depen~

} dence of AP on R must be known, and this cannot in general be consid-
ored as given ia advance, However, {f we consider only ranges large
enough #0 that AP/Pp 18 a small quantity over a large part of the path,
1t is not necessary to knov AP as a function of E with great precisiea
to obtain fairly accurate values of ¢ as a function of R, and it s
sufficient to use the expected rather than the unknown actual wvalue of
AP(R) in calculating the integral. It i» possiDle then to compute the
average velooity, V& R/t, and express it as a function of either R or
t. BExpressed in this way, V depends on the yield of the source, but
if by using the expected values of overpressure as a function of range,
: V is expressed as a function of AP, the result is a relation that is

: independent of the yield of the source, This is posaidble because the

E yield scaling lav leaves velocity and pressure unchanged and transforms
: only distance and tize. ¥ith a measured valus of ¢ and AP from a

0 given gage, it 18 possible %o determine the wvalue of ¥V corresponding

k to the obeerved AP, and with this information the range corresponding

1 to the observed value of t can be computed without any prior knowledge
E of the yield of the source.

: . To go from the hypothetical homegeneous isothermal atmosphere %o 1
g ; the conditions of the actual atmosphere, use is made of a simplified ‘
- scaling law, wvhich Bond has shown to bde approximately equivalemt to

. °
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the more complex Fuchs scaling lu.ymu consists essentially of us-
ing the Sachs scale factor computed for the altitude of the pressure
gage rather than the altitude of the source. According to this law
overpressure is changed in the same ratio as amdbient pressure, so that
"/Po is unochanged, and the shock velocity is changed in the same ratio
as the velocity of sound, Thus if ¥ 1s an average value of the sound
veloaity over the path from source to gage, the ratioc U/¢, wvhen ex~
pressed as a function of aP/P, is approximately i ent of the am=
bient pressure and temperature at either source or gage as well as the
yield of the source, This function, vhen computed from the expected
overpressure vs, distance curve for 1 KT in a homogensous atmosphere,
is then directly applicadle to any yield in any atmosphere. Values of
this function obtained by numerical integration using the overpressure
vs. distance function given by equationms (3.)) and (3.2), are plotted
in Pigure A.l, In using this relation %o determine the average shock
velooity for a given valus of the ratio aP/P,, the way in which the
average sound velocity, €, is defined i{s not particularly eritical for
soderate accuracy requirements since ¢ varies by only 14 to 15 per ceat
between sea level and the tropopause. For the present purpose, o 1is

taken to de -
€(2) = (2-h -.l z
e (3)

where 5 is the altitude of the gage and h is that of the domd, Thie
function was computed from the meteorological data for each shot by mu-
merical integration,

The effect of wind velocity was taken into consideration dy add-
ing to the average shock veloocity the average component of wind vele-
oity projected on the line from shot to gage. Since the wind compon-
ent represents only a relatively small correction in the average shock
velocity, the way in which the average is defined is not eritical., In
the present case the average is defined by weighting the wind velecity
in esnah small inerement in altitude in proportion to the time that
would be taken for a sound wave to pass through the givea range of al-
titude,

As mentioned in Chapter 3 of the present report, the ranges com-
pated from the observed travel times, altitudes, and overpressure by
the above procedure are found %0 average about 2,2 per ceant larger
than the MOTS ranges. VYhile the accuracy of the basic data is not suf.
ficient to warrant a detailed analysis of the source of this amall aye-

5. v, voma, Jr.s
mosphere, 3C=1939 (Tr), Sandia Corporation, 1 July 1951,
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tematic error, it is worth pointing out that its sign is consistent wvith

the TUMBIER free alr peak overpressure curve, The TUMBLER curve falls
slightly delow the curve used in the present computations, and our com-

puted ranges should therefore be slightly too large.

S
§
| i UNCLASSIFIED ;




-
F.‘ —y— v  ERARES ' § T 1 1 T ™
e i et S ST SPE S ST SN SUeS Vet ..*...j....‘....g- e T e,
- T B B L e R ’ ]
R e I R L s St -.{....Y... L RRRES 4081 biats ose e B S S S S S B |
q >-—9 -....i.-..-. ....,...-1.---::. r L B I R SRS S R
5 K | ! T T 1
e R S ePes Seny + ISR ST W
VB B ...-..,.~..,.........-...4....5....;....1-.. SREEOERERZ "
- i e R R R e o I S
@ oty > Pteereeye “ren BRI R e PO 9. bt oo
=  BES + " * $omsey -
E . . - L e I it TR IR R e - L R o A =
- - e D R R L REE L T Tl IETUIR R emepa Ay B “ 9" e 8 e ea
e S S PEPRNRID SPPAPAPA— - - v " e e S
3 © R i = = Sy SN B N T R e s ] . > 4 ot ¢t o
- R e S S S g R it B S
1 e o o TSP SRS, R Bl B L B e T . ‘
R e T TR B B S S B L r s [ U rer Tuws S S S  Saadatade |
B S O R L T ST SPUS- S |
. IRISE DRSPS ETESE FISEITI RIS FEEEE JESEE ERITI T ST S
REREVRIEE 1] |
e T . e
| - . bt -
i . ! | B S SR DPPS FEFRF FEIGE ISTH S - i
. e e e ae . e R e i S e T .- ..
4 » . .. O sensvben » . [ . : . » |
. L R N AT . sened o o - . « |
_40 T e R i * -9 oo s obe {
—————a—e . paas- - bt s |
T IS PSS FISTIII Y S ’ W T W W |
. (bW s - S PP S SRR | |
pooe s st s ees s heesestesspirrsssianid ae ......-Q--..)....v....! ) S W cnsabissnsadan
—om P b . A - R e :
3 L I A e T LT LT yrweess R e L e T T R D i 4
b a st n. B T B shsafossssnncey i
| P W PIPE PR FSPe | T T N - dbsadissaiidiel "l

caned “

D e T T ]

PN DRSS po)

R ‘

sestdecssasceny

sddrcssdesostorsaduissbiod o+ a a4 dsa et s
‘ B T T T S Sy

PR
{

desabiesransant

PHE FERRL ST R W

4 ;
“"‘“""“:‘1‘.“i."'i““ ..-;’....r..‘. VW W -~ - - ..:.........:...-...‘..4 1
-3 : BB |
8 +
+

P

sasedosaibenas

vadeadorenand

FEIREIN BRUES ERENI 1O

FOPPSTETI TP B P sdadassssssl

|
uu.u«* sbssbrcsiten

- .i.
. ettt b Al b

o 003 00% 0.1 03

AP/ P,

D I S R

Pig. A.1 Ratio of Average Shock Velocity to Average Sound Veloeity (V/e) ;
as a Punction of the Ratio of Overpressure to Ambient Pressure (A P/Po)

-




- UNCLASSIFIED

METEOROIOGICAL DATA
TABIX B,1

Shot 5 Radiosonde Data for 7 May 1952, 12002 (=0500 PDT)

Sound ¥inod ¥ind
[True Altitude Pressure | Temperature| Velocity | Velocity | Direc=
(ft. adove MSL) (pst) (°c) (ft/vec) | (f%/sec) | tion
4127 12,78 18 1122 0 -

5000 12,28 18 1122 0 - |
6000 11,87 17 1120 » | 180 ]
7000 11,482 14 1115 e 180 :

8000 11,01 12 1111 S 180

9000 10459 9 1105 59 190

6 61 180

76 190

91 190

83 190

81 210

98 210

113 220

125 220

128 220

132 220

13 220

160 220

157 220
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TABIR B,?

Shot 8 Radiosonde Data for 5 June 1952, 1200Z (=0500 PDT)

N

Sound ¥ind ¥ind
True Altitude |Pressure | Temperature | Velocity | Veloeity | Direo=
(ft, sdove MSL)| (psi) (%) (fe/nec) | (£t/n0e) tion
4127 12,68 15 1117 5 340
5000 12.29 18 1122 3 340
6000 11,88 16 1118 3 270
7000 11,46 1% 1115 8 180
8000 11,06 12 1111 1?7 130
9000 10,68 10 1107 27 140
10,000 10,29 8 1103 29 130
12,000 9.56 b 1093 32 130
14,000 8.85 -1 1086 o 120
15,000 8.50 - 1079 34 130
16,000 8.17 5 1076 29 140
18,000 7456 - 1070 28 150
20,000 6,98 =10 1067 32 160
22,000 6.4k «lh 1059 35 170
24,000 5493 «19 1049 b2 190
25,000 5467 22 1043 a2 180
26,000 547 -2 1039 - 160
28,000 5403 =29 1026 » 170
30,000 b, 61 D ol 1017 32 180
35,000 3.7 B 996 76 210
40,000 2.92 53 976 79 200
7" 200
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APPRNDIX ©
ALZIYUDE SCAIE PACTORS
ABIR C,)
Shot §
Altitude Altitude
(xft, adove M.S.L.)| A AL (kft, adove N.S,L.) b L
b5 1,000 | 1,000 1945 1487 [1.150
545 1,021 | 1,002 20,5 1,533 |1.164
6.5 1,083 | 1,007 21,5 1,583 [1.1
75 1,066 1,012 22.5 1,634 11,197
8.5 1.092 1,020 2345 1,689 | 1,21
945 1,20 | 1,029 24,5 17w |1.233)
10.5 118 | 1,038 25.5 1,808 |1,
1.5 1.180 | 1.050 26.5 1.873 |1.27%
12.5 1.213 | 1,062 27.5 1.9%2 |1.29
13.5 1,246 | 1,073 28,5 2.0 1,38
18,5 1,282 | 1,008 29.5 2,091 | 1.340|
15.5 1.320 | 1,097 3045 2173 [1.362
16.5 13% | 1an .5 2,260 |1,
1745 139 | 1.2 32,5 2,353 | 1.1
18.5 12 | 1,038

Ay




Altitude
(B‘. adbove M.S.L.

(m. above .oao!n] x

&5

20.5 1,477

55

21.5

6.5

22,5 1,566

745

23.5

8.5

k.5

9e5

25.5

10,5

26.5

11.5

27.5

12.5

28,5

1345

29.5

14,5

30.5

1545

31.5

16,5

32.5

17.5

335

18.5

3.5

19.5

3545
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