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ABSTRACT

Project 1.10 measured static overpressure and dynamic pressure versus time over
surfaces possessing different pkysical properties on two tower shota, 6 and 12. On 8hot
12, three surfaces were provided: the natural desert, a water surface coasisting of &
flooded area, and an asphalt surface. On S8hot 6, desert and asphalt areas only were
available. There were 123 channels of instrumentation installed for Shot 12, and 24 for
Shot 6.

Althoigh some instrumental difficulties were encountered, usable records were ob-
tained 0. 141 of the 147 total gage channels. In contrast with previcus tests, no gage

tower or mount failures were experienced.
From the data, a system of wave-form classification was devised for overpressure

and dynamic-pressure-versus-time measurements. Incorporation of this system into
data analysis indicates that it {s possible {or an ideal peak pressure to be {dentifled
with a nonideal wave form. Introducing both variables, wave form and peak pressure,
int« analyses reduces ambiguities associated with comparing results of different nu-
clevr tests.

The data show the effect of the nature of the surface upon airblast phenomena from
a nuclear explosicn. Al .bhough the indication (s that the 8hot 12 water !ine did not pro-
vide entirely ideal conditions over its whole length, the measured disturbances were
markedly less than those observed on the desert line. The results from the asphalt line
show most severe deviation from classical behavior.

The effects o1 suriace conaitions upon shock phenomena are made more under-
standable by a review of temperature computations, using shock wave parameters in
addition to an analysis based upon the arrival time of the thermal pulse. A phenomen-
ological discussion of precursor formation i{s presented, and comparisons are made
using data from all known precursor-forming nuclear shots.

Two 8hot 12 drag-furce measurements on the H Beams are presented and discussed.
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FOREWORD

This report presents the final results of one of the 58 projects comprising the Military
Effects Program of Operation Teapot, which included 14 test detonations at the Nevada
Tert 8ite in 1958.

For overall Teapot military-effects tnformation, the reader is referred to the
¢ Summary Report of the Technical Direclur, Military Effects Program,’’ WT-1153,
which includes the following: (1) a description of each detonation including yleid, zero-
point location and ervironment, type of device, ambient atmoepheric conditions, etc.;
(2) a discussica of project results; (3) a summary of the objectives and results of each
project; (4) a listing of project reports for the iilitary Effects Program.

PREFACE

The planning and execution of Project 1.10 were under the direction of L. M. Ewift, with
L.H. Inman ssrving as fleld party chief. Other members of the fleld party included F.
Hempy, C.C. Hughes, D.C. Knirck, V.E. Krakow, R.V. Ohler, C.T. Vincent, and
C.M. Westbrook. E.J. Wells and Mrs. 8. R. Hornug assisted {n the data analysis.

The excellent planning and cooperation of CDR W. M. McLellan, USN, and Major
H.T. Bingham, USAF, Directorate of Weapons Effects Tesis, Field Command, AFSWP,

are gratefully acknowedged.
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Chapter |
INTRODUCTION

1.1 OBJECTIVE

The objective of Project 1.10 was to obtain data on the variation with ground range
of static overpressure (side-on) and dynamic pressure from a nuclear explosion uver a
dust-free water surface, an asphalt surfuce, and a natural desert surface.

Particular attention was given to the relationship between overpressure and dynamic
pressure in the ragions of expected perturbed wave forms. These data were to be used
for the modification and reinforcement of theory of blast effects and precursor formation.
Accurate theory would permit establishment of damage criteria under a variety of burst
conditions, when correlated with measurements of other blast phenomena. Specific data
were 1180 to be furnished to Programs 3 and § for use in analyzing structural effects.

1.2 BACKGRGUND

Prior to 1952, the optimum height of burst for maximum area of desired gruund
level peak overpreasure was obtained from Reference 1. This information was based on
theoretical considerations and extrapolation from small-scale experiments, and on
limited nuclear-explosion data from Bikini Able and a few tower shots. The Buster shots
fn 1951 indicated considerable disparity between predicted and observed pressures both
in amplitude and wave form (Reference 2). The Tumbler shots in 1952 were planned to
resolve some of these differences; the results confirmed that at certain relatively low-
scale heights of burst these discrepancies were real (Reference 3). On Tumbier Shot 4
(particularly at pressure levels above approximately 8-psi peak) amplitudes were re~
duced, rise times were increased, and tho velocity of propagation of the {irst effects
was increased. These effects were shown to be associated with the thermal radiation
acting jointly on the earth’s surface and on surface-produced dust clouds to produce a
thermal layer. Evidence indicated the existence of severe turbulence in these regions
of interest, which complicated the problem of delineating the behavior of the alast wave
by point mesasurements. Ai lnis uine & raiher satisfactory qualitative analysis of these
phenomena was formulated. Howcver, the quantitative data from Tumbler wore insuffi-
cient to permit developr-ent of analytical techniques that would allow predictions of the
magnitude of these disturbing effects under a given set of conditions other than for a
desert-like surface.

The Upshot-Knothole shots in 1953, particularly Shots 1, 10, and 11, provided a
great deal of uantitative data on these phenomena (References 4 and 5). Data from
these and previous shots permitted the deveiopmeni of analytical tschaiguss for predic-
tion of overpresaure to a satisfactory degree of accuracy, but it became increasingly
obvious that the correlation betweén peak cvorprossy
factory in t.ese regions of distorted wave forms. This was particularly true on Upshot-
Knothole Shot 10, where damage to several types of targets at some ground ranges was
{ar greater than that expected on the basis of the peak overpressure observed. A num-
ber of measurements of dynamic pressure were planned and conducted, but the rather
unexpccied damage to the gage mountings themselves reduced the usefulness of the data

(Reference 6). .3
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Program 1 of Operation Tesapot was therefore planned to give primary emphasis to
measurement of dynamic pressures in those regions where the relationship between dy-
namic pressure and overpressure remained questionable. Analysis of earlier data had
also indicated that the magnitude of these unpredicted effects probably depended on the
nature of surfaces involved; Teapot, therefore, included an investigation of the effects
of different types of surface upon blast phenomena.

Prior to Teapot, experimental data seemed to indicate that formation of the pre-
cursor was due to rcfraction of the incident shock wave by a layer of heated air near the
ground surface. It was believed that if the temperature of the heated layer were suffi-
clently high with respect to the ambient air above it, the velocity of this refracted shock
wave would be increased so that it would reach a ground radius station sooner than would
the incident (undisturbed) shock wave. The refracted wave, as it was propagated through
the heated air layer, also sent another shock wave into the ambient air above the thermal
layer (Reference 7). Although few dynamic-pressure measurements bad been obtained
in the precursor region, the data available :ndicated that the dynamic pressures in the

region ot aisturped blast waves were equal to or greater than ideal and much greater
than would be calculated from the measured overpressures using the classical Rankine-
Hugoniot relationship applicable across a shock front.

These abnurmally high dynamic-pressure measurements were at least partially ex-
plained when laboratory tests indicated that the pitot-static tube measurement is sensi-
tive to dust or other particulate ma.ter carried along by the shock wave. Differential
pressures measured in the precursor region are therefors believed to represent the
dynamic pressure of the air plus some portion of the dynamic pressure associated with
dust.

Before Teapot, very little data was available for determining the effect of the physi-
cal properties of the ground surface upon precursor wave formation and development.

A few measurements of distrubed blast waves over land and water and the resul's of the
smoke experiments on Upshot-Knoihole (Reference 7) indicated that conditions which
altered the physical characteristics at or near a surface could have a profound effect
upon measured pressures and wave forms. Furthermore, since it has bocome apparent
that pressure measurements are influenced by such parameters as dust density, near-
surface temperatures, and wind direction, the determination of these quantities assumes
a grealer importance than previously realized. For this reason, the Teapot program
included extonsive measurements of some of the more-fundamental blast parameters
for which presumably dependable instrumentation had been developed previously, and
included a limited number of exploratory measurements of the more-important physical
parameters.

Finally, a limited program of drag-force measurement on simple shapes was in-
claded. These measurements, when coupled with the pressure measurements at the
sume locations, could permit later correlation with wind-tunnel and shock-tube expert-
ments designued to investigate the drag forces developed by a precursor.

14
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Chapter 2
PROCEDURE

2.1 DESCRIPTION OF TESTS

The two Operation Teapot Shots with which this report {s concerned are Shots ¢ and
12 (see Table 2.1).

Blast measurements on Shot 6, although limited in number, were included to explore
the effects of different types of ground surface (desert and asphalt). In addition, it was
thought *hat Teapot Shot 6 data could help clarify the results obtained on Upehot-Knothole
Shot 10 (Reference 4), which was detonated at approximately the same burst height.

Shot 12 measurements, taken over three different surfaces (desert, asphalt, and
water), were designed to obtain detailed information on the effects dus to surface pro-
perties in the region of disturbed blast waves. Also, it was hoped that the measurements
would yield definitive data on pitot-tubs dynamic pressure, few of which were available

from nuclear tests prior to Teapot. .

2.2 GAGE LAYOUTS .

2.2.1 Siot 6. The gage layout for Shot 6 (Figure 2.1) was designed to obtain maxi-
mum information practicable with the 24 avallable gage channels. Since ground zero was «-c...
located near the northern edge of the paved area in Area T-7-1, blast lines were extended : -°°
both north over the desert area and south over the paved area. The availability of these L.,
surfaces, similar to two of those used on Shot 12, was the basis of the decision to tnstru- _....
ment this shot. However, the desert surface in this area was rough and boulder-strewn, )
in contrast with the smooth surface of the Frenchman Flat area of 8ot 12. Also, the
asphalt suriace was broken and ridged in places, but still provided a definite contrastto .’ °.
the desert surface and was much greater in length and span than ths Shot 12 asphalt line. . .
On each line, gage stations were located to concentrate on the region of probable transi-
tion between precursor and normal wave forms. Ground ranges of 1,300, 1,650, and Seeeel
2,000 feet in each direction were chosen as those most likely to producv the critical in-
formation, based on the pretest estimate «{ yield and on the results of Upshot-Knothole
Shot 10.

It was decided tha. ..essurements of suriace-{eve!l overpressure, and of overpressure
and dynar-ic pressure (using a pitot-tube gage) at 10-foot elevation at each station would
provide maximum useful information. To compute corrections to the measured dynamic
pressure corresponding to variations in pitch angie of flow, pitch gages at 10 feet were
included at each gnge station. (The angle of pitch {s defined as the flow angie measured
in that vertical plane which is determined by the pitch gage and ground zero. )

2.2.2 Shot 12. The gage layout for Shot 12 (Figures 2.2 and 2.3) was a complex
problem. The general concept of Program 1 for this shot was to instrument three dif-
ferent blast lines: one over a water surface, one over an asphalt surface, and the third
over the natural desert. An effort was made to locate gages or each line to obtain the
maximum information of interest and the maximum correlaticn between lines. A number
of projects participated, and the resultant gage layout for Project 1.10 represented, {n

15
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some instances, a compromise between interests for the best overall program rusulte.
The general principle followed in instrument layout was as follows. Surface-level
air pressures were measured at sufficient stations along each line to provide correlation
with other shots and general information a8 to pressure level versus radius. Above-
ground (10-foot) overpressure was meacured at a few stations on each line for further
correlaticn with other shots and for determination of any pressure gradients which might R
be detectable. Dynamic pressures with their associated overpressures were measured
at 3- and 10-foot heights at intervals determined partly by practicability of towers and
partly by the usefuiness of this information to other projects and programs. At one sta-

TABLE 3.1 DESCRIPTION OF TISTS

Code lLocauoca Blast-Line Atmoe. Press. Air Temp
ot Name Date (Ares) Surtace Yield Height GZ  Buret Ht GZ  BRurst Mt
n fn mb mb C ‘C

[ ] Bes Mar 22, 1988 T-7-la Desert 7.7 3500 Tower [ (] [ X} l.¢ 30
(Ywoon) Asphalt

13 Mot Apr 18, 1988 Freschmaa Water 22.0 400 Toser 908 [12) 1% 10.9
Tiat Desert
Asphalt

tion on each line, investigation was made of the variation of dynamic prcssures with
heights up to 40 feet. At two stations (1,500 and 2,500 feet) on the water line, the pitot-
tube measurements were made at locations which were displaced from the main blast

line (see Figure 2.4). It was hoped that these measurements would aid in determining

the extent and time of feed-in of disturbances from the desert surface. Measurements

on the water and asphalt lines were restricted in radius to that of the lines themselves.

In general, for each gage measuring dynamic pressure, associated measuremeant of

pitch was made by Project 1.11 (Sandia Corporation) for correction of measuzed pressures
and for study of flow characteristics. Full detail of the gage layouts can be obtained from
Figures 2.2 through 2.4. In conjunction with this project, seven inatrument channels were
supplied to Project 3.6 for their direct use, not connected with free-field phenomeunology.
Two channeis were used for measurements of loading on beams under Project 3.2. These
beam devices were located at 200- and 2,500~foot ground range on the desert line.

2.3 PREDICTIONS

In planning & experiment of this type, it is necessary to predict the values of the
functions to be measured with an accuracy sufficient to allow the sensitivity of each chan-
nel to be set closely enough so that satisfactory deflections will be recorded. For best
results, these should be within a factor of two from the true values.

Sufficient'data were available (References 3, 4, and 5) from shots at similar heights
of burst over desert soil to permit reasonably dependable predictions of peak overpressure
versus radius for the desert lines of both shots. Thess same predictions were used for
the asphalt lines, under the assumption that thermal effects would be simiiar to those on
the desert ltnes. For prediction purposes, an ideal curve was constructed for the water—
line of Shot 12, based on the free-air curve and assumed reflection factors.

Predictions of dynamic pressure on the desert lines were based largely on data from
Upshot-Knothole Shots 1, 10, and 11 (References 4 and 8). While not as complete as over-
pressure data, they were sufficient to permit reasonably dependable predictions. For the .
water line, predictions were based on the theoretical relationships between overpressure
and dynamic pressure, using the ideal curve of overpressure as a basis for calculation.
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For the asphalt lines, no specific method of prediction could be agreed upon. [t was
generally agreed, however, that dynamic pressures on these lines should fall between
those on the desert line and those in the ideal case, thus establishing a lower and upper
limit. Predic fons for range setting, then, were based cn a logarithmic mean between
those for the de. ert and water lines.

These predic fons for Shot 12 were prepared by Directorate of Weapons Effects Tests,
Field Command, AFSWP, and distributed at FCWET/54-1589-0 on 26 October 1954.

2.4 GAGE CODING

For identification of channeis and recorded traces with their proper gages, a system-
atic coding was adopted for nomenclature. Station numbers were assigned to each gage
range on each line. These numbers were used as the first part of the gage code. The
second part of the gage code was a letter indicating the nature of the measurement. In
this project, these letters were B for air blast measurcd by conventional baffle-mounted
gages, P for air blast measured as the side-on (overpressure) component of the pitot-tube
gage. Q for measured dynamic pressures, and Y for pitch. A third part of the code, where
necessary, indicated the height of a gage above the surface in feet. Typical gage code
numbers might be 61B10, a baffle gage at Station 61, 10 feet high; or 2B, a baffle gage at
Station 2, baffle flush with ground surface; or 47P3, an overpressure gage at the static
orifice of a pitot-tube at Station 47, 3 feet high; or J1Q3, a pressure gage at the nose of
a pitot-tube at Station 31, 3 feet high.

2.5 INSTRUMENTATION

All channels of instrumentation were essentially identical to those described in pre- @ . : °

vious reports (Reference 3). Wiancko balanced, variable-reluctance pressure transducers......
were connected through modified Wiancko equipment to William Miller Corporatioa osoillo= .
graph recorders. Provisions were included for applying automatically a synthetic calibrate.....
ing signal to each channel immediately prior to zero time t compare {inal deflection oa the -'";
record with the deflection produced by the same signal at the time of calibration. A highly: .--,
accurate timing signal of 100 cps and 1,000 cps was also applied to all recorders simul- . ....
taneously from a single source. Thiz signal had a time accuracy of better than 10 parts
per millioa and provided meaans for accurate time correlation of records. @ ..... g

The prime power supply for all instrunients during actual shots was a bank of storage .° °.
batteries. Suitable conveiters were used to produce 115 volts for compoosats requiring
thia type of supply. An !ndividual convorter was used for each rectifier power supply,
thus minimizing the probability of gross failure due to coaverter failure. Seead

On Shot 12, there were 132 gage channels connected. Of these, 72 were connected
to dual recording systems coasisting of one galvanometsr oa each of two recorders.
These dual channels were assigned to those gages which were considered to be most im-
portant, to minimire Juss of important data due to any possible single recorder fatlure.
On 32 of those 72 channels, one of the gaivanometers had a natural frequency of 200 cps,
whereas the remaining galvanometers ware of 300-cps oatural frequency. The channels
incorporsting one 200-cps galvanometer were used on gages where the uncertainty of the
predicted peak was greatest and where the expected signal would not be degraded sppre-
ciably by the reduced frequency response of the lower-{requency galvanometer. B8ince
there was an appreciable difference in the sensitivity of the two galvanometers thus used
on & singls channel, a wider rangs of input signal could be accommodated without loss of
data (provided both recorders operated properly).

a1
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On 8hot 12, two recording shelters were used, F-223, and F-712. The .ormer con-
tained 84 cnannels of terminal equipment, the latter 48. This separation was made be-
cause of limitations in space In existing recording shelters and because a saving in total
cable and ditch lengths could be achi wved.

On 8hot 6, 24 gage clannels were connected and fed to two recorders. Each of these
channele used dual recording as described above. Eight used galvanometers of two fre-
quencies as a protection against recorder failure. For this shot all terminal instruments
and recorders were mounted in a single shelter, F-235, located about 1,700 feet from
ground zero (Figure 2.1).

Instruments were powered at suitable times before zero time by Edgerton, Germes-
hausen, and Grier (EQ & Q) relay circuits, with lock-in relays controlled by a time-delay

1700°
Y0 6z
SANDBAGS
NATURAL
STEEL Z Gk GRADE ~
COVER E.LATES q FT EARTH
(~ '/g ’ - — = —
e - o . e o° ° .
. M 1® 6 0o g o L o L=
% - []. - f—2FT REWFoRrcED
‘. . CONCRETE
ACCESS PORT | = .-
°*.'e .;'- .0 e o o * ., ® \RECOROERS

Figure 2.5 Instrumen® shelter, Shot 6.

relay in order to continue operation for approximately one minute a’ter zerv time, even
though the EG & G relays dropped out sooner. Utmost attention was paid to circuitry and
procedures to ensure maximum reliability of operation. Dual relay contacts or dual re-
lays were used wherever feasible. A separate recording was made of the output voltage
of each power osctllator supplying the carrier power to a group of 12 gages. Thus, cor-
rection might be made In the {inal data reduction for any change in output voltage due to
shorted cables or other mishaps during the shot. A multipen recorder was connaocted io
provide a record of operating time and sequence of various elements so that any failure
might be traced to {ts source in a post-test study.

Schematic diagrams of the recording shelters used on Shots 8 and 12 are shows in
Figures 2.5 and 2.6. It should be noted that, while the Shot 6 sheltsr and the rear shelter
of Shot 12 wers completely buried, most of the Shot 12 {front shelter (2400 fcet from
ground zero) was above the natural grace. This necessitated an earth covyr over the
shelter for protection of the recording pape) against radiation fogging (see Figure 2.6).
From previous experience, it was decided ., .« shieldiag which reduced the integrated
radiation dosage within the shelter to below .0 roenigens would be acceptable. Using the
prompt- and residual-radiation data obtained on Jpshot-Knothole and the 10-roentgen
limit, it was possible to compute the necessary shielding thickness required. It was
further assumed that earth shielding was spproximately 60 percent as effective as ccn-
crete of the same thiciness. The calculstion for the §hot 12 front shelter ylsidod the
requirement 2f about 40 Inches of earth co: ering the sbhelter. As shown in Figure 2.6,
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an additional 18 !nches oi earth cover was added nn the ground-zero side of the shelter
a8 8 safety factor. The natural earth cover over the other two shelters was adequate for
shielding.

Before each shot, the access holes into each shelter were covered with a heavy steel
plate (about one-half inch thick) and covered with sandbags, as illusirated in tie figures.
Post-shot observations on recording-paper fogging will be die~:eged in Chapter 4.

2.5.1 Gages. The Wiancko pressure gages used to measure overpressure were iden-
tical with those used in previous operations (References 3 and 4). Damping of all gages
was checked prior to vperation and was adjusted to provide a maximum of damp:ng con-
sistent with a minimum iise time. Since the damping of these gages is slightly non-linear,
this procedure results in a value of damping which permits an appreciable overshoot at
the natural frequency of the gage, which varies from 1,400 to 1,800 cps. However. since
the frequency response of the recording system was limited by the characteristics of the
galvanometers, this overshoot did not appear on the final record (see Section 2.5.3).

The instruments used as differcntial gages in the pitot-tube assemblies were similar
to those used for measurement of overpressurs, except that all damping was removed.
This procedure had been found desirahle because the sensitive element of the gage in
this use is exposed to & certain amount of dust which passes the filter. When grease is
uscd a3 & damping element, this dust collects on the grease and introduces the dunger of
blocking the gage mechanism for a portion of the record. These and the associated over-
pressure gages were mounted in a pitot-tube housing essentially identical to those devel-
oped and previously described by Sandia Corporation (Reference 8). The general con-
struction of this pitot-tube head is shown in Figure 2.7.

Because the gage which measures dynamic pressure in a pitot tube operates as a
differential sensor, arrival times of the shock wave determined by this gage are not con-
sidered relfable. The arrival-time data used {n this report are therefore taken from the
pitot-tube overpressure gage and overpressure baffle-gage measurements.

Actual pressures at the tot: |- and static-pressure inlets of the pilot-tube depend
upon the angle between the direction of flow and the axis of the tube, as well as upon the
Msach number of the flow. This will be discussed more fully in Chapter 4. Also, for
this series of measurements (since only a head-on dynamic pressure was measured) "o
attempt was made to determine dynamic pressures in the negative phase. For this rea-
son, the positive-phase-duration of the pitot-tube dynamic pressure is not considered
reliable.

2.5.2 Gage Mounting. All baffle-mounted pressure gages were mounted with their
inlets at the center uf a ! 7-inch-diameter cast-aluminum baffle. Where the gage was at
ground level, this baffle was cemented flush with the earth surface and held in place by
2 buried anchor. Where it was above the surface, the baffle was crieated in a verical
plane passing through ground zero and offset from the gage tower about 14 inchus.

All pitot-tube gages were mounted in a special adapter mount waich projected for-
ward from the mounting tower so that the side openiag of the pitot-tube gage was approx-
imately 30 inches abead of the vortical portion of the tower. The mounting was tapered
to provide additional strength and to proviis a degree of fairing between the small-d‘amoter
gage and the large-diameter tower.

A standardized mounting was adopted for all gages. Including the pitch and yaw gages
used by Sandia Corporation. This basic mount corsisted of a heavy flange (8 inches in
diameter) onto which any type of gage mount could be bolted.

The towers supporting aboveground gages were designed by the personnal of the
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office of the Director, Program 1. In the design of these towers, as well us that of the
gage mounts, every effort was made to engure maximum resistance to damage by over-
pressure and dynamic pressures. This was particularly true for those towers which
were installed at relatively short ground ranges. These precautions were considered
necessary because of the extensive gage and tower dumage experienced on Upshot—
Knothole Shot 10 and other similar shots. Typical gage installations on towers are
shown in Figures 2.8 and 2.9.

The two beam devicea, 3.2d1and 3.2d2 recorded on channels 7F3 and 9F3, were de-
signed to provice information on the drag factor of a standard cross section under condi-
tions of high drag loading. Figure 2.10 shows a general view of one of these structures.
The 12-inch H-beam was mounted to provide a simple beam of 10-foot length with two
1-foot end sections to eliminate end effects. A Wiancko strain jage was mounted betwecen
short straps welded to the back edges of the flanges at the center. Frow fhe deflection
of the strain gage, the loading on the beam could be calculated.

2.5.8 Instrument Response. Tho response time of the pressure-gage recording sys-
tem was determined by the characteristics of the recording galvanometers used. The
300-cps (nominal) galvanometers had an undamped natural frequency of 315 to 340 cps
and were damped to have an overshoot of approximately 7.5 percent. This corresponds
to a damping factor of approximately (.65 and provides a nominal rise time (to 90 percent
of final amplitude) of 1.3 msec. The nominal 200-cps galvanometers had an actual un-
damped natural [requency of 200 to 230 cps and were similarly damped to give a nominal
rise time of approximately 1.8 msec. Since the rise time of the Wiancko gages when pro-
perly adjusted was appreciably smaller than either of these galvanometer risa times, it
{s eviden! that the response of the galvanometer was the limiting feature of the response

of the system.
The Wiancko gage with ite associated recording system is basically flat down to

steady-state conditions. However, to avoid drift due to changes in tomperature or ambient

pressure, the cases of the lower-ra.ge gages are provided with a bleed plug. Thus, any
pressure difference between the inside and outside of the case will be equrlized over a
period of time. The time constant of this bleed plug was adjusted to a minimum of 30
seoonds so that it would bave no effect on the recording of a blast wave of normal duration.
As a consequence, the low-frequency response of the gage system may be considered as
completely flat.

2.5.4 Calibration. Each pressure gage was calibrated in the field by the application
of several values of static overpressure after the gage had been inatalled in its final lo~
cation and connected to its associated equipment for the shot. After each shot. a post-
shot calibration was performed to check stability of the system. Calibzations for spe-

cific sages will be found in Appendix C.
In the calibration procedure, several pressures ranging from zero to well above the

expected peak were applied to the gage in sequence. For each pressure, the galvanometer

deflection was noted and recorded; in addition, the daflection caused by a signal of known
magnitude injected into the gage circuit was recorded. From the former deflection, a
calibrativna curve of deflection versus pressure was constructed: the latter deflection
served to correct for any changes in sensitivity of the recording system between calibra-
tion and the {inal tests, since an identical signal was injested on the final record about
four seconds before zero time.

The sirain-gage—H-beam system was calibrated in the field using a hydralic jack
to provide u static load. The jack loaded the beam at the span center with the assumption
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Figure 2.9 Side-on baffle and pitot-tubs instaliation on 10-foot tower.
ai
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that this type of loading was equivalent to a distributed load of double the applied magniti:de.

2.8.5 Accuracy. In the absence of =xcessive acceleration and/or high temperature,
it is belleved that the calibration procedure assures that the Wiancko gage measurements
are reliable to within +5 percent of the actual pressures. Low-pressure me&surements,
far below nominal gagn rating, may be somewhat leas accurate. Moreover, in regions
of disturbed blast waves, where drag fcices on gage towers are large and gage internal
temperature may be high, it is difficult to assign an overall accuracy.

Subsequent to Teapot, a program of laboratory testing was undertaken to determine
the effect of gage acceleration upon pressure sensing. The conclusion was that accelera-
tion imposed while ihe gage was reocording pressure could have a significant effect upon
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Figure 2.10 Beam device, general view.

the measurement. Details of these tests and the discussion of the results are included

in Appendix A. In the absence of actral acceleration-versus-time data for the gage
mounts, it is necessary to 'ook into indirect means for determining the effects of gage
acoeleration upon pressure me.surements. One such method is described in Appendix A;
namely, any response to transverse or vertical acceleration of the pitot-tube mount
should be in the same sense (i. e., positive or negative) cn both pitot gages. Careful
examination of the gage records from Shots 6 and 12 show high-frequency distrubances,
but thare appears to be no phass relationship between disturbances observed on the p
(pitot) and q (pitot) records. For this reason, it appears that the accuracy of the Project
1.10 pressure measurements is not significantly atfected by gage~-mount acceleration.
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Chapter 3
OPERATIONS

3.1 SHOT 6

At the start of field cnerations, Shot 6 was scheduled after Shot 12. When this order
was changed, it became necessary to remove terminal equipment from Shot 12 temporar-
ily. This equipment (gage cables and the gages) was installed beginning 1 March 1955,
and was ready on 15 March. No unusual difficulties were caused by weather or other
conditions. The shot was fired on 22 March, and all terminal equipment was removed
for reinstallation in Frenchman Flat on the same day. No post-test calibration was con-
ducted, and gage installations were removed on 6 April.

3.2 SHOT 12

Work was begun on the installation of project equipment for Shot 12 on 12 February
1955. Cables were firs: laid to gage stations on the water line from Shelter F-712. A
leak in the reservoir dike adjacent to the water line had flouded a portion of the cable
trenches, and & few cables were of necessity laid in very wet trenches. During the laying
of the cables and before all trenches were back-filled, a severe rain on 16—-17 February

flooded the entire area so that much of the cable-treach back-fill was severely wateriogged. . -,

Although special care had been taken in insulation of cable splices and although plastio-
insulated cable was used in runs extending under the water line, some cases of cable
leakage to ground resulted from the flood. The majority of these dried out eventually,
but some undue leakage remained. Although this cable leakage alters the channel sensi-
tivity, the procedure of pre- and post-test calibration eliminated any possible ambigui-
ties in the data.

The opcn cable trenches for the desert und asphalt lines were almost completely
filled by this flood, which was followed by a severe freeze, hampering efforts to pump
out the water. Cables from Shelter F-223 to the desert and asphalt lines were first laid
alongside these trenches and placed in the trenches only after a major part of the water
had dried out.

In the meantime, terminal equipment had been installed in Shelters F-712 and F-223.
The cabl. entries of the latter (underground) shelter were open at the time of the flood,
but suitable earth fill was placed in the treaches and no damage resulted.

By 1 March, essentially all gages had been placed and circuits checked. (A few gage
installations were delayed pending completion of construction. ) At this time, it was ne=-
cessary to remove all recorders, as well as a portion of the Wiancko equipment, for use
on Project 1.7 (Shot 7) and on 8hot 6.

All of the equipment was returned to the shelters by 28 March, calibration of all
gage channels was performed, {inal installations ware made, and a condition of readi-
ness was attained by 4 April. Figures 3.1 and 3.2 show general pre-shot views of the
Shot 12 desert and water lines, respectively. A more comprehensive view of the Ebot 12
test area s shown in Figure 3.3.

Final check-outs and “button-up’’ were first made on 7 April, but were repeated on
14 April for the shot on 15 April. Records were recovered on 15 April, and post-test
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Figure 3.2 General view. Shot 12, water line.
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Figure 3.3 Geceral view, Shot 12, test area.
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calibrations started on 18 April. Equipment was recovered oa 20-21 April, and the

field crew left the Nevada Test Site at toat time. 3
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Chapter 4
RESULTS

4.1 INSTRUMENTATION PERFORMANCE

4.1.1 Shot 6. Of the 24 gage channels inatalled on this shot, two failed to produce
records due to electrical gage fallure at approximately zero time. This fallure was
apparently caused by thr electromagnetic induction signal, in spite of the protective
circuits used. Examination of one of these gages, a pitch gage, showed the potentiom-
eter element completely burned out. The other, the differential pressure gage in one
pitot tube, showed an arc-over of one coil, causing severe unbalance.

The remaining 22 channels gave completely satisfactory records, with no cable
breaks or other trouble, except that the photographic records were slightly fogged by
radiation. There is little evidence to show whether this was due to direct prompt, back-
scattered prompt, or residual radiation, except that the steel cover plate near the
ground surface was highly radioactive when the records were recovered at about H + 5
hours. Thus, the radiation fogging was very probably due to back-scattered prompt or
residua] radistion-—the direct prompt component is virtually ruled out by the geometry

(see Figure 2.5).

4.1.2 Shot 12. Of the 132 channels installed on 8hot 12, four were lost at zero
time due to gage dumage similar to that experienced on 8hot 6. In addition, the electri-
cal fatlure ot three of the four gages caused a combination of grounded connections
which resulted in the loss of synchronization of one of the power oscillators in Shelter
F-223 (rear shelter). This, in turn, introduced a beat signal on many of the 84 channels
recorded at that shelter station. This beat, superimposed on the recorded traces, in-
creased considerably the difficulty of reading the amplitudes and reproducing the wave
forms of the records.

At the conclusion of the fleld operation, the recording equipment was set up at 8RI,
and the beat signal was purposely reproduced and studied. By replacing the gage which
shorted to ground with a variable resistor and inductance, it was possible to establish
indefinitely that the shorted gage gave rise to the beats. The laboratory tests also ex-
tahlished the type and magnitude of the corrections which had to be applied to eliminate
the effects of the variations in the zero-input traces (base lines) on the oscillograph
records. As a result of these extensive laboratory tests and the care taken in correct-
Ing each trace, it s believed that the accuracy of the records was not seriously impared.

1be records from the three recorders located in the frott shelter on Shot 12
(F-1712) all showed radiation fogging. while those located in the rear shelter (F-223)
showed no such effect. Also, it was apparent that the records from Camera 3 were
more severely fogged than those from Cameras 1 and 2. This fact and reference o
Figure 2.6 indicates that the fogging radiation probably entered the shelter through the
access port, which was not sufficienly covered with sandbags. This supports the be-
llef that the principal cause of radiation fogging was back-scattered prompt radfation.

The two beam devices of Project 3.2 (Channels 7F 3 and 9 F3) gave readahle rec-
ords with no severe ringing present. Tbe records exhibit a gradual but large displace-
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ment starting at zero time. This peculiar behavior and the significance of the meas-

urement will be discussed in Chapter 5.
The data obtained for Project 3.6 have been turned over to the project officer.

4.2 DEFINITIONS OF MEASURED QUANTITIES

To clarify further discussions of the measurements obtained, it is worthwhile to
define and explain, as follows, the measured quantities as used in this report (see also
Table 4.1 for the symbols and notations used throughout).

TABLE 4.1 SYMBOLS AND NOTATION

[ speed of sound e* pitar) pitot tube dynamie presesre corrected for
A oroee sectioatl] ares er prejecied ares pitah aagle aad/er Mach aumber
c soaie velocity Q. total hermal scargy mormal)
Cq dreg eceffetent & Glasd/image
r foree Ry gA8 evsstant
9 . Re Roysslde sumber
K ¢ [} time
L losgth L1 tUme o sosoed thermal maximem
N Mask Der, w/a 8 rate of hoat release per wmit res
» » ' T shenlute tomperature !
Pe Teservolr or stagaatioa pressure ia . seiseity ol Oow
costisusus Oow v velosity of shesk fromt
’e reservelr or stagaalica pressure for | redicchemical yiald ceee
T ] ptsh asgle. sagle in plane daflasd by gage teeees
"t losal reserveir prossure bobind shesk ond grownd sere 8o 8
Gt mensred by npass ke y ratte of apeeifie heats, C,/C, e
p Gltst) presswse measured &l the statie erifics P
o4 3 ploss tak b Kmenatin Ve I
P ° Glist) plist tube pressure sorrested for plish L Shenizte vissosty csosee
sagle and/er Mach mumber » s decunity § -
] dysimie pressure Dubsoripts: 1. Cenditiens just wpetream of & shosk veve
q Ptst) dysimie pressure measured by & dferential LE :mmm‘.“ .....
gage pitet tube instrument *eeeee
! Without subseripts. p, ». and T dencte statie pressure. 5
statie density, Aad stalie emperamre, regpectively. ':“:
In aerodynamic theory, under certain coaditions, the air density may vary suffi-

clently to cause the flow behavior to depart appreciably from that predicted by the
incompressible-fluid theory. The new flow behavior may be computed, in some cases,
in terms of corrections or alterations to known incompressible fluid flow solutions; in
other cases, entirely new types of flow solutions are necessary. For aerodynamics,
compressibility effects generally become of engineering importance when speed
changes (i. e., relative speeds) of the fluid, or of bodies relative to the fluld, become
appreciably large compared with the speed of sound in the fluld (of the order one half
or more).

Many of the characteristic festures of the flow of a compressible fluid may be
studied by investigating motion {n one dimensioa. The general one-dimensional flow
problem is to find the pressure p, velocity u, and density p distribution in a channel
or stream tube. For steady fiow of an isentropic compressible fluid, Bernoulli’s eq-
uation becomes:

3
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The pressure pg 18 sometimes called the reservoir or stagnation pressure for the
flow, since it corresponds to the pressure in a reservoir out of which flow would issue
and accelerate isentropically (1. e., without change in entropy) to speed u and pres-
sure p. In compressible fluld flow, pg corresponds to the total head; however, Equa-
tion 4.1 Indicates that for compressible Jow, the dynamic pressure, defined by Equa-
tion 4.2, is no longer the difference beiwecn the local free stream pressure p and the

total head po.

1
9 - T pu (4.2)

At any point in a real fluid flow, a fictitious reservoir pressure, i. e., the stagna-
tion pressure, may be deflned if the flow at that point : 'magined to be decelerated
{sentropically to zero speed. If the flow as a whole is ncnisentropic, this reservels

pressure will vary from place to place in the flow.
The local speed of sound, a, !s related to the pressure and density by the relation:

o % < OR,T (4.3)
s The ratio u/a {s the Mach number (M) of the flow. Since the speed of sound is an index
5 & of the compressibility of the gas, tho Mach number will be an indication of the extent to
e which density changes may be important {n the flow. In addition, the term u? s propor-
R tional to the local kinetic energy of the flow, whereas a? {s proportional to the tempera-
cee ture T and therefore to the local thermal energy of the gas. Thus, M? is proportional

ol to the ratio between local kinetic and thermal energies in the gas.

%, § The dynamic pressure, ; pu?l, {s related to the overpressure and to the Mach num-

. ber very simply:

: !

1 2

L0 q e = pu - Hﬂ . 7—’.' (“)

: 2 7 2
:i:: For lsentropic channel flow:

LCR R 2 B LA (4.%)
P 2

Combining Equations 4.4 and 4.5 ylelds the equation for the difference between
reservior or stagnation pressure and the overpresasure:

Peg - P Py =P 9 2 -1 v/y-1
Y — - — (l + 7 ',) - l (‘ 6,
9 P ),xl 7.! 2

For values of M less than vI y-1 , this may be expanded in a power serfes:
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Py = P - 5 - -
° N 1+ l" . 2 ')’Ml,(l 7)(3 2y) ‘l NP (4.7)

q 4 24 192
Combining this last relation with Equation ¢.4 yleld:
Py = P .
i(' ) . W 1ol-u'¢—l-u‘o-—l—u‘.--. (4.8)
Y\ P 4 40 1600

Therefore, for Mach numbers less than 1, an error of less than 0.1 percent is made

if only three terms of the series are used. It an incompressible fluid, the Mach num-
ber must always be zero, since the spead of sound will be infinite. For this case, Eq-
uation 4.7 gives the usual result; i. e., the difference between stagnation and local
pressure oquals the dynamic pressure. Equation 4.7 {s sometimes called the pitot-tube
equstion because of its application in correcting pitot-tube readings.

The foregoing discussion has been concerned with the continuous one-dimensional
flow of » nonviscous fluid. It is now poasible to proceed to consideration of normal
shock w.es, for which sudden and flnite changes in velocity, pressure, and density
can be shown to satisfy the pasic equations of the motion. Tho analysis resuits in the
familiar Rankine-Hugoniot relations for stationary shocks, which can be written:

2 . (y+1)p, - (y-1)p .
P, (y+1)p - (y-1)p,

or:
Py v, (ry+1)p, *+ (y - 1)p,

These relations are different from the isentropic relation between pressure and
density changes, which holds for continuous flow in a channel, and can be thought of as
replacing it for this shock case. For a moving shock wave, which corresponds more
exactly to the Aeld-test condition, the Rankine-Hugoniot conditions lead to:

3
v 1 P
—_— . —(7-1)0(71])—'- (¢.11)
o! 28 P,
1
And p'
= i (4.12)
U P
(y - 1)+ (y +1) 2
Py
38
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Where: v = velocity of the shock front into the undisturbed medium
a; = sound velocity in that same medium

To determine the local dynamic pressure (sce Equation 4.4) when the local reser-
voir pressure is not known, as behind a shock wave, for instance, an additional measure-
ment must be made. An impact or total bead tube {8 often used for this purpose. As
statec previously, in subsonic flow it is generally assumed that the frce-stream flow at
Mach number M, and pressure p {s decelerated isentropically to the stagnation point of
the impact tube; therefore, the pressure p; measured there is the local reservoir pres-
sure, po, of the flow.

The dynamic presasure is related to the difference between the total head and over-
pressure by Equatifon 4.7. Overpressure is often measured at an orifice located on the
side of the total head tube (see Figure 2.7 for detulled diagram of pitot tube). Pltot lubes
of standard design give satisfactory resuits up to the polnt where local shock waves
begin to form around them

When the free-stream Mach number M, is greater than 1.0, the deceleration to the
nose of the impact tube cannot be isentropic, for a shock wave must form in front of the
impact tube as shown in Figure 4.1. Since the shock wave {s normal immediately in
front of such a body, the air on the streamline reaching the stagnation point has presum-
ably pzssed through a normal shock wave. After the ehock wave, thc air may be assumed
to decelerate lsentropically to the stagnation point, so that the measured impact pressure
py 1s equal to the reservoir pressure for the flow behind the normal shock po’ - The
change in reservoir pressure across the shock wave, Po/Po’ . may be computed and, when

combined with Equation 4.5, ylelds:

g

2y 1 oy - 1|Vt
+ 1 'l - + U
L& 94 Y (4.13)

I" P. y ¢+ 1 y/y-1
7

This equation relating the observed {mpact pressure and free stream static pressure is
known as the supersonic pitot-tube equation. The equivalent relation below the speed of
sound {s given by Equation 4.5, which might be called the subsonic pitot-tube equation.
At M =1, Equations 4.5 and 4.13 become identical.

Overpressure measured in the viclnity of the impact tube in the supersonic case is
in general not the {ree-stream static pressure; therefore the static orifice of a conven-
tional pitot tube does not measure the free-stream ntatic pressure, because the orifice
is affected by the shock wave asscciated with the pitot tube. This factor will be dis-
cussed ruore fully {n Section 4.3.1, which deals with corrections to be applied to pitot-
tube measurements.

Because of the possible confusion between the deflnitions of dynamic pressure and
overpreasure (sometimes referred to as side-oa or static pressure) and the meusure-
raents oblained with the pitot tube, a system of notation has been adopted for this report
which msy eliminate some of the ambiguity. The notation q(pitot) and p (pitot) will be
used to designate the dynamic and free-stream pressure as measured by the gages
mounted {a the tube (see Figure 2.7), whereas q°(pitot) and p*(pitot) will designate these
same quantities after coriection for pitch angle of flow and/or Mach number.
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4.3 RECORD REAULN/} *ND DATA REDUCTION

Since the majority of the recorded traces were quite cupiex, it was fuund desirable
to trace the records, one gage record per sheet, before any attempt was made to read
amplitude versus time. Those tiaces which were disturbed by the beat were corrected
for the resulting baseline shift in accordance with the laboratory tests descrioed in Sec-
tion 4.1.2.

After eliminating the beat disturbances where necessary, all records were smoothed
to eliminate the unimportant traces and sharp peaks. Smoothing was effected upon those
peaks which were of less than 10-msec duration at half-maximum. It was thought that

SHOCK
FRCNT

INLET IMPACT TUBE

- — — — ua@ ————— -

Figure 4.1 Schematic of detached shock and impact

tube shock in front of impact tube for stationary flow.
this procedure would make record reading less ambiguous, while preserving the essen-
tial character of the gage measurement. The smoothed records were then read (inches OSSR
defiection of trace versus time) using an electro-mechanical reader (Benson— Lebhner s, i
“Oscar”) which fed into an IBM card punch. These deflection-versus-time data cards, et
along with the appropriate caltbration and pitot-tube correction cards f)r each gage, SRl

were processed by an IBM Card-Programmed Calculator (CPC). Tbe final reduced

data came out as corrected pressure-versus-time listings corresponding to each gage
record. These listings were then plotted to yield data upon which the bulk of this report
fsbagsed. :

4.3.1 Pitot-Tube Corrections. The background with respect to the pitot-tubs meas-
uremeant of dynamic pressure and overpressure was presented in Bection 4.2. To de- -
termine experimentally the Mach number and flow direction (pitch and yaw) corrections

to be applied to pitot-tube measusrements, the Cornell Acronautical Laloratory (CAL),
under coatract to Sandia Corporatica, undertook a testing program in their subsoaic wind
tunnel (Reference 6). A scale model of the pitot tuhe employed in the fleld was used:
ths results indicated that it was necessary to apply different correction {factors to the
p(pitot) and q(pitot) records. Unfortunately, sinie the CAL wind-tunne] flow did not
exceed Mach 1.0, there {s no information availab:e on proper corrections to be applied
1o the several Teapo’ pressures messured in regions where the Mach number apparently
exceeded unity. [n addition, it must be emphasized that there {s probably little evid nce
to support the assumption that pitot gage belavior under shock wave conditions (acosler-
ated Jow) wil] he the same 2s iia hehaviar under conditiona of continuous flow in a wind
tunnel. The only avallable data indicate thst, at low pressures, the peak q(pitot) and

p (pitot) satisfy Rankine - Hugoniot relations.
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Pitch-versus-time measurements werec available at nearly every pitot-tube gage
station for Shots 6 and 12 (see Figures 2.1, 2.2, and 2.3); thus, to apply the proper cor-
rections, it {s necessary only to compute the Mach number as a function of time at each

station. This calculation poses several problems.
Referring to Section 4.2, two ways of computing the instantaneous Mach number

suggesat themselves.

The {irst method is to substitute the pitot-tube overpressure messurement, p (pitot),
and the ambient reservoir pressure, py, inlo the appropriate pitot-tube equation (Eq-
uation 4.5 for subsonic flow and Equatioa 4.13 for supersonic flow). This would yield the
first approximation of the Mach number, which would then be used with the CAL data to
correct p (pitot) and q (pitot). Then, the new p (pitot) values could be used to obtain a
better approximation of M (using Equations 4.5 or 4.13, etc. This iterative method for
obtaining M depends only on the assumption of steady adiabatic-flow.

The second method is to compute Mach number ( M) using Equation 4.4 with the
measured q (pitot) and p (pitot): this is equivalent to using only the first term of the
series in Equation 4.8 and assuming that po — p 18 identical to q. This method is ap-
plied only to gas-phase subsonic flow; therefore, if the shock-wave flow contains sus-
pended particulate matter and the conventional pitot-static tube {s used for measurement,
this computation will not ylelc. the correct gas-phase Mach numbe;.

Connidering the first of these methods, it is obvious that the iterative nature of the
calculation would be laborious, even for an electronic computer. Also, the CAL data
{nclude ccrrections for subsonic flow only. For these reasons, it was thought that the
second method would be the more desirable. Figure 4.2 shows the errors resulting
from using only the first term (instead of three terms) in the Equation 4.8 expansion.
The maximum error fa M is 10 percent which, for values of pitch angle less than 30
degrees, corresponds to about 3-percent maximum error {n the correction to overpres-
sure and impact pressure. Even the iterative method of Mach aumber calculation would
coatain some small errors. Thus, the seconad method was adopted for the Mack number
determinations.

In some instances the Mach number as calculated from the pitot readings exceed
unity; however, since the CAL tests (Reference 6) on the instrument were performed
only for Mach numbers smaller than unity, it was necessary to consider this problem.
As described previously, when the wind-tuanel Mach aumber exceeds unity a bow wave
forms in the front of the pitot tube (Figure 4.1). However, the situation could be quite
different for the case of a discontinuous, decaying flow encountered in the fleid meas-
urement of blast. A short time would probably be required between {nitial shock arrival
and the formation of the bow wave in front of the pitot tube. After the formation of the
detached shock, the subsequent flow past the tube might tend to be much the same as for
the wind-tunnel coatinucus-flow case.

In the absence of reasons for anotler course, it was decided to apply corrections
correspoading to CAL data oa highest Mach number (0.95) to all gage readings where the
Mach number exceeded unity. Naturally this decision points up a serious weakness in
the correction procedurs, but it should be noted that the corrected p (pitot) measurements
at 3-foot beight appear to agree well with surface level baflle gage measurements at the
same stations. It is apparent that the CAL work has not solved the prublem of correcting
pitot-tube measurements for pitch, yaw, and Mach number, particularly for flows hav-
ing Mach numbers larger than unity.

In addition, there is ample evidence to support the conclusion that the pitot-static tube
used on Teapot was not an optimum design, even for subsoaic flow behind a shock {roat.
Reference 10 presents a pitot-static tube design which, when tested at subsoaic and
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transonic flow speeds and at large angles of pitch and yaw, requires corrections about
one-tenth the magnitude of those {ndicated by the CAL work on a mode! of the Teapot
fleld instrument. For supersonic flow behind the shock front, the free stream over-
pressure should be measured separatc from and therefore undisturbed by the local
shocks formed near the tube surface. It {s recommended that the impact pressure
(total head) be measured using a carefully designed supersonic tube in regions of flow
where the Mach number is greate= than unity, while the overpressure measurement
should be made using a separate ground-level gage. The CAL report indicates that im-
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Figure 4.2 Error in Mversus M.

pact-tube correctiona (subsonic flow) are essentially independent of Mach number and
straightforward to apply.

Also, since the pitot tube used registers a contribution to impact pressure due to
particulate matter suspernded in the flow, the apparent Mach number as calculated using
Equations 4.4, 4.5, or 4.13 will be higher than the true Mach number ol the air flow.
This error will increase as the ratio of particle-to-air density increases. At present
the corrections to be applied for this phenomenon are unknown;: however, it can be as-
sumed that such corrections are greatest at close-in stations. For this reason, it is
apparent that pitot-tube gage corrections should be, as far as practical, independent of
Mach number.
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There has veen some confusion as to the meaning of the pitch and yaw corrections
as applied to field measurements. [n the case of non-zero pitch and/or yaw, the axis
of the meaguring tube is inclined at an angle to the flow direction. Since the q(pitot)
pressure {s truly a vector quantity, the correction which is applied effectiveiy ylelds
the magnitude of q(pitot) in the direction of low. This does not mean, as has sometimes
been erronecusly assumed, that the corrections give the component of q (pitot) in the
direction of the tube axis. Thus, to obtain the component of q(pitot) alorg the tube axis,
the corrected result must be multiplied by the cosine cf the measured pitch and/or yaw

angles.

4.4 GAGE RECORDS

Figures 4.3 through 4.23 present the significant porticns of the smoothed, corrected
gage records obtained on Shot 12. The records are arranged first by blast line in the
order water —desert—asphalt, then by ground range for each vertical gage height
(surface level first). Auxiliary records (e. g., offret gage records) are introduced into
the main sequence following the primary records at ground range. All records are plot-
tad to the sama time acala, and only two different pressure scales are used—the change
in pressure scale is effected for all gage records beyond 2,000-Zo0t ground range. Fig-
ures 4.24 through 4.27 include all usable amoothed and corrected records from Shot 6.
The replotted gage records for these two shots represent the primary data upon which
this report is based.

Reductions of tracings of the original gage records obtained on Shats 6 and 12 are
presented in Appendix B. Also included with each record in the appendix is a corre-

‘s sponding smoothed record (dotted) from which were obtained the smoothed, corrected
records of Figures 4.3 through 4.27.

.. 4.5 WAVE FORMS

Reference to the gage records of Figures 4.3 through 4.27 {ndicates that in a purely
qualitative sense the forms of thc records are pronouncedly different along the various
blast lines and at the various ground ranges. Thus, before discussing the quantitative
results of the measurements, wava forms will be investigated for evidence of effects
of surface conditions and burst characteristics upon the blast wave.

4.5.1 Wave-Form Classification. The classification of the wave forms separates
logically Into two main groups: one dealing with the overpressure-versus-time meas-
urements and the other with the dynamic pressure-versus-time data.

Examples of the overpressure (including p (pitot) and baffle-gage data) wave-form
classifications are shown {n Figures 4.28, 4.29, and 4.30. An explanation of the char-
acteristics of each classification is Included in Tahle 4.1. The q(pitot) wave-form
classifications are illustrated in Figures 4.31 and 4.32, and their characteristics are
explained in Table 4.2.

A number of q (pitot) gage records obtained on the water line were found to be (n-
compatible with the best system of wave-form ciassification. Examples of these unclas-
sified wave forms are shcwn {n Figure 4.31. It was thought best to leave these forms
unclassified rather than to change the entire syatem in an attempt to include them. As
a matter of fact, the results obtained on the water line in the 2,000-to—2,500 -foot
ground range region are particularly strange and will be discussed more fully in i
Chapter 6.
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TABLE 4.3 OVERPRISSURE WAVE-FORM CLASSIFICATION

Type Descriptioa of Form Relation (0 Previoua Type Exampiss
0 A sharp rise to & double-peaked Ia Its ideal form (1 le the clasaical single- 18
mAximum; peaks clogs together ia peaked shoch wave, but 1a usually recorded
time asd approzimately equal in 88 8 double-peaked wave.
amplitude.

1 A sharp e to first low pesk followed The first low peak indicates the existeace 218 33P3A.; 2B,
by sitker & plateas or & alight decay, of a disturbasce which traveis (aster than 3P3; 8B; 41B;
thos a higher second peak precediag the mais wave. This type ta distiactly 431B; 3P3
the rapid decay. Time intervel be- sonclasstoal.
twesa first asd secoad peaks can vary
sigaificantly. sbock-itke rises are
ovidest.

3 Same a8 Type 1 except thatl esscad The d Jes" has decayed %0 & lower 23PI; 188 10;
peak (o loss than first value thaa the (irst and haa bevome more 43B; P10,

rounded asd lses distinct. Second psak 1B 81P10
fisally diasppeare.

3 A first large rownded mazimem The firet peak of Typs 3 Mas develdyed N 1P3: P10,
follewed by decay, thea a later, © become the rownded manimum, while (141
wually ssaller, second peak. the Jseund poak has docreased ia Mmagn«~
Preasure rises may be alower thas tuds with respect 1o the firset.
for Type 8.

] A loug riee time, flat-iopped form The relatively shary pressure riee of B; 9P, 41
which exhitits a loag deoxy time Type 3 bas bess replscsd by & slow rive 4T1P3; 438
and much “hash”. and the ssomnd peak has dissppeared. “Prie

[} A pressure rise 1o 8 roundsd The alagie-peaked hashy form of Type ¢ wie: 118;
plateas (desert) or peck (water) sssma 10 develep & compressice-typs 02P3: 42P10
which |8 followed by a slow rise ssscnd peak, which may bs the first tadi~
10 a seecad highe? peak calien of th returs of the mala wave.

[} A clear-ewt doubla peak form with Tha (s clearty & cleansd-wp Type §. 120 3P
a riee o a platans which alapes with he comp type d peaks 38P10; 3B
wpward, thes a shook rise (o & peak beceming shesks.

1 A shosk rise to & peak followed by The sscead peak of Type § has overtaken 16P10; 178,

Ry* sitber a alight geatle riee, & the Qiret peak, resuiting ia & wave form 9P 9B
platesa, or. ia later examples, 8 which (o close 10 elsseis; sharp, single 4P
alow desay peak is sot evidest.

[} A ciassies) wave form. Marp siagie-p~aked form. followed by 1ry 128

[ 1 1) clasele deoay.

* TR refers (o0 this form la region of reguiar reflecuva

where a escoad (reflected) shoch frast is evidest

1 4R refere %o alassical wave form la regice of regular

reestion.
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Overpressure wave-form clessifications (Types 0 through 8) show a somewhat
cyclic behavior. That is, Type 0 is very much like a classic form, and Types 1, 2, 3,
and 4 indicate successively more-pronouncot deviation from the classic. Types §, 6,
and 7 progressively lose the nonclassic characteristics. Finally, Type 8 is the classi-
cal wave form, cbserved at the jaat water-line station (3,000-foot) only. Types 3 and 5
can be considered as transition forms between the more-pure Types 2, 4, and 6.

The q(pitot) records fail to exhibit the same development as the overpressure re-
sults. Only for the later types (D, E, and F) are there corresponding static wave-form
types, whereas Types B and C appear to have no deficitive counterparts in the overpres-
sure classifications (Table 4.2). Of course, the overpressure measurements were made
at closer ground ranges on Shot 12 (750 and 1,000-foot) than were q (pitot) measurements
(1,250-foot). Therefore, it should be expected that overpressure Types 2 and 3 would
correspond closely to Types B and C; however, the similarity at best is rather tenuous.

4.5.2 Effects of Surface Characteristics on Wave Form. Comparisons of static
overpressure wave forms over the various blast line surfaces for Shot 6 and Shot 12 are
presented in Figures 4.23 through 4.35. One figure {8 devoted to each type of surface,
in the order water —desert— asphalt.

The water-iine wave-form summary shown in Figure 4.33 exhibits rather strange
behavior. Measurements out to 1,500-foot ground range indicate the normal evolution
of the precursor forms, . e., Types 0, 1, and 2; however, at 2,000 feet, a wave form
is observed (see Figure 4.5) which appears most simiiar to Type 1, but the rounded
appearance suggests a Type 3 form. At greater ranges, the wave forms are approach-
ing ideal. Thus, over the Shot 12 water line, the normal evolution breaks down near

tiewis 2,000-foot range although the wave-form picture began in a conventional manner, and
cleans up rapidly thereafter. In the wave forms of the offset-gage measurements (see
layout in Figure 2.4),it is interesting that over the water there is some variation of wave
form with distance from the main blast line at the same ground range; these aspects will
seiiii be discussed inore fully in Section 5.3.2.
St For the desert surface (Figure 4.34), it is obvious that wave-form behavior i8 a
... . sensitive function of surface characteristics. The two generalizations that can be made
..... from the figure are: (1) wave-‘~rm evolution proceeds at & much slower rate (i. e., over
.«ses” @ longer ground-range interval) over the desert than over the water; and (2) tharr I8 some
Indication (at 2,500 feet) that at one station the higher-gage records exhibit a more ad-
vanced form than does the surface-gage record. The Shot 6 wave-form data ere plotted at
. . ground range and gage heights which have been scaled to Shot 12 yield. The Shot 6 (ap-
:'::': proximately !; yield of S8hot 12) wave forms appear to fit into the picture quite well on this
B oo yleld-scaling basis. The dashed line shown on Figure 4.34 indicutes the approximate
ground range extent of the Type 1 (clasuic precursor) wave form over the desert line on
Shot 12. Further, it is significant that while a classic wave was observed at 3,000 feet
on the Shot 12 water line, the data over the desert at this range are deflnitely nonclassical
(Type 6). In addition, the wave forms even at 4,500 feet over the desert do not attain
classical form. Thus, the properties of the surface may produce significant effects upon
blast parameters in the pseudo-classical regime as weli as in the precursor region.

The wave-form data from mecasurements over the asphalt surface are included in
Figure 4.35; the behavior indicated {s different from that encountered on the water cr
desert lines. In fact, the asphalt data require an even longer ground-range interval to
go from Type 2 «0 Type 5 than the desert line. However, the presence of Type 7 forms
at the 25~ and 40-foot heights at 2,500 feet indicate that there is a pronounced height-of-
gage effect upon wave forms over the asphait surface. The Shot 6 data in Figure 4.35
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(plotted at ranges scaled to Shot 12 yield) coincide well with those from Shot 12. As on
the previous figure, the dashed line on Figure 4.35 shows the extent of the Type 1 wave
form over the asphalt line. It {s significant that the Type 1 form appears to disappear
closer to ground zero on the asphalt line than over the desert. Thus, although the non-
classical behavior persists to greater ranges over the asphalt, the precursor as a sep-
arate and distinct wave (Type 1 form) is observed at greater ranges over the desert

s rface.

The wave-form classifications of the q (pitot) gage records are summarized in Fig-
ure 4.36, which includes results from Shots 6 and 12 over three blast eurfaces. The
same general trends observed for overpressure wave forms hold {or the q(pitct) classi-
fications. The available data are admittedly meager, which necessarily raakes any con-
clusions rather tentative. However, further reference will be rade to the wave-form
classifications in discussions of peak pressures and precursor phenomena.

4.5.3 Effects of Gage Mount on Wave Form. A comparison of the Shot 1{ :0 and
P 10 gage records at same ground ranges in Figures 4.5, 4.8, 4.11, 4.12, 4.1>, 4.20,
and 4.21 reveals that these records may be quite dissimilar. Although the same type ~f
wiancko gage Is used for both measurements, the method of gage mounting is quite dif-
ferent: the B 10 measurement originates from a baffle-mounted gage, while the P 10
gage is mounted at the static port of a pitot tube.

Comparisons can be made on the three S8hot 12 blast lines at ground ranges of 1,500
2,000, and 2,500 feet; only one record (asphalt line 43 P 10at 2,500 feet) was lost. At the
closest ground range (1,500 feet), the wave forms show poor agreement on all three blast
lines; the B10 records indicate negative pressures early in the pressure—time history
—not recorded by the P 10 gages. At 2,000 feet, the wave forms are similar for the
first 50 to 100 msec following blast arrival on the three blast iines; however, at this
ground range, also, the B 10 records exhibit the negative pressure behavior referred to
previously. Good agreement {s evident at the water-line 2,500-foot station, and although
the 9 B 10 and 9 P 10 (Figure 4.15) peak pressures correspond well, the wave-form com-
parison on the desert line at this ground range is poor.

To summarize, it must be concluded from available data that the baffle-type gage
mount and the pitot-tube static port are not equivalent, particularly in the regions of high
pressure and/or disturbed blast waves. If a thorough investigation is made of super-
sonic flow around obstacles of various shapes, this result is not completely unexpected.
Such a survey of available wind-tunnel data reveals that for the baffle configuration used
there ie more tendency for complex interactions of secondary shocks i the vicinity of
the gage port than is the case for a pitot tube. Also, it has been well established that
secondary-shock interference effecta are more pronounced for supersoaic, rather than
Jubsonic flows. It is probable that the negative pressures and other unpredicted varia-
tions in the B 10 records are caused by this secondary-shock interference phenomena.

These limitations imposed upon the baffle-type gage mount, coupled with thu dearth
of data on supersonic corrections for Mach number and pitch angle for the conventional
pitot tube, point to the need for a comprehensive investigation to determine the best in-
strumentation for measuring the properties of high-pressure blast waves.

4.6 TABLES OF RESULTS

The primary data obtained from all usahle Project 1.10 records on Shots 6 and 12
are contained in Tables 4.5 through 4.14. Tables 4.11 through 4.14 include all 8hot 6
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data. All data are taken from the records after corrections for pitch and/or Mach
number have been appiied. The tables list the gage designation, ground range, gage
beight, arrival time, maximum pressure, time of maximum pressure, positive-phase
duration (overpressure only) positive-phase impulse, aad wave-form classification.
Additional pressure data may be found by referring to the gage record traciags on Fig-
ures 4.3 through 4.27.

For comparison with other nuclear detonations, it is convenient to normalize the
blast data for the Teapot shota to a common base by A-scaling. This procedure in-
volves reducing data to a standard atmosphere at ser. level for 1 kt of radicchemical
yleld. Conventional cube-root yield scaling is used in conjunction with 8achs’ correction
factors for atmospheric pressures and temperatures at burat heights. The following
A-scaling relations apply:

Presaure: S, - =
’ P
]

l,s 2

Py 1\'A

Distance: Sq - (14.7) (—;)

s (S ()R
- () ()

Where: p, = amblent pressure at burst beight, psi
T = absolute temperature at burst bheight, °C
W = {inal total yield, kt.

The Sachs’ burst-height correction factors have been rpecified for use by all test
groups to permit direct comparison of the test results with those from previous test
series which have been normalized in this manner. The pertinent normalizing factors
for Shota 6 and 12 are listed in Table 4.4.

The A-scaled data for " eapot Shots 6 and 12 are presented with the as-read data

in Tables 4.5 through 4.14.

Impulae:
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TABLE ¢3 DYNAMIC PRESSURE WAVE ~FORM CLASKFICATIONS

@ee Figures 4.31 and 4.33)
Dessription of Form Raiatien to Previcus Type Emmples
A shosk riee te & broad siagle peak Clarestoristios of previeus type cassst be 1% 8Q3
disturtance, sharastsrized by sericns dotormined en basie of presemt data.
pressure splhes.
A double-peaind form with soscad peak  Otagie premissat peak of Type B das bocame QK Qk ML
comparshie i magaitude with the first.  twe distinet disturbasses. 4IQRA; UQ2
Exhihits shook-type laitial rise ia mest
oases.
Treasitienal doubio-pesied form with More Mashy than Type C; desigaaticn of Q1K &Cle:
longer iaitial rise-tims; very hasly ap- the firet and asesad petks Bore tesusus. 41Q10A; Q9
poaraacs and sescad peak somewhat
(adafinite.
More or less single~peaind brm, The doudie~peaind form of Type D das )Qle; :QN;
charesterized by & lov-anpiitads beseme siagie-geaind ales, & low- IQ98; QA
piatesn having 8 alow, omesth rise at amplitude platean das boen sdded 4o
e degianiag of reserd; very haaly. fromt of form.
A csmparatively smoocth reserd with The Jow-ampiitude platess of Type D 13Q8A; 15QI0A;
shoek rioe fSollowed by & platess or has dovelaped mere definitely and is nQs
alow steady rise, thes aasther shesk followe. by & shoshnd-up ssomnd peah.
rise fellowed by & amosth dseny. Cor~-
reapends to Type ¢ (see Tabie ¢.1)
A smesth clase reserd pesssssiog & ‘The shohod-ap cooend poak of Type ¥ Ins 10Q18; 17Q8A;
shoek rise fellowed by & relstive emesth besyme the taitial snd caly peak. Seme S9Q8; 9060
dosay; dight rowmdiag after itial rise  bash still presest.
repressnts devisticn frem elassienl
form. Corveaponds t» Type 7 (see
Table ¢.1)
A slasstesl vave orm. Correspends Sat 7p singlo-peshed hrm, fellowed by Q3
o Type § (ses Tabie ¢.1) olasstenl doumy.
TABLE 6¢¢ A-SCALDNO PACTORS
"R Fressure 6,) Dismase dg  TNme dy RN
ant v 1.163 0.4008 s.4077 0.5440
et 18 1.1 [§ ¢} 0.5418 em?
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TABLE 4.6 OVEAPALESURE. SNOT 13 WATEIR LDNE
Qage Grewsd Cage Arrival Maximum Time of Positive Positive Wave Corr.
Raage Roight Time Pressure Maximem Plase Phase Porm for
Pressure Durstion lmgulse Type b4
[ 3 ft [ pot (] [ pei-ese
As-Read
kA " (] 01108 1%, 0138 " 1.0 1° -
s 1.000 ] s 1008 e 0.300 063 10 1 -
1 7Y 1380 3 0343 L ¥ 0.500 0.4 010 1 Yoo
f 1] 1500 (] 0.3088 N Y o 600 0 “» ]
np? 1500 3 0.313 a0 .. 300 v .. 3 \
nRe 1500 (X, ns 0.300 X
P10 1400 10 087 ».0 0410 u.43 o H Yoo
NPIA 1,100 10 0.403 %3 0.500 o™ 208 ] 1 1)
29 ] 3,000 . 0000 174 0.6%6 (™ 1M 1 -
nrn 3.000 3 0.5088 »1 0698 (X’ s0 1 Yoo
TRIA 2.000 0.587 150 0.000 0.08
e 3.000 10 08088 181 o100 54 14 1 Yoo
sPe 1.550 10 0.7488 8.3 (%, 0.07 317 [} No
] ] 2.500 ] 004 1n.e 0.000 .83 360 ? -
nps 2500 3 0.013 133 0.940 (X" 1.03 1 Mo
) ) 1300 0.01¢ 120 o0 0.70
Prle 1500 10 0.013 120 0.900 008 300 1 Yoo
nre 21400 ) 00s 129 0018 ons 1 ] Ne
29PRA 3500 “ 0013 113 0.900 0.0 101 ? Mo
urs 5.180 3 1017 1ns 1.100 0.0 ¥ ] Yo
B 3.000 . 1.48 (X} 1388 013 1% (] —_
nr 2.000 3 1.5 108 1.980 "3 3.43 . »o
nPxe 1500 3 o ms @3 0.300 ’e .. Mo
nrIYe 1500 3 (¥ 1, ] »s 0498 (X - 208 »o
sIpIX e 3300 3 .90 109 0.908 (%] 168 Mo
L Ny 1,500 3 0.014 10 .94 (%) 1 »e
o A-Ssaled to | KT Radicshomical Reloass ot Sus Lavel
. BA »? ’ 0.0008 0.0437 0181 “o» N -
GO00 e M . (X1, 0.0004 0.394 Y1) 1 -
3IP8A o 1.0 o.0027 o100 0144 10 1 Yoo
o, ¢ 7 ] (1Y) ° o183 0156 0180 16 3 -
. 3 2] ”ne 1.0 o118 0.1390 0144 109 3 Yoo
* L) 814 Y] w1308 sl 01390 0.017
nrie (7] 1 ¥ 8 1208 01601 0.147 10 3 Yoo
MPISA (1] 34 0.1008 01709 0133 111 ] Yoo
20 ] [~ ) (] 0. 9013 (%] 108 1.3 1 -
. nr " 1.0 o 3000 (R, s10l 100 1 Yoo
-, L Y o 34 e 11e X TR Yt
ool e s t ¥ o 3000 0 3383 o108 L 1 Yoo
»Pe ™e V] 0.3848 0.0 108 1 ° Mo
9 (7] [} 0515 * 93381 o0 10 ' -
nrn (] 1.0 oan (X 1% o100 ore ? e
sme e ¥ 0.315¢ 140 .u 032
oPe [ ] e wun (X 1) o 117 ] Yoo
nrs [ ] (Y] sun onn o3 110 v Mo
MPesA (7] 127 wnu 0.3381 0990 100 1 Ne
nps ('] 1 ¥ 03700 01 10 ] | Y
na 1410 . 04380 0.4300 0.380 o0 ) —
nr 1001 1e o.en8 (XY .4 0110 (X1 T Mo )
BPax * ne 1 o1 01099 0104 160 Ne
nrIv ”ne 1.9 13 0.1483 113 117 Ne
Y & (T7] 10 0. 3008 0.3190 0002 X1 Ne
PP (1% 10 o 313 0 333 0194 110 Mo
* Cagee ofiset frem biast lias. soe Jigure 3.¢
L]
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TABLE ¢0 DYNAMIC PRESSUAR, MHOT 13 WATER LR

Gage Oround Gage Arrival Mapmum Time of Wave Corr.
Range Reight Time Pressury Maximum Form for
Pressure Type Y
ft [, (] (7] oo
Ao~Read
13 1.280 3 018) 34 o313 ] Yoo
QA i.000 3 [ 1Y) e 0.428 »* Yoo
I l0A 1.500 10 0378 “?e 0.440 C Yoo
11 1.1 10 0.40¢ »e o a0? Q Yoo
1748 3.000 ] 0.0088 “e 0.000 Yoo
11Q10 2,000 10 0.5008 18.3 s.170 Yoo
29Q10A 3.380 10 0.7408 1 X} (B2 ] Re
QA 2.500 3 (K]} ) .3 0.990 [ Ne
Qe 3.500 10 00108 . 1.070 [ Yoo
. 1) 2.500 » 0.313 40 0s18 (] Re
IIQE0A 1,500 “® 0.013 .08 0.038 [ ] N
3Ny 3.10 ) 1.077 (X 1.008 4 e
393 3,000 ] 1.48 11 1.547 ] e
3/QIX * 1.500 3 0.7 X ] 0.040 [+ Re
QY ° 1,500 ) [ ;¢ ) ] 0.400 » Ne
QX © 2,500 ] 0.908 .0 0.900 D |
IV ° 3.500 3 0013 (B (N ] D Be
A-fualed 0 | KT Radioshamionl Relesss at Ses Level
133 40 1.0 00073 20 00050 Yoo
213Q3A 8¢ 1.0 0.1583 0.3 0.1483 A Yoo
WY10A s1¢ 36 0.1381 T™e 0.1004 A Yoo
Qe (1] 3¢ 0.1008 N0 0.1009 Yoo
Q3 [} 10 0.9003 "X} 0.2304 Yoo
Nie (] 34 0.5008 2.0 0.5038 Yoo
#QleA ™e t ¥ 0. 9040 (8] [ * ] Re
QA (] 10 0.3110 1.0 0.5 Be
e ] 3 s.3110 (X} 0. 5087 Yoo
Q8 e se saun [ X ] [ %, Ne
IRGMA e 137 [R;})) 90 0.5163 Ne
NnQ 3 1.0 0.2081 80 .3me 4 Ne
Q3 1087 10 4308 E 8 ) 0.42383 3 Be
28Q3X * sit 10 0.1300 [} ] o 1821 C Be
»QIv°* 10} 10 1377 L _J s.1m7 Re
YaxX * (] 10 o 3003 | ¥ 0.3380 D | J
QY [ 10 [ X 131) [ ¥ ] 0.3003 D Ne

* Gagee olisst frem blam Lias see Figure 3.4
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TABLE ¢? OVERPRISSURE, S8HOT 11 DESERT LINE

Gagn Grewmd ~ Gage Arrival Maximum Tize of Posiive  Posiive Wave  Corr.
Rasge Height Time Prossure Maximum Phase Phase Form for
Pressure Duratios Llmpulse  Type Y
fn fn oee pat [ [ pei-ose
As-Resd
1RA 130 (] 0.104 184 0.133 >0.84 >1¢.3 1 —
1A 1,000 ° 0.148 " 0.134 0.381 18 1 -_—
3 1.380 3 0.303 R 0368 0.388 .08 1 Yes
(} 1.800 . 0.368 e 0.430 0683 .00 | —_
() 2] 1.508 3 0.268 1l 0.817 081 Rz 1 No
[} ') 1,500 1o 0.369 0.04
[} 21 1.508 18 0.502 1. (X1 0.88 4.3 1 Yoo
SPI9A 1.180 10 0.5488 118 0 130 0.641 .90 | No
3 3,000 ° 0.4838 10.0 0820 o “4 ] -—
™?I 1,000 3 0.4038 18.8 0.030 0.78 881 ] Yoo
310 2,000 10 0«8 1ns ¢ %0 011
™ie 1.000 10 0.4048 1.8 083 (X} 9 3 Yoo
sP10A 1130 10 0.000 13.0 0.600 0.83 200 3 Yoo
(1] 1.500 0 o101 1.44 0.¢88 0.7 314 ¢ -—
112 1,800 3 0.100 5.0 0.988 (X} 1 ¢ \
[} 10 1.000 10 o Y08 e 0% c.oe
e 1.500 10 0.783 1.0 0.948 0.1 100 s Yoo
ras 1.500 1) 0.7888 5.0 (X ore B ] Yoo
PNA 1.800 “ o 1818 19 1.0% °n 1.7¢ [} Yoo
1r3 1,180 ] 0.907 1.9 1.10 [RA] 1 [} Ne
123 3.000 0 1101 80 1.298 0.08 19 s -—
1293 3.000 3 1.103 (X} 1.297 (X 3.47 ) No
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Figure 4.3 Pressure versus time, water line, Shot 13
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Figure ¢.3 Pressure versus time. water line, £dot 13
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Figure 4.9 Pressure versus time, water line, Shot 12
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Figure 4.10 Pressure versus time, desert llne, Shot 12
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Figure 4.11 Pressure versus time, desert line, Shot 12
(ground range = | 500 feet).
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Figure 4.12 Pressure versus time, Gdesert line, 8bot 12
(ground range = 1,500 feet— 2,000 feet).
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Figure 4.18 Pressure versus time, desert lipe, Shot 12
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Chapter 5
DISCUSSION

In this chapter, Operation Teapot Project 1.10 data will be analyzed and discussed under
the following main subjects: (1) quantitiea derived from arrival-time data; (2) air over-
pressure measurements and their significance: (3) pitot-tube dynamic-nressure measure-
ments; (4) precursor formation and effects; and (5) relations between alr-pressure meas-
urements and damage.

The analyses and discussion of Teapot results are supplemented by constderation of
wave-front classification. Whenever informaticn from projects other than 1.10 is used,

the source will be credited.

5.1 ARRIVAL-TIME DATA

Arrival tiine of the pressure wave at a static gage is probably the least ambiguous
of the quantities measured on Project 1.10. Using these data from Shots 6 and 12, it
was poseible to obtain several useful derived quantities such as shock velocity and wave-

front orientation.

5.1.1 Time of Arrival and Shock Velocity. The arrival-time data obtained from the
surface-level static-pressure gages on Skhot 12 are summarized in Figure 5.1. The
figure iliustrates the influence of surface characteristics upon time of arrival: the pres-
sure disturbance (at same ground range) consistently arrives earliest on the asphalt line,
next on the desert line, and last on ‘he water line. The data show small differences in
arrival times at the closest gage station (750 feet) on each blast line, whereas these
differences increase at greater ground ranges. At the farthest instrumented station on
all three lines (3000 feet), there is some evidence that the water and desert arrivals
are merging, but no such tendency is apparent from th. asphalt-line arrival data.

Also Included in Figure 5.1 Is an ideal curve for surface-level arrival times versus
ground range. This curve was calculated as follows. A-scaled ground range for the
onset of Mach reflection (113 feet) was calculated from the ideal critical angle (Reference
11;, and the ideal arrival time at the coriesponding slant range war found from a com-
posite, nuclear, free-air, srrival-time curve.! At ground ranges tetween 113 and 275
feet (overpressures great.r or equal to 200 pei) the ideal height of the Mach stem was
obtained (Reference 11), and the arrival times at Mach stem height were found from the
complete composite free-air curve. The ideal wave was assumed to be perpendicular to
the ground surface so that arrival times at ground level would correspond to those just
described. At ground ranges beyond 275 feet, the ideal arrival times were computed by
referring to the ideal-overpressure—height-of-burst chart (Reference 12) to obtain the
curve for {deal pressure versu. ground range. Overpressure was converted to shock
veloctity using Rankine-jugoniot relations, and arrival times were found by integrating
numerically the relation:

!To be published.
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dt |
t -t R — < dr - dr (5 1)

Where: t, = burst time

ry = initial ground range, 1. e. 275 fuet (A-scaled)

These results were then transformed to Shot 12 ground-level conditions with the appro-

priate scaling factors.
Reference to the ideal arrival-time curve of Figure 5.1 indicates that the arrival at

the first water 'ine gage (750 fcet) was almost i1deal, i. e., about 118 msec compared with
the 124-msec ideal value. However, at subsequent gage stations on the water line (e.g.,
2,000 feet) arrival times 110 msec earlier than the ideal times were observed. Of course,
the arrivala measured on the desert and asphalt blast lines deviate more seriously from
ideal. There is some indication that the slopes of the curves of Figure 5.1 at long ground
ranges approach the slope of the ideal curve: this will be discusued mcre fully in connec-
tion with shock-velocity determinations.

To obtain shock velocity versus ground range, it is necessary to differentiate the
time-of-arrival curves of Figure 5.1. 1his was done using a method originally outlined
in Reference 13 and extended in Reference 14. The method consists o. calculating two
forward and two backward first-order finite differences at the given point with different
intexrvals and then obtaining the “derivatives” by a graphical interpolation. When this is
done for Shot 12 daia, the curves of Figure 5.2 are obtained. Also included in this figure,
for comparison purposes, is the idea: shock-velocity curve from which the ideal time-of-
arrival data were derived. Several statements can be made, based upon the results il-
lustrated in Figure 5.2:

1. The asphalt and desert curves, both well above ideal, have the same general
form showing asphalt-line shock velocities consistently higher.

2. At 3,000-foot ground range, asphalt and desert line velocities are approximately
equal and nea:ly the same as the idenl velocity.

3. Actually, at rargee beyond 2,300 feet, many of the shock velocities over the des-
ert and asphalt lines appear to be less than ideal. This result is consistent with the de-
pressed peak pressures measured on these same blast lin2s.

4. The water-line curve, exhibiting a pronounced inflection in the 1,500-foot regton,
deviates markedly from the i{deal curve at the close-in ranges. While the ideal shock
velocity 2¢ 750 feet would be about 3,300 fps, the water-line data indicate & velocity of
about 6,000 fps.

5. The Inflection in the water-line curve is followed by velocity data which agree
well with desert-line velocities at 2,000 and 2,250 feet. This behavior suggests a feed-
in phenomenon or some other unusual condition occurring on the water line (see Section
5.2.2).

8. Finally, reference to Figure 5.2 and the gage records of Chapter 4 points up
that agreement of an experimental shock velocity with the ideal is not a sufficient criterion
for the existence of undisturbed (1dez!) blast waves.

Using the shock-velociy curves of Figure 5.2 and the arrival times of aboveground
gages, 1t is possible to determine the orientation of the wave fronts at several ground
ranges for Shot 12.
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§.1.2 Wave-Front Oricntation. The calculations involved in determining wave~front
orientations frcw arrival-time data can be described as tollows:

1. The as-read arrival times for each gage dare corrected for differences in actual
location of surface and aboveground gages using the horizontal shock velocitv (Figure 5.2)
at each gage station. This procedure assumes that all portions of the front are moving
at the same velocity, an assumption which is verificd when abovegrcund trace velocities
are computed.

2. Using the corrected arrival times and the arrival at the surface gage as the sta-
tion reference, the *ime interval (At) {ur each level 18 determined.

3. The At values corresponding to each level are multiplied by the shock velocity to
obtain AR.

The results of these calculations for Shot 12 are shown in Table 5.1 and plotted in
Figures 6.3, 5.4, and 5.5, in the order desert. water, asphalt.

The dcsert-line resulta (Figure 5.3) present a picture of wave-front orientations
similar to those observed on shock photographs. Angles of the wave fronts taken from
Naval Ordnance Laboratory (NOL) photographic data (Reference 15) at ground ranges
near 1,500 feet and 2,000 fuet are shown in the figure, and the agreement is quite good.
The small difference in orientation at 1.5 set may be explained, as noted by NOL, by
the wave fronts observed on the photograp... uften being obscured by dust near the ground
surface; thus, since the angle determined by the 3- and 10-foct-level gage arrivals ia
nearly equal {0 the NOL wave-front angle, the two methods are easentiully equivalent
except for regions close to the ground. Figure 6.3 shows how the wave-front ortentation
changes as the wave travels out to increased ranges. The angle between the front and
the ground surface gradually increases so that at 3,500 feet the front is approximately
perpendicular to the ground plane. It is interesting that at 2,500 feet (the station with
the most aboveground data) the wave-front angle was fairly constant up to 25-foot height.

The water-line wave-front data (Figure 5.4) are quite different from the desert-line
results (no comparable vater-line photographic data are available). At 1,500-foot ground
range, the front orfentition indicates a pronounced toe near the ground surface which was
running out ahead of the aboveground portion of the wave front. This behavior {8 not evi-
dent on the desert line: on the contrary, there is some indication that the wave front was
concave downward (Figure 5.3). The front orientation at the 2,000-foot water line station
is not easily explained; the data indicate a complate reversal of behavior between 1,500
and 2,000 feet on this blast line. In a sense, this treatment is merely another way *
pointing out the anomalous behavior of the watzr-line shock velocity in this ground-range
interval (see Figure 5.2). Also, the Project 1.11 pitch gage measurement at this 2,000~
foot station is consistent with the wave-front orfentation; §. e., an initial negative pitch
was recorded.

A pressure measurement on &8 Program 3 structure (3.223), also at 2,000 feet on the
water line but offset abcut 80 feet from the Stanford Research Institute (S8RI) gaze station,
yielded a relativelv clexn ahock record arriving about 25 msec after the Project 1.10 ar-
rival time. The Project 1.10 records (25 P3 and 25P10) definitely could not be classified
as clean wave forms. Thir information, as well as some discussions which follow later
in this report, empbasizes the severe differences iu blast behavior which may become
evident over distances of less than 100 feet on the same blast line.

The wave-{ront orientation at 2,500 feet over the water line is essentially perpendic~
ular to the ground plane up to a bheight of 40 {eet. Thus, there is some indication that at
this range there is less t- .dency for localized disturbances.

Figure 5.5 (wave-{ront orientations cver the Shot 12 agphalt line) indicates that tte
angle of the front remains approximately constant out to 2,500-foot range. The cc:pari-
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son with NOL shock photography (at 1,500 feet) {ndicates a behavior similar to that ob-
served on the desert line (Figure 5.3). However, unlike the desert case, the orientation
at 2,500 feet shows little indication of approaching a perpendicular configuration—more
evidence that the deviation of airblast phenomena from ideal over the asphalt surfuce
peraisted to larger ground ranges, compared with the results over the water and desert

surfaces.

5.2 OVERPRESSURE MEASUREMENTS p(pitot)

In previous weapon-effect tests. it has been possible to describe the essential char-
acteristics of most of the overpressure resulits using a few physical quantities such as
peak pressure, positive-phase duration, and positive impulse. The data lent themselves
well to such description because, with few exceptions, pressure records were classical
in form.

With these data, plots of peak pressure versus ground range, 1mpulse versus ground
range, e¢tc., were constructed which became the bases for military planning, damage
analysis, and comparisons with other test results.

It scarcely needs stating that the Teapot (specifically Project 1 10) pressure record)
are overwhelmingly nonclassical in form. The classical phyeical quantities scldom have
corresponding counterparts on a disturbed (non-classical) airblast record. That s, a
quantity such as maximum airblast (static) pressure loses much of {tg value as 4 depend-
able and useful parameter when, for disturbed blast waves, the peak pressure may occur
almost any time after blast arrival and the maximum may be associated with either a
sharp-peaked or a broad-humped pressure rise. In other words, when dealing with non-
classical wave forms it is virtually impossible to sclect a set of quantities which describe
the phenomenon unambiguously and which can be useful in comparisons with more classical
results.

The above limitations on conventional airblast parameters do not preclude the need
for data to assiat damage analysis and military planiing. Therefore, a revised method
of data presentation is described (n the following section to eliminate some of the ambig-
uities inherent in the usual, unqualified peak-pressure-versus-distance curves.

5.2.1 Effects of Surface Characteristica. In Section 4.5.2, It was shown that wave-
form development was different over the desert, water, and asphalt surfaces. Figures
5.6, 5.7, and 5.8 are examples of an effort to Include the wave-form differences on the
conventional peak-pressure-versus-ground-range plot. The various symbols on these
plots indicate the maximum overpressurs recorded at each ground range, and the num-
bers inside the symbols designate the wave-form type associated with each record. It
should be emphasized that the overpressure data taken from pitot-tube measurements
have been correctid for angle of pitch and Mach number.

The Shot 12 water-line maximum-overpressure data shown iu Figure 5.6 indicate
that aboveground peak pressures were significantly higher than thoss measured at the
ground surface. The decrease of maximum pressure with ground range appears to be
smooth, exhibiting none of the Inflections or humps which are so often obscrved on tower
shots and are particularly ev:dent near 7- to 8-pst pressures on the desert-line plot of
Figure 5.7. Tuis latter figure tllustrates clearly that the maximum-pressure behavior
over the desert was not as orderly &s it was over the water. [t is not possible, from the
figure, to make a definite statement concerr..ng the relative magnitudes of aboveground
and surfsce-level pressures; however, it (s clear that beyond 3,000-{oot ground range
the peak pressures at all heights are approximately equal. The Teapot Shot 12 asphait-
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TABLE 51 WAVE FKONT GRIENTATION DATA
Gage Enact Arrival Trace Nominal Arrival AR
Ground Time Velocity Sround at Nom
Range Range Gromd
Range
{oot sec R sec foot sec sse (L ]]
Duoert Line
8 1800 3 o 263 3830 1500 0 2049 0 (]
P 1497 ¢ [ 1) 1500 0 2687 0 0008 2
P10 1497 4 0 368 1500 0 2887 0 003 134
m 2000 2 ~ 4828 1990 1009 4524 ] [}
1?3 1997 ¢ 0 4523 1000 0 4338 0 0014 3.0
P10 1097 ¢ 0 4308 1000 6 4870 0 0084 108
(1] 1500.4 011 170 1500 0 “8o7 (] v
(14] 2407 ¢ 0 700 B ¢ .02 0 vols 16
P10 2497 ¢ [ B[ }] 2300 07060 0003 .2
P2 2407 4 ? 7998 1500 0 7908 0 Lo00 13.4
PP 4OA 2407 ¢ 0 1018 2%00 07938 onms 1.2
128 M7 4 119 1100 30060 1142 0 L]
12P3 M4 1198 30n0 1.2043 [} ]
12P10 1907.4 1104 3000 11963 ¢ 00X 34
158 3500 3 10118 1240 2800 1.0113 [} [}
13P10 3T ¢ 1.010 3500 10111 0.0008 1¢
178 4“rn e 13078 1110 4500 13470 9 ]
17P3 4“4 3 e 4300 13003 0 0004 (X4
Waler Line
138 1508 3 6.3088 1000 1500 0 3884 [} (]
i) e ] 1407.4 ¢ 37 1800 03744 6.0000 181
5P10 1407.4 ¢33 1500 03174 e 0ll0 307
e 1904 o e 1040 2000 05422 [} [ ]
24 2] 1997.4 [N 1) 3000 [T ¢ -~-0001¢4 -3¢
ne 1907 ¢ 6.5000 3000 05478 -00014 -138
i1 ) 4900 [ X JY) 1500 3300 09l [} [}
pil g} 1497 4 0013 1300 ? 9147 0 0004 (X ]
P10 2497 4 0913 1300 9 ole? ? 08d¢ L N ]
12P33 7 4 0913 1500 00147 0 0004 o6
IP4OA 2497 ¢ 0913 1800 » 0147 0 0004 (X
328A 3000 2 118 1419 1300 1 2458 [ ] ]
312P3 937 ¢ 1 348 3300 1 3448 ) 000 13
Aophall Line
438 1499 0 0 361 330 130¢ ¢ 2411 ] ]
©P3 1497 & 0 341 1500 ? 2417 ? 0008 R
$SPI0 1497 ¢ ? 1448 1500 4 0 9041 148
a8 3000 3 0410 1330 0V 0417 ] | ]
arp3 1997 ¢ e 410 2000 ? 419 0 0012 1 4 ]
aTPle 1997 & 0 421 1v0¢ ? 4221 2.00¢3 [ B)
(17 ] 1300 2 ¢ers 1688 1500 [N 12, ] 2 ¢
(112} Jep7 4 [ B 2L 1500 0184 0 0017 20
(17 11/ 21%00 3 97y 1300 eer o SoMe 3
(1124} 497 & 9 82 1300 0 ? 6187 »n.1
(121 ] 1497 ¢ [N ]]) 1500 (X ] ] ¢ nim n?
318 3000 2 1034 1130 jooe 1.0038 [ ] L
IP) 997 ¢ 1033 3000 10341 ? 6003 94
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line overpressure data (Figure 5.8) Indicate a slight inflection in the surface-level peak-
pressure curve near 2,000-foot ground range. Also, in comparison v'ith ground level,
there is an indication of a small but conaistent Increaso in peak pressure at the 3-foot
level.

The Shot 6 maximum static pressures versus ground range are shown In Tigures 5.9
and 5.10. Data (Figure 5.9) from both the desert and asphalt lines, although limited, n-
dicate consistendy higher peak pressurea at the aboveground (10-foot) levels than at the
surfsce level.

Figure 5.10 ahows the comparieons of Shot 6 peak pressures along the two blast lines
measured at 10 fret and the surface. The surface-level pressures of Figure 5.10 indicate
that the maximum values over the asphait were greatly depressed; the presentati. n also
indicates that the wave forms along the two blast lines were not significantly diffeient.

In Figure 5.10, the close-in (1,300-foc! ground range) overpressure records on the two
lines compare well in magnitude and form. Also included on this latter Shot 6 figure 18
an ideal peak-overpressure-versus-ground-range curve; this was obtained from the
height-of-burst curves of Reference 12. At both gage heights, the peak prussure at
2,000 feet on the desart line agrees well with the ideal curve; however, the wave-form
type (Type 6 in both cascs; see Figure 4.29) is not ideal, emphasizing the valuc ol a
method which includes wave-form clcesification as well as pressure magnitude.

The comparisons of Shot 12 peak vverpressure measured over the three blast line
surfaces are presented in Figures .11, 5.12, and 5.13. The surface-leve! results of
Figure 5.11 are comparable in both wave form and magnitude at the 750- and 1,000-foot-
ground-range stations, but the pressures are noticeably lower than the ideal curve. It
appears th-t at ground ranges exceeding 1,000 feet the effects of surface characteristics
begin to manifest them.selves markedly. At specific ground ranges, the curves, in order
of decreasing peak pressures, are first ideal, ther water, desert, and asphalt. i s in-
teresting to note that at 3,000 feet, even though the water-line record exhibits classical
form (i.e., Type 8), the pesk pressure observed is slightly less than ideal. However,
the desert-1'ne 4,600-foot gage recorded a maximum pressure equal to ideal, although
the wave form was not classic.

Figure 5.12 (3-foot-level peak overpreassures, Shot 12) Irdicates that some above-
ground water-line pressures weiu equal to or larger than ideal. The desert and asphalt
results show a similar behavior to that evident for the surface-level case (Figure 5.11)
where the two curves cross at 2,500 feet and then diverge markedly at 3,000-foot ground
range. The asphalt maxinium pressures decrease steadily with increased range, whereas
the desert results indicate a definite inflection near 2,510 feet.

The curves of Figure 5.13 (10-foot-level) exhibit some of the same charactcristics;
one important deviatior {8 the severe dopression of desert-iine pressures at 1,500~ and
1,760-foot grounc ranges. In addition, on the Shot 12 desert line s nonideal wave form
(Lype #) produced a peak pressurs (sbout 7 psi) which agrees well with the {deal curve
(Figu.v 5.13); this samo behavior was observed on Shot 6 (see Figure 5.10) a: about 13-
psi overpressure.

In summary, the following general statements apply to the Project 1.10 maximum-
overpressure measurements: (1) peak pressures were depressed most severely on the
asphalt line and least on the water liae; (2) aboveground maximum pressures were higher
than those measured at the ground surface; (3) the famillar {nflection observed on the
desert-line plot of peak pressure versus grcund range is not apparent for water and as-
pbalt results; and (4) maxdmum overpressures comparahle to the predicted ideal prus-
sures are not always associated with classical wave-form records.
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Figure 5.3 Wave front orientations, desert line, Shot 12.




5.2.2 Additional Surface Effects and Cross-Feed. Additional insight may be gained
into the effect of surface characteristics upon Shot 12 uverpressure measurements by
considering the Ballistics Research Laboratories (BRL) investigation of blast-wave sym-
metry. For this purpose, BRL installed 36 surface-level, self-recording pressure gages
on & 220-degree arc located 2.500 feet from ground zero. The peak pressures recorded
on the 2,500-foot gage ring (Reference 12) are shown in Figure 5.14. The figure shows
the arcs subtenaed by the water and asphalt surfaces at 2,500-foot radius and the arcs
which the blast wave presumably traveled over a portion of the water and asphalt sur-
faces near grourd zero. Also included are the Project 1.10 electronic-gage peak-pressure
measurements at the same ground range and the wave-form classifications to be assigned
to each pertinent pressure—~time record. Since decisions on wave-form types are usually
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6R0UND RANGL (FT)
...... —’.o.'—
Sesens Figure 5.4 Wave front orientations, water line, Shot 12.

guided by the pressure—time results immediately preceding and/or following the record
to be classified, the classification task for the BRL arc records was particularly difficult
and was done with sume loss i1n accuracy.

The maximum overpressures shown in Figure 5.14 indicate that the BRL and Project
1.10 results, where comparisons are possible, agree quite well; however, the overall
picture is confusing. The figure shows a rither orderly behavior across the asphalt sur-
face with the expected depressed peak pressures in evidence; however, the BRL gages at
their Stations 27 through 22 indicate an abrupt increase in peak pressure in the desert—
asphalt transition sector. Continuing around the gage arc toward the main desert blast
line, it {8 obvious that both the BRL and Project 1.10 pressures are again depressed; In
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Figure 5.5 Wave froat orientations, Asphalt line. Shot 12.
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OVERPRESSURE (PSI)

MAXIMUM

fact, peak pressures mnsasured here are not unlike those measured near the center of

the asphalt surface. At gage Btations 17 through 12 (BRL), although the results are ir-
regular, there is evideace that maximum pressures were significantly higher in this
desert sector. Proceeding around toward the water suriace, both BRL and Project 1.10
overpressure data show large variations in magnitude, even from preseure gages located
near the water blast line. Referring to vave-form classificatioas included In Figure 5.14,
it is apparent that there is some correlation between the higher peak pressures and the
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Figure 5.6 Maximum overpressure versus gro-nd range,
water line, Shot 12.
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gage records which exhibi: more advanced wave forms, i.e., Types 6 and 7.

thought to be characteristic of the so-called cleaning-up region of the disturbed-blast-
wave evolution.
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Figure 5.9 Maximum overpressure versus ground range,
surface and 10-foot level, Shot 6.

The Shot 12 area map (Figure 5.15) might help to explain the phenomena observed by
the BRL instrumentation This area map shows portions of the Frenchman Flat test area
which have undergone stabilization for Teapot and previous operstions; also shown on the
map, for easy comparison, are the BRL gage-station locations around the instrumented
arc. Figures 5.16 and 5.17 are postshot area photographs showing the character and ex-
tent of the stabilized areas. It may be more than mere coincidence that most of the BRL
gages which recorded the higher peak overpressures were those located near oron a
stabilized pad. The obvious conclusion is that abrupt localized changes in the character-
i{stics of the surface over which a blast wave {s traveling may have significant effects upon
the peak overpressure and time history of a measurement taken in the near vicinity of the
altered surface. Nonetheless, it should be emphasized that the symmetry measurements
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Figure 5.10 Maximum overpressure versus ground range,
dese~t and asphalt, Shot 12.
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taken on only one shot {n the test series were available and at a ground range (2,500 feet)
where the blast wave disturbances were somcwhat spent. Therefore, it {8 recommended
that similar instrumentation be included on future tests, both within and beyond the re-
gions of disturbed blast waves.

The above discussion logically leads to a consideration of the results obtained from
the Shot 12 offset gages at 1,500 and 2,500 feet on the water blast line (see Figure 2.4}.
These gages were installed for the purpose of detecting the possible cross-feed of blast
disturbances from the desert area to the water area. One method for analysis of cross-
feed effects makes use of the arrival time and position data tn compute interval velocitivs
between the desert-water interface and the various gage stations. A summary of these
velocities is listed in Table 5.2. The velocities have been determined assuming blast-

TABLE §3 CROBS-FIID DATA., SBHNOT 13

Gage Surface Grewmd Arriva} Posllios Diswance trom  Vrocity Wawe-From
Range Time Ldage from Edre Trype
foet sec foot e

3. Weler 150 0110 Blast iine 408 7. 800 0
18 Desert 180 o104 Blast ilne 0° 1
18 Water 1000 01098 BSlast liae 400 19.300 1
] Desert 1000 0140 Slast line o° 1
393 Water 1356 (1) Blast line 400 7.050 1
i ] Desert 1286 0 302 Blast line [ 1
1PIY Waler 1500 0 3318 Offset 138 1,380 1
18P3X Water 13500 03118 Oftest 128 3.110 b

p3) 2] Water 1500 0313 Blast line 400 3.100 3
P9I Desort 1500 (B 1) Slast line [ 1 1

b (f J Waler 3000 o 380 Blsst line 400 2.9 11

i { Desert 3000 [ X1} ) Biast liae [ A 3
nrY Waler 00 0914 Oflset 1% 1.1 1

PIX Weter 1500 0 93 Oftest ITe 3300 (]

- 1¢] Weter 1508 0913 Blast iL>e 0 3.010 1
ors Deoert 1300 o 100 Blast line [ A 4

¢ Blast-vave symmeiry asoumed
T A Rybrid form of Type |

wave symmetry, so that desert blast-line arrival times are the assumed arrival times
at equal rad!l near the desert~water interface.

If a disturbance traveling over the desert surface is lo feed-in energy across the
desert—water interface, this energy would be propagated over the water with the local
sound velocity. Table 5.2 indicates that Shot 12 times of arrival observed at the first
three water-line stations (750- and 1,250-foot ranges) yield propagation velocities too
high to be identified with sonic velocity. Therefore, the first disturbances as well as a
major portion of the pressuro—time history observed at these stations are free of cross-
feed effects. However, Table 5.2 shows that at 1,500-foot ground range the offset gage
nearest the interface (25P3Y) ylelds an arrival time which suggests cross-feed of enerxgy
at this gage. The other offset gage (25PJX) at this range and the blast-line gage (25P3)
show later arrivals; however, it is probable that the cross-feed {s manifest at some time
following blast arrival on the gage records obtained at these stations.

The (oregoing is supported by wave--form observations on the water line (Section
4.5.2); that is, at 1,500 feet the water-line offset gage closest to the desert is a Type 1,
similar to the desert blast-line record, whereas the other offset gage trace (25P3X) re-
sombles the measurement obtained on the water line.

Analysis of wave forms at 2,000 feet produces evidence of effect of cross-feed upon
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Figure 5.13 Maximum overpressure versus ground range,

10-foot level, Shot 12.
a blast-line gage record obtained over the water on Shot 12. The unsmoothed records
(Appendix B) show that the 27B gage record (2,000 feet) is not a true Type 1 form becausa
approximately 100 msec after arrival the pressure—time trace takes on the appearance
of the 7B gage record (Type 3) which was recorded at the same ground range over the
desert. At 2,500-foot ground range, the interval velocities (Table 5.2) are less than
those for comparable gages at 1,500 feet. However, the trend {s the same. and although
the wave forms do not appear (o be completely consistent, the BR!. gage arc at this same
ground range produced similar wave-form variations over similar gage-station separs-
tioas.

In conclusion, it can be established with some assurance that t* e observation over

the water line of earlier-thun-ideal arrival times and Type 1 wave forms was not due to
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cross-feed from the desert surface. Since these observations are identified with the
propagation of a precursor wave, 1t can be stated that a precursor furmed uver the water
on Shot 12 and was observed at the close-in ground ranges.

A poustabot view of the water line, looking toward ground zerv, 18 shown 1n Figure
5.17, while Figure 5.18 is a postshot view of the Shot 12 asphalt line looking south towanrd
ground zero. The highest gage tower, visible )ust left of center in the photograph. is the
Project 1.10 2,500-fout gage station. It appears that the blast wave Lifted off chunks of
the surface, leaving deep pocks in the asphalt. Hcwever, the pocka are not d:strituted
in & rar.dom fashion over the line; instead. there is a rather high denaiiy out to about
2,000 feet, then a relatively unmarked region out to ubout 2,800 fe~t, where a good deal
of the asphalt surface 13 missing.

5.2.3 Overpressure Decay Behind Shock Front. An analylical representation of the
overpres..ure profile of the classicatl shock wave ut a given distance from an explosion ts
provided by:

LKA
p = p.(l-l.\.l)r ‘ is )

Where: p = overpressure al time t
Pm = peak value of the overpressure att = o
t = time measured from shock arrival
At = positive phase duration of the blast wave (Reference 16)

Equation 5.2 is approximately valid for overpressures not exceeding 25 psi. Ina
theoretical paper on strong-shock spherical blast waves (Reference 17), some relations
are derived for the pressure decay behind a spherical shock moving through an ideal gas
medium. It shows that for peak pressures above one atmosphere the decey is not a simple
exponential, since the early portion of the pressure—~time function decays more rapidly
than do the Iater parts. The results of Refereace 17 and Equation 5.2 become identical

when:

— . 05 (5 3)

Where: p; = ambient pressure in {ront of the shock front

Both of these methods of computation are strictly limited to the case of {ree-alr wave
propagation. Thus, any application of the methods to shock phenomena which are influ-
enced by a ground plane (1. ¢., In regular or Mach reflection regioas; cecessarily involves
an approxdmation of unknown magnitude. Nevertheless, it seems worthwhile to make some
comparisons between theory and experiment using some of the Shot 12 data.

Comparisons of the calculated and measured decay of overpressure versus time on
Shot 12 are shown in Figures 5.19 and §.20. Only those records which appeared reason-
ably undisturbed were selected for analysis. Figure 5.19 Includes all of the Shot 12 water-
line records which were analyzed for pressure decay. For the records at 750 (21 BA) and
1,750 feet (28P10A), 28 would be expected on the basis of their high peak pressures, the
method of Reference 17 agrees better with the experimental resuits than does the method
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Figure 5.14 Results (rom BRL measurements oa gage—arc, 8hot 13.
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of Equation 6.2. At subsequent ground ranges on the water line (2,500 feet and beyond),
the differences between the two computation methods appear small; however, if a choice
must be mads, it seems that the method of Equation 6.2 corresponds beat with .- experi-
mental data. The gage records at 2,500 (z9P3Y and 29P40A) and 2,750 feet (31P3) exhibit
a deilnite nonclassic behavior in the first 100 msec after shock arrival. That is, if the
measused peak pressure {a taken as the basis for subsequent calculation, there appears
to be & pressure hump when comparison is made with computed decay. However, it could
equally well be assumed that these records (i.e., 29P3Y, C9P40A, and 31P3) are the re-
sult of & rounding-off of ths more classical sharp-peaked wave form. If this latter con-

g D, n o oo od
...... et ek - . [N e ]
. o . Cee P4
; ‘—ga t - °
...... et e a B e TV
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- -~.,2!"‘~- - -
Sz
“~3.- -
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..... : Figure 5.16 Post-8hot 12, desert line, looking northeast
: toward ground gero.

dition is considered, the decay caloulation must be bared upon an extrapolated (see Figurs
5.19) peak pressure. It is evideat from the figure that the decsy computed from the ex-
trapolated maximum pressure agrees well with the experimeatal record beyond about

150 msec.

The Edot 12 desert-line records (Figu.e 5.20) agree wall with both methods of com-~
putation of overpressure decsy. 8ince the peak prossures of the records approximately
satisly Equation 6.3 (ppy, = 6.6 ps! for 8bot 12), it {s to be expected that the two methods
would be equivaleat. Figure 5§.2Q also includes one gage reocord (49P40) obtained oun the
asphalt line. Because of the base-line corrections which were neocsssary for this record,
the positive-phase durs.tion is 12 doubt. For this reason, the Equation 6.2 decay calcula-
tion was performed usng three possible positive durstions; it is obrious from the figure
that the gage record does not agree with any of the computed deosy curves, indicating
that de" laticas from the clasaical pressure—uUmse wave form were most complate over the
asphalt surface.

The fact that .be Refersace 17 method of calculating overpressure decay behind the
shock {ront appears to agree best with experimeut st high pressures leads to the conclusion

......
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Figure 6.17 Post-Shot 12, water line, looking south toward
ground zero.

Figure 6.18 Post-8hot 123, aspbalt line, looking north toward
ground zero.
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that pressure—time records at close-in ground ranges (less than 750 feet) would probably
exhibit the peaking effect shown on the 21 BA record (Figure 5.19).

8.2.4 Comparisons with Previous Data. These comparisons can be made by consider-
ing such properties as pressure—time wave form, maximum overpressure versus ground
range, impulse, and positive duration. The comparisons are made using, in all cases,
the A-scaled Jdata. Of course, only desert-line Teapot data are used.

For A-scaled comparisons, the partinent shots may be divided Into two main A-scaled
classifications: (1) shots which have simiiar A-scaled burst heights, but different yields
tnd (2) shots which have similur yields, but different A-scaled burst heights. The descrip-
tions of these pertinent shots are summarized in Table §5.3. The wave-form comparisons

TABLE 6.3 SHOT DESCRIPTIONS FOR DATA COMPARIBONS

Shat Yield Hoight of Buret A=Bcsled Classtfication
Height of Burst
x fout oot

Teapet ot ¢ [ D) 800 b2 3J Vartable Yield

Upshet - Kuothole ot 10 14.0 (3 ) 04 Similar A-ecaled Hoighe
of Buret

Tumbler fhet ¢ 106 1.040 3 Vartshie Yield

Upshet-Knothole thot 1) 600 1.4 N Simtlar A-ocaled Holght
of Burst

Teapat thot 13 3 400 138 Vartable Yielg

Upshet -~ Kasthole thot 1 10.3 308 113 Similar A-scaled Heigt
of Buret

Upshat - Kaothele Shot 1 163 200 1us Simuar Yield

Upahot ~Kasthale Shat 10 149 [ ) 304 Variahie A-ecaled Neight
of Burst

Opehat - Kaocthole $hot § » 3453 104 SimbLiar Yiold

Teapat Bhet 13 -] 400 138 Varishie A-ocaled Heign
of Burst

for each pair of shots listed in the table are included in Figures 5.21 through 5.24. Bcth
coordinates of these pressure—time plots have been .ormalized to 1-kt, sea-level con-
ditions; an attempt is made to compare wave forms from gages at comparable A-scalod
ground ranges. Figure 5.21, showing examples of Teapot 8hot 8 and Upshot-Knothole
Shot 10 wave-form comparisons, indicates that although the maximum presgsure meesured
on the Tespot shot is significantly higher, the wave forms are very stmilar. The fame is
true for the Tumbler Shot 4 and Upshot-Knothole Shot 11 results shown in Figure . . '; it
{s notewortny that these latter two shots had widely different yields (3:1). Proceeding to
the next set of wave-form comparieons (Teapot Shot 12 and Upshot-Knothole Shot 1) shown
In Flgure 5.22, {t is evident that at the close~in ranges (sbout 280 and 340 feet, A-scaled)
the normalized wave forms from the two shots are simliar. However, at about 500 feet
(A-scaled) the Teapot record displays a prominent second peak which is abeent on the
Upshot-Knothole pressure—time result; these results indicate that greater cifferences In
wave form are to be expected for a given change of burst height for heights of burst of the
order of 100 feet (A-scaled) than would occur at heights of betwveen 200 and 400 feet. It
should also be noted that the Teapot normalized peak pressures are consistently higher,
indicating that for detonations that bave low A-scaled burst heights, A-scaled peak pres-
sures may depend upon weapon yield

The Upsabot-Knothole Shot 1 and 8bot 10 wave~-form comparisons are included in
Figure 5.23. As summarized in Table 5.3, these shots had sin.'l:r yields but different
A-scaled burst beights. Ths figures show little similarity ip wove, ' rme; specifically,

108
CONFIDENTIAL




200 -
5
.

PRESSURE .~%1)

MEASURCO
|go§ TEST IX R
] 800¢
]
100 4
%0 21 BA
. —
o2 3 0 ) o or
o - e sear
26P10A
% Y 02 Y) oe Y} Y or
Tiwe  (sec)
(k)
"
104 -\
ol 29P3Y
% o1 o2 03 Y} Y) 1) or
Tiee (sec)
9 :\
(XTRAPOLATE D
N
10
[ 29P40A
% Y o2 Y 0¢ as  oe or
Tieg  (3€C)
'Y) ae os ar
TieE  (3EC)
0,
® 328A
“o oY Y] Y ae Y) o or
TieE (3€C)
32P3
% o1 ot Y o6 a8 .08 ar

TINE (32C)
Figure 6.19 Decay of overpressure behind shock front,
water line, Sbot 12.

109
CONFIDENTIAL

Beie



.....

-----

MEASURED
-tk

., 0 escs=saas (t- t/at }e
SROOE
* i6 P10
) S -
o Qs 02 03 ose (+L.) oe ar
é TIME  (SEC)
a e
" o PR e S———————————————
w g o 02 03 ) os ae or
£ TIME (SEC)
& I7P3
% o "oz o3, . oa o3 =
TiIME (SEC)

PRESSUNE (PSI)

03 06
Tiwe (sec)
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the 8hot 1 pressure—time records exhibit shock-like pressure rises, whereas the Shot

10 results show slow-rise, comoression-like wave fronts, particularly at the close-in
ranges. The last set of wave-form comparisons, shown in Figure 5.24, include Upshot-
Knothole Shot 9 and Teapot Shot 12. The A-scaled burst heights for the former were too
high for precursor formation (see Table 5.3), which explains the disturbed wave forms
observed on the Teapot Shot only. The figures show the extremely poor correspondence
between pressure—time wave forms obtained on these shots: the Upshot-Knothole records
are consistently classical, while the Teapot results show the influence of disturbing ef-
fects out to about 1,100 feet (A-sculed range).

In addition to wave-form comparisons, the Project 1.10 data may be compared with
previous results on the basis of peak overpressure versus ground ransge. This compari-
son is documented is Figure 5.25, where the A-scaled surface-level peak pressures are
plotted against A-scaled ground range. Included on this figure are wave-form classifi-
cations, ideal overpressure curve (solid line), and the Teapot 8bot 12 curve (dashed line).
At A-scaled ranges less than 1,000 feet, peak pressure data are significantly depressed
below {deal values; the experimental points appear {irst to merge with the ideal at ebout
1,200 feet (A-sccled), which corresponds to 7 or 8 psi (A-scaled). There is a tendency
for Tumbler 8bhot 4 maximum pressures to be notably low at the close-in ranges, & result
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OVERPRESSURE (PSI)

which may be explained by the relativeiy high A-scaled burst beight for this shot.

For Upshot-Knothole, Reference 9 presents & treatment of overpressure poaitive—
pbase duration and positive impulse as a function of peak pressure. This report includes
composite plots of these quantities using A-scaled results from all nuclear air bursts de-
tonated prior to the fall of 1953; it was possible to draw average smooth curves through
the army of data points. These curves are presented in Figures £.26 and 5.27, where
the dashed lines define the x 16-percent deviation from the average curve. Although the
data from previous shots scattered a good deal, it was found that about 90 percent of the
data points fell within the + 15-percent limits. In addition, it was found that the smoothed
curve did not {it data corresponding to pressures higher than abcut 30 psi (A-soaled).

For completeness, Figures 8.26 and 56.27 include all data from Tespot Project 1.10 and
only those data from previous shots which correspond to maximum pressures in excess

of 30 pst.

The positive-duration-versus-maximum-p:essure plot (Figure 6.26) shows that data
from Teapot Shots 6 and 12 over all three types of surface agree well with the composite
curve; however, at overpressures in excess of 30 psi there is a tendency for the Teapot
and previous data to diverge. Data from other shots show a definite trend toward de-
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Figure 5.21 Wave form comparisons (A-scaled), Teapot Shot 6,
Upshot ~Knothole 8hot 10, Tumbler S8hot 4, Upsbot—Knothole Sbot 11.
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Figure 5.22 Wave form onmparisons (A-scaled), Teapot ghot 12,
aud Upshot—Knothole Shot 1.

creasing duration with {ncreased maximum overpressures in the high-pressure region;

on the contrary, the Shot 12 positive durations correspondirg to pressures near and above
100 psi (A-scaled) are significantly higher than previous data would predict. It is possible
that the very long durations at close~in gage stations are due to some uncompensated in-
strumental error, ¢.g., a short time-shift in the zero-signal response characteristics

of the gage immediately following shock arrival at the gage. However, it skould be noted
that the analysis of the free-air case in Reference 17 predicts the observed increase in

positive-phase durations at the higher shock strengths.
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The positive-impulse data shown in Figure 5.27 are presented in the same manner as
were the positive-duration data. Although the Shot 6 asphalt-line impulse data are con-
sistently too high aad outside the + 15-percent limits, the 8hot 12 data show no definitive
effects of surface properties. There appears to be some tendency for the Teapot Project
1.10 {mpulse data (below 30 psi) to be higher than the composite curve. For A-soaled
maximum pressures above 30 pai, the Teapot impulse resuits do not disagree signifi-
canuy with previous results; however, at these higher pressures, it appears that the
positive impulse {s always lower than would be indicated by the extension of the compo~
site curve to pressures above 30 psi. In addition, since poaitive impulse is obtained by
integration of the pressure—time record, it will be leas critically influeaced by possible
short-time instrumenta! disturbances than will the positive-phase-duration variable.

5.3 DYNAMIC PRESSURE MEASUREMENTS q°*(pitot;

The general method of presentation of the Project 1.10 overpressure data {ncluded
in the previous section wiil be applied to the discussion of the q®(pitot) measurernents.
First, the effect of surface proparties upon the data will be cousidered, after which com-
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parisons will be made with avallable results from previous shots.

8.3.1 Effects of Surface Characteristics q*(pitot). The plots of maximum q° (pitot)
pressure versus ground range fo: Shot 12 are shown in Figures 5.28, 5.29, and 5.30.
The various symbols on these plots judicate the maximum q°(pitot) pressure recorded at
each grecund rango, and the letters inside the symbols designate the wave-form type as-
sooiated with each record; no letter (nside a symbol indicates that the wive form does
not correspond to any specific classification. Again, the data have been correctad for
pitch angle and Mach number.
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The Shot 12 data for the water-line maximum q°(pitot) pressure shown in Figure
5.28 indicate that 3-foot pressures are significantly higher than those measured at 10
feet; bowever, because of the steep slope the position of the 3-foot data point at 2,000
feet ground range has a profound influsnce upoan the ahape of the curve. The attanuation
of peak q*(pitot) pressure with distance :s quite severs. The curve of Figure 5.28 indi-
cates a drop in pressure from about 300 to 3 pst in a ground range interval of less than
2,000 feet. As stated previously, the water-line q*(pitot) records do not lend themselves
well to wave-form classification, which accounts for the many blank symbols on Figure

5.28.
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The desert-line q°(pitot) data of Figure 5.29 show an attenuation of pressure with
distance which s similar to that observed over the water line; however, unlike the water
line data, the 3-foot maximum pressures over the desert appear to be depressed relative
to 10-foot values.

Figure 5.30, showing the q*(pitot) resuits over the asphalt line, is not significantly
different in appearance from the plots corresponding to the water and desert lines. Theie
is apparently little difference in the maximum pressures at 3- and 10-fo1t levels; more-
over, the decrease in q°®(pitot) peak pressure between 2,500-foot ground range (13.1 psl)
and 3,000-foot ground range (0.85 psi) I8 most severe on the asphalt line. [t {s noted that
the single “ata point at 3,000 feet produces the aforementioned appearance of serious at-
tenuatiou; however, the fact that the 40-foot-level gage at 2,500 feet recorded a depressed
q° (pitot) maximum lends some validity to the curves drawn 1n Figure 5.30. In fact, the
obvious consequence of the marked attenuation characteristics (¢vident in Figures 5.28

through 5.30) {s that one or two data points may influence profoundly the character of tie
best-fit curve drawn through the data. If this danger is kept 1n mind, the discussion of

the composite Shot 12 q*(pitot) curves can proceed more proiitably.

Figure 5.31 is the composite graph of Shot 12, 3-fcot q* (pitot) maximum pressures
over the three blast lines: the figure also includes the ideal-dynamic-pressure-versus-
ground-range curve (Refer=nce 12). Primanly, it is obvious that the q° (pitot) maxima
over the three surfaces agree closely at the {irst gage station (1,250-foot gruund range):
also, the pressures recorded are larger than idcal at the game range by about a factor
of five. Maximum q°(pitot) pressures approach idcal at 2,500-foot gruund range on the
water line, but on the desert the earliest indication of agreement is at 3,000 fcet. The
valuo over the asphalt at 3,000 feet falls appreciably below the ideal; 1t will be recalled
(Figure 5.12) that a severely depressed peak overpressure was also recorded at this
range.

The 10-foot level q*(pitot) compusite for Shot 12, presented in Figure 5.32, indicates
that at this gage height the effect of surface properties is more systematic than is the case
for the 3-foot measurements. The pressures measured over the desert arc highest; at
the close-in 10-foot gage station (1,500 feet) the peak pressure is agrin larger than ideal
by a factor of five. Desert-line q*(pitot) maxima are close to ideal at ground ranges of
3,500 and 4,000 feet; the same is true for water-line measurements at 2,250 and 2,500
‘eet. However, in the latter case, the wave forms of the q°(pitot)-time records are far
from ideal io appearance (sec Figure B.3). This suggests, as pointed out in Section
5.2.1 in connection with overpressure data, that it {s misleading to label a blast wave
ideal op the basis of its maximum pressure only.

The Shot 6 maximun. q°(pitot) data are presented in Figure 5.33, all obtained from
10-foot-high gages. Because so few measurements were taken on this shot, the useful-
ness of the data {s restricted to supplementing the Shot 12 results. Figure 5.33 shows
that at the closest gage suation (1,300-foot ground range) the peak q°(pitot) pressure was
higher over the desort surface; also, the pressure exceeded the ideal value at the same
ground range by factors of about four (over asphalt) and six ‘over desert). The Shot 6
q°* (pitot) data, like those of Shot 12, exhibit severe attenuation of maximum pressure as
a function of ground range.

It {s possible, with refexence to the Shot 12 photographic data reported by NOL
(Reference 15), to determine the approxir.ate arrival times at various ranges of what
appears to be a dust front. Upon checking some of these dust arrivals against the pres-
sure—time records obtalned oa Project 1.10, it appears that some measured effocts may
be attributed to the dust. An example is the 3-foot- ;-ve! pltot-tube results at 3,000 feet
(9P3 and 9Q3 of Figure B.7). The q*(pitot) record :9Q3) shows a slow pressure rise fol-
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lowed (about 30 msec after the initial arrival) by a sharp, high amplitude disturbaace.

The delay between initial arrival and the high amplitude portion corresponds well to the
NOL photographic data for time delay of dus:-front arrival at this station. The side-on
record (9P3) shows only a rather minor indication of dust arrival at a somewhat later
time than observed for the head-on gaye. This same behavior I8 characteristic of several
pitut-tube gige stations on the Shot 12 desert line.

5.3.2 q*(pitot) Positive Impulse. It was realized from previous nuclear test series
that the drag torces and the damage to certaun classes of drag-sensitive targets in the
regions of disturbed blast waves did not corrclate with the resuits anticipated from utili-
zation cf moasured overpressures. Tha limited pitot-tube dynamic-pressure measure-
ments avaiiable indicated, in general, that in the disturbed region, q®(pitot) preasure is
substantially higher than would be calculated using classical relationships and the meas-
ured overpressures. [t is well-known that one of the most prominent characteristics of
precursor blast waves, manifest in both dynamic pressure and overpressure measure-
ments, is the marked increase in positive duration and impulse in the region of severe
disturbance. Since duimage to drag targets 18 of great interest, it was thought e gedient
to investigate the impulse associated with the q* (pitot) measurement cf Project 1.10.

For this investigation, rather than attcmpt to vbtain the total positive impulse, it was
decided that a more uoeful purpose would be served if the impulse-versus-time function
were determined for each q*(pitot) measurement. The results of these successive inte-
grations are summarized in Figures 5.34 through 5.38. Some genersi statements can be
mado on the basis of these figures:

1. On Shot 12, vut to 2,500-foot ground range;, the 3-foot-level results show that the
effects of the asphalt and water lines are comparable, while the desert q*(pitct) impulse
reaches vaiues as much as ten times larger than those incicated on the other blast lines
(Figures 5.34 and 5.35).

2. At the 10-foot height, the impulse in ordor of decreasing value is desert—asphalt-
water; the impulse magnitudes over the desert surface are usually three or four times
larger than those measured over the asphalt or water surfaces.

3. Only at 3,000-foot ground ranga (see Figure 5.37), where the q°(pitot) impulse
maximum is about one percent of the largest value measured, do the water-1..e data ex-
ceed those over the desert and asphalt.

4. The one Shot 6 compariso. (sew Figure 5.38) indicates that th+ impulse—time
curves [or the two blast lines are of the same form, with the desert-iine values consist-
ently higner.

it ig belleved that the very high q°(pitot) impulse values measured over the dosert
surface are caused by Lhe preseace of an excessive ainount of particulate matter carried
along by the pressure wave. It is furthor believed that this particulate matter affects the
pitot-tube gage as wculd an additional pressure. I[n regard to using q (pitot) impulse for
damage correlation, some information is supplied by reference to the Teapoi report on
drag-target ipvestigations (Reference 18). To summarize. those results indicated simi-
lar damag: to drag targets oa both the water and desert lincs of Skot 12, but a alightly
more severe damage level on the asphalt line. The fact that the q°(pitot) impulse curves
of Figuies 5.34 and 5.35 wou'. 1ot have predicted this general result suggests the possi-
bility that the factors affecuir,; thy q-impulse measurements sre not the same &s those
which significantly influence dan.aje (o drag-seneitive targets.

5.3.3 Comparisons with Previous Data. Unlike the situation with regard to over-
pressurc measurements, there are ~uly a few q°(pitot) results {rom previous shots which
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can be compared with Project 1.10 desert-line data. The plot of maximum q°®(pitot) pres-
sure versus ground range (A-scalcd) {s shown in Figure 5.39. Included are wave-form
classifications (where possible), the ideal q°(pitot) curve (solid line), and (for Shot 12)
the 10-foot-level desert-line data and curve (dashed line). Aiso shown in Figure 5.39 are
the available q*(pitot) pressure data (corrected for Mach numbor) from previous shots:
oamely, Upshct-Knothole Shots 10 and 11. The Upshot-Knothole Shot 10 data at A-scaled
ground ranges less than 1,000 feet are probably low (note arrows on symbols) due to sus-
pected gage overload (Reference 6). The remaining Upshot-Knothole data, the Shot 11
result near 800-foot range and the Shot 10 result near 1,500 feet, are in agreement with
the ideal values at these .\-scaled runges. Finally, it is apparent that, at A-scaled
ground ranges less than 1,000 feet, the Teanot Shot 12 q°(pitot) maximum pressures over
the desert are much greater than have been measured on any previous shots.

6.4 PRECURSOR PHENOMENA

The most significant airblast results of Operation Teapot, and more specifically,
Project 1.10, were obtained where airblast behavior depa’‘ad from ideal. Such depar-
tures have been attributed to surface and/or thermal effects on blast and may be classi-

fied as precursor phenomena.

5.4.1 Background. Since it was not possible to study the blast characteristics of
nuclear explosions without the effects of accompanying thermal radiation on the surface,
there were no means before Teapot of experimentally separating the mechanical and
thermal efiects on blast. High-explosive tests, which have negligible accompanying
thermal radiation, showed minor blast effects due tc differences in surface mechanical
reflection properties and surface dust. Surface nuclear explosions, wkere geometry
limits the thermal radiation Incident oa the blast surface, gave results similar tc TNT
tests. In any case, the extreme deviations from ideal blast phenomena which were ob-
served on several low-hurst-height nuclear detonations are far greater than the pertur-
bations cbserved for s.aled TNT tests or {~r surface nuclear tosts over the same kinds
of surfaces. It therefore appears safe to assume that thermal radiation is the principal
cause of blast wave departures from {deal. Of course, the properties of the surface,
{ncluding dust. can have a profound Infiusnce upon the degree to which the thermal radi-
ation affects blast.

It Las been customary to use the term precursor to describe the blast cocditions re-
presentative of low bursts where the thermal effects on blast are of major importance.

It must be noted that the disturbing e{fects on blast can be significant without the actual
generstion of a precursor wave, or outside the range of the precursor region. The term
precursor is used {requently in a general senss to descnbe the whole region where the
thermal effects on blast cause significant departures from the !deal case. In some cir-
cumstances the term noaideal is used to describe this behavior.

Anomalous blast behavior was observed on most nuclear test series prior to Teapot.
The role of thermal effects oo blast was first clearly delipaated oo Tumbler-Saapper,
where the precursor ptenomenon was identifiled Subsequent re—examination of Buster
and Greenhcuse blast measurements confirmed precursor ex{stence and showed similur
thermal perturbations oo blast. i rcmained for the Upashot—Knothole test series to In-
vestigale the effects of such noaldeal biast waves oo targets and to study further the asso-
ciated basic-blast pbenomena. Much additional valuable Information was obtaiaed during
Upsbot - Knothole which led to qualitative explanatione of the thermal effects on hlast
waves; bowever, it was the objectivo of the Teapot series to put this thermal pheaomenoa
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on a firmer quantitative basis and to aid in the prediction of the blast behavior of nuclear
weapons (at low burst heights) over surfaces other than those characteristic of desert
areas.

The blast disturbances observed on previous test series have been explained in part,
qualitatively, by the hypothesis that the thermal radiation creates a heated layer of ir
adjacent to the ground surface prior to shock arrival at the point of observation. Ana-
lytical considerations and some supporting shock-tube experiments indicate that a con-
ventional shock wave is markedly influenced by passage into a region having a nonuniform
temperatur.. or, more particularly, a nonuniform sonic velocity.

To date there has been no adequate description of the effective mechaniam of heat
transfer responsible for the generation of the assumed thermal layer. Experimental
measurements on previous nuclear iests and additional measurements on Teapot were
designed for the purpose of inveatigating the propert.es of the thermal layer prior to
shock arrival. Such measurements were only moderately successful; general instru-
mentation problems, plus turbulence and atmospheric instability effects characteristic
of the heated region being investigated, have reduced the value of theae measurements
in a quantitative sense. Therefore, although measuremenis have proven e existence
of a preshock thermal distrubance near the grourd, details concerning temepratures,
temperature gradients, and height of effective layer at shock arrival have been incon-

clusive.

5.4.2 Mesasured and Computed Preshock Temperature. A sizable fraction of the
total energy released from a nuclear detonation i8 emitted in the form of thermal radia-
tion. Large amounts of thermal radiation are incident upoxn the ground before shock
arrival, and thus, the existence of a nenr-surface thermal layer appears to be & sound
assumption. Actual measurements of preshock air temperatures (Project 8.4) and pre -
shock sonic velocities (Project 1.5) on Teapot Shot 12 appear to be incompatible; in addi-
tion, neither set of these data appears to describe adequately the preshock thermal pic-~

ture in an understandable manner.
If & near-surface thermal layer is assumed prior to shock arrival, {t is possible to

seot up analytical relationships which >an be used to deduce the general characteristic of
the thermal layer {rom the observed hlast behavior. Temperatures computed in this
manner are, &t best, gross averages and apply only to conditions which exist just prior
to shock arrival at the range in question. The reiationships based upon blast parameters
can be divided into three main classifications: /:) those using shock wave equations,
measured initial overpressures, and some average wave-front orientation angle (cailed
pressure calculation); (2) those using the assumption that wave propagation velocity
equals the sonic velocity characteristic of the medium (called sonic calculation); and
(3) those using only angles of shock-wave-front orientation (called angle-of-front cal-
culation). These three methods of approach will be discussed in order.

Pressure Calculation. With a shock front moving through a medium of
consant y (ratio of specific heats), analysis yields:

_P_’__ 2y vnine, ] 15, 1)
P Yy + 1|\ ¢, '
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Where: pj = initial overpressure behind the shock front
v = horizontal trace velocity of the front
0 = acute angle which the shock front makes with the ground surface
C. = sonic velocity and pressure of the med:um just ahead of the shock front

(see Figure 5.40)
p; = sonic velocity and pressure of the medium just ahead of the shock front

(see Figure 5.40)

From the measured overpressures and the photographic data (Reference 15) showing the
orientations of the shock fronts, Equation 5.4 may be used to compute C;. Then the

preshock temperature T, {8 reiated to C, by:

2
c T
(_l) - (5.5)
c T

Where: C = sonic velocity corresponding to ambient atmospheric conditions
T = absolute temperature correeponding to ambient atmospheric conditions

This method may be extended somewhat to incorporate the assumption that at the ground
plane the flow must be parallel to the surface, i.e. 6 = 90°. Then, for surface-level
temperature calculations, Equation 5.4 reduces to:

Py

PR o

If an error analysis is made on Equation 6.4, it {s concluded that for overpressures up
to about 30 psi, errors in the computed C; are not very sensitive to errors in p, ;
however, errors in the computed p, are quite sensitive to errors 1n C, v, and 6, if 6

i{s small.
Sonic Calculation. This method is based upon the cxistence of a compression-

type acoustic wave. If this condition 13 fulfilled, the propagatica velocity of the initial
disturbance (pressure) equals the sonic velocity of the medium, aad Equation 5.5 is im-
mediately applicable for the temperature calculation. Hence:

vninG' T; (s 1)
c T
v\? T,
(E) * T (5 8)
i
t
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.....

This calculation (which assumes the wave propagation velocity to be the same as the
sonic velocity) if applied erroneously to a shock wave would yleld temperatures much
larger than those computed from the preesure-calculation vr angle-of-front methods.

Angle of Front. The assumptions inherent in this method of temperature com=-
putiations are, in the shock wave region: (1) ¥ ‘s constant; (2) the precursor {ront is a
shock front which obeys Rankine-Hugoniot relations; (3) the peak pressure is everywhere
constant along the shock front; and (4) the precursor front moves along with constant
shape; i. e., every part of the frort moves at thc same horizontal velocity. On the basis
of application of the method to a compressional wave frount (the acoustic case), only as-
sump?‘ons (1) and (4) are necessary. Referring to Figure 5.41, Equatfon 5.4 can be
writte~ for conditions at the two p~ints of interest ia the shock region.

Region A:

(5 9)

Region B:

(5 1

Where: C,, C g = sonic velocitiec ahead of the shock at points A and B.
f ypo =Yypadp, = pp (see assumptions above), then:

Va ’

v
(.‘ Gy

(511

And, if all points on the wave travel forward at the same horizontal velocity v then:

v
4 )

VN : 5 12)
s1n U‘ sin ('.

Equations 5.9 and 5.10 reduce to:

(o (o

4 N in b'.

C, 15 13)

sin U, sin ¢,

If it is assumed that close to the ground surface and within the thermal layer the shock
front is perpendicular to the ground plane (Figure 5.41), then (Reference 7):

(5 14)

sin ¢
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This last equation was used when, on the sr ock photographs, a portion of the pracurscr
wave front was obscured by dust near the ground surface. It i{s obvious that Equatica
5.14 will y.eld higher preshock sonic velocities (and temperatures) than will Equation
5.13. Equation 5.13 applies {f the wave {8 continucusly a shock front from A tu B or
(directly from Equation 5.7) a compression wave from A t~ B. If the wave front is &
compression wave near the ground and a shock wave at higher elevations, as {8 some-
times the case, Equation 5.13 {8 in error. [f the shock wave merges sharply with the
compression wave at E, then the propagation velocity vg* slightly above E(in the shock
region) will be greater than the propagation velocity vg -~ slighdy below E (in compres-
sion region) due to the overpressure; {.e.:

[U; - ] < v

g t 5 15)

If the horizontal propagation velocity remains a constant on both sides of E (which it
obviously must) then the wave front must contain a cusp, since:

v . (5 16)

e < e (5 17)

v v C C
d ° ) ! (5 18)

0 sin t“

sin -
sin U

In the shock region from Equation 5.13:

C C ¢

] [ e
5 . ’ (5 19
Lol G 4 sin t’l stn r';
And hence from Equation 5.17:
g c C c, )
4 ]
< : 2 (s 20)
Lo sin t'; sin o] SINaR.Ey
Or: c
A
—_——— sin < C (S 21)
[3Y,] (" b b
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Thus the computed sonic velocity ustng Equation 5.13 will be less than the actual sonic
veicclty whene ser pofnt A 8 in a shock reglon and point D I8 in a compreasion region.
This error 15 proportional to the «ver-vejocity caused by peak overpressure and hence
the inequality o1 Equation 5.21 tncreases with overpressure.

Now thut the main elements and limitations of the three methods have been establish-
ed, the temperature calculations from Shot 12 data may be analyzeu critically. Tables
5.3, 5.4, and 5.5 present the results of the computed temperatures along the three Shot
12 blast lines. In each tabie, the source of data for the temperature calculation is given
in the appropriate column heading. In T.. s 5.3 and 5.4, the column headed Equation
5.4 contains several temperature vialues in parentheses— it was sometimes difflcult to
choose a sirgle unambiguous maximun pressure associated with the precursor wave.
Occaslonally, thercfore, computations were carried out using the two most likely cholces.
The last column ¢f each table lists what i8 considered as the best value of computed tem -
perature; this choice 16 based upun the types of pressure —time record observed at each
station; t.e.. a shock-type pressure rise would suggest that the best temperature calcula-
tion is either the pressure method or the a.gle-of-{ront method, whereas a compression-
tvpe pressure -time history points to the sonic method. Naturally. the so-called trans- 1on
furm of record presents a problem; however, since it was stressed that the angle-of-
front method was equally applicable to the shock or compression cases, it would seem
that these angle-of-front temperature calculations, where available, should influence the
best value choice {n a transition region. In the tables. the best values In parentheses
are based upon rather weak assumptions and are included only as approximate temper-
atures.

Figure 5.42 prereits the best-value near-surface temperatures plotted against
ground range for the three blast lines of Shot 12. Although the data are meager and of
questionable accuracy, scme general statements can be made:

1. Near-surface preshock temperatures at ground ranges between about 650 and
1,000 feet cre comparadble over the aaphalt and desert lines.

2. The greatest discrepancy of computed preshock temperature over the desert and
asphalt surfaces occurs at 1,500-foot ground range.

3. At 1.500-foot ground range, computed preshock temperature over the water sur-
face I8 not significantly less than the desert-linc surface temperature; however, at 2,500
feet, the value over water is severely depressed with relation to the desert data.

It may be significant that the surface preshock temperature« st close-in stations
over the desert all bunch around values in the 1,500C—-region. Reference to the data
handbooks (Reference 19) shuws that many of the common desert-soll constituents (e.g.,
silicon oxide, alumina silicate, etc) possess melting temperatures in the range 1,500~
2,000°C. This suggests that the chemical composition of the surface material might In-
fluence the maximum temperature rise prior to shock arrival.

One additional plece of evidence pertinent to the analysis may be obtaliied from a
theoretical calculation of the preshock surface temperature on the desert line. The max-
fmum lempcu(url’\ris\g/of the air at grade level during Tumbler has been shown to be
correlated with the total therr-al energy delivered ncrmal o the surface divided by the
square root of the time tc the second thermal maximum {.e., Qn H’i; (Reference 20).
Since shock arrival docs nct appear to correspond to the time 1.t which the surface tem-
perature {s at maximum, the above temperatures must be corrected by the method out-
lined in Reference 21, Pages 16-18.

Since thermal-yield measurements were not a [ rimary measurement on Shot 12,
thermal yleld and time of the second thermal maximum were determined from Reference
22. Thermal yleld may be calculated as an air burst (8.5 kt)or, since the maximum
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Figure 5.36 q°(pitot) impulse versus time, 2,500 foet, Shot 12.
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fireball radius exceeded the height of burst, by the method of heference 22, Page 47,
(6.5 kt).

Temperatures corresponding to both these ylelds were computed as follows:
Qn* vip was found for each station, assuming the cosine law to hold. The faximum
temperature rise was found from Figure 8 of Reference 20. From F!gure 5 of Reference
21, the ratio of time of maximum temperature rise to time of thermal maximum was

TABLE 84 DISERT-LINE COMPUTED TEMPIRATURKS FOR SHOT 12

Computatica Methode

Growmd Arrival Neigh (1" L Iqs. I Iqm. Type Dot
Range Time [ X} 012 s12 3 37 of Yalwe
[+ 1 NOL 8N f L] (1] weve
Deta Data Data Data Data
leat see foet (o °C °C *C ‘C
80 [} 1.100 1.100
%0 0.104 [ ] 1,348 0.700 Shoch .38
(1] L] 1011 1.011
1,000 0.140 0 1.641 4.300 Ehock 1,641
1.200 ] 1.084
1,300 3 100° 4.100 Shoch 1160}
1.500 ¢ 8 [] 50 " 90 3.600 1.580 eck - 000
3 430 1.000 Shech o0
10 17 F11) Trans. 17-313
1.700 ] 163
1.100 10 1.430 (se0) ¢ Tress. { < 648}
3.000 0483 [ ] it} b} 1) 138 810 150 Treas. 138-3%0
3 17 108 Trans. 17-100
10 12 13 Traas. 13-13
3.200 10 ne e Tress. [11]]
1.000 0.700 (] - 30t~ 00) -10 " o4 Come. IT-90
3 - 00) -] Comp 18
10 - 1%- ¢0) 1 Traae. <«
38 - M- 38 Trane. <38
L) &) ” Treas. 9
3.000 1.193 ] 1 (1] L) ) Comp “
] 17 L] Sheck 17
10 -3¢ -10 Shech -3
3,000 1.013 ® 0 ” [ " Snch 10- 20
10 » Sheck 4
§.058 ] 11 }) Sheck
4.000 L] -1¢ p_J L1} E 1) Shech »
] -1¢ Shech

* Used NOL wuve freat tagie dnls.
1 Used aa.ne wvove freat angle as shoerved ol asareel gage slation.

found to equal 2.4.! Using the observed time of arrival, the ratioc of time of arrivai to
time of maximum temperature was computed. Then ueing Figure 3 of Reference 21, the
temperature ratios may be found and the temperature at shock arrival computed. Theseo
results are shown In the table below. Temperatures at stations closer than 2,000 feet
are not tabulated cue to the teauous nature of the calculation in these regions. Note that
the values In the table arc largor than those given by the shock-wave calculation.

! Operation Tumbler data yleld «/ VRST = 33. Estimated values are « = 0.7,
€ = 0.5 so that «vIm / YKST s 10.
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Ground Surface Temperature, Desert Line

Range Thermal Yield Thermdl Yield
8.5 kt 6.5 kt
feot ‘C °C
2,000 1,300 825
2,500 445 200
3,000 100 15
4,000 40 30

Since the computed temperaturc {s determined on the basis of coaditions obtaining
at shock arrival, it is obvious that the computations over the different blast lines,
although they refer to the same ground range, correspond to different absolute *Imes.
Therefore, a legitimate criticism of the Figure 5.42 presentation of temperatures is
that at the same ground range. temperatures over as  ilt are determined at timee
significantly earlier than thore computed over the desert. S0, to complete the analy-
sis, Figure 5.43 presenis the computed temperatures as a function of arrival time for
Shot 12. This presentation indicates a rather consistent behavior over the three blast-
line surfaces — it {s poss‘ble to draw a single average curve which agrees well with
the derived temperature data. The general form of this curve {s a flat maximum out
to about 0.2 second, followed by a eharp drep in temperature tc about 0.5 second, and
then a slower decline out to approximately ambient values at 1.6 second. It is note-
worthy that on the time plot of Figure 5.43 the asphalt data near 2,000°C and the water
temperature near 400°C appear quite compatible with the remaining results —only at
later arrival tlines do the water line preshock temperatures fall well below the average
curve.

To conclude, it can be stated that a careful analysis of airblast data will yleld
some useful information concerning preshock .emperatures near the ground surface.
It would be desirable in future operations to obtain more complete data from vhich to
compule wave-front orientations, in addition to the more conventional pressure—time
documentation.

b4

5.4.3 Precursor Development. Although much attention has been directed toward
the study of the p-ecureor wa.e, its formation and development, the origin and mech-
anisms responsible for this phenomenocn bave not been ciearly expiained Some ques~
tions which are as yet unarswered are: Can the heated-lsyer theory predict the
formsticn a7 d development of the precursor wave from a particular weapor detoaated
over a particiar surface? Does thc beated layer concept exclude the existen-e of
so-called thermal-sbock wave? What 1s the origiy of the precursor wave? How do
precursor pbegsomena scale? Are there meaningful corvelations {n the detatled re-
sults obtained on precursor-producing nuclear weapon tes!s? These questions will be
coasidered briefly in the di. ssion which follows.

Considering first the nuclear explosion as a source cf thermal raciatioz, it 1s
pertinent to investigtte ‘he dynamic effscts produced 1z a medium as a result of heat
release in the medium (Referencc 23). (Reference 24 deals with the problem of
pressure waves generated by adc ion of beat in a gaseous medium and obtains the
exact solution of an idealized problem In which a flnits amount of heat is relessed un-
{formly at a section of & tube wkh a given rate; {rom this solutina, strength of the
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shock generated {8 computed. The basic mechanism by which pressure waves are
produced by hea’ addition is that wnen heat {8 added to a volume of gas, the density
of the gas 18 in general reduced. This causes an expansion of the vulume occuplied by
the heated gas, which expaneion produces the pressure waves.

In se~king the exact solution to the two-dimensional problem, Reference 24 char-
acterizes the undisturbed medium by two thermodynamic parameters, the pressure p
and temperature T. Since the velocity of sound a In the undisturbed medium is
uniquely related to the temperature T, p and 2 may be used as the two parameters
characterizing the undisturbed medium. The strength of the shock wave can be
described in terms of the pressure ratio p,/p, across the shock, where p, is the
preseure {mmediately behind the shock. It is clear that, in general, the strength of
the shock depends upon the rate of heat release per unit area §, the state of the un-
disturbed medium being characterized by p and a as well as by the time t. That is:

b
— 2 F{S.a.p.t) (5 22)
Py

The viscous and heat-conductive effects have been neglected in Equation 5.22. Because
of dimensional considerations it 18 necessary io write the above relation as:

P, S
— « F = (5 23)
P, ap

That {8, the shock strength must be indcpendent of the explicit time t, which s ac-
tually a direct consequence of the fact that there 18 neitber a characteristic time nor
a relevant characteristic length in the problem. The derivation ytelds:

S 2 Py [Py Ty + 1 N IR
D = =0 l\ b + y- - (5 24)
ap Yy - ll'| "y / 2y " 2y

The tabwulation below lists values of S/ap computed fnr selected p;/p, ratios. Also,
shown in the tabuiation are the correspondi.g ~* ‘TpPrris:ccs p =p; + p; and S quanti-
ties; the latter are determined on the basis of a = 1,100 fps and p; = 14.7 psi. The
heat delivery rate for substantial pressures {s not extraordinarily large when com-
pared with thermal energies delivered by nuclear explosions.

21/P 8/8p P 5
psi cal/cm? sec
2 7.3 14.7 42
4 31.8 44 180
8 85.2 74 370
8 105.7 193 800
10 152.5 132 870
1368
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With this analysis In mind, it {s possible to hypothesize concerning the observed
propagation velocities of precursor-forming shots. Consider the four ground-range re-
tions shown on Figure 5.44. It each region it t8 postulated that the velocity of the tnitial
disturbance is governed by different conditions. Now suppose that a pressure wave may
be created by addition of beat L the air near the ground (as described In Reference 24)
and that there is a threshold criterton which {8 related to the dellvery of thermal energy
to the ground. Then. by virtue of the inverse square law for radiation and the time de-
pendency of radiant flux, the threshold will be surpassed at different ground ranges at
varfous times. That is, time of arrival and a velocity can be assigned to the threshold
condition and bence to the generated pressure wave. The velocity of this thermal pres-

TABLE §8 AOPHALT-LINE COMPUTEID TEMPERATURES FOK SHOT 12

Computation Methods

Grousd Arrivak  Helghn Itn L. [ £ Egn. . Type Best
Range Time [ X ] [ 8] s12 88 87 of Value
L] NOL  &rI SRJ LV wave
Deta Dats Dats Deta Deta
fost [ oot *C *C °C °C *C
" [ ] 1.043 1,683
7850 .00 [} 1,897 10,000 Shock 1.837
" (] 1.408 1.498
1.000 0.134 0 1.043 4.900 Shock 1.68
1,500 e 1.498
1.3 8 130°¢ 4.900 ook (330)
1.800 0.4 0 1.1 1.308 1,800 3080 1339 Trass. 1,180-2.230
3 1] 1.1 Sdoak 1]
10 - 15 100 Shock
1.500 [ ] 33
.10 (B} 0 1.880 (040) Traas. (< 348)
8.000 (X1 [ ] 108 18 ”"e 398 Tramo. 108308
3 ” 0 Treas. °0-379
10 (1) 138 Trase. 46-218
3.3%0 10 (L ] ()1 True 1< 04)
3.000 0.07¢ 0 -10(- (1] 360 1Y} Comp. 1]
3 LIRS ] 7 Comp. "
10 -s0(-00) L} Comp. s
n (-8 28 Trans. -5 -2
) o 1178 shook o
2180 (] 300 (R 1)) Come. (38)
2.009 1.684 L ” » 100 1 Comeg. 310-10
3 18 Comp.

¢ Used ROL wavs Gromt angle date.
t Used same waw freat angie oo sboorveJ ot nsarest gage stalicn.

sure wave, v4, Aas a function of ground range will be markedly (nfluenced by the choloo
of the threshold criterion. However, the mechanism by which the thurme! flux is related
to the pressure wave {s of no mrtter; all that {s nec=ssary is to postulate the existence of
such a phenomenon.

Referring to Figure 6.44 and Region I, suppose the velocity of the Incident wave along
the ground (or that of & Mach shock), vi, lIs Initially greater than v4. This condition will

undoubtedly be satisfled at some weapon burst height, since vi = = at ground zero
(G = 0) and there is some time lag before an appreclable amount of thermal energy s

delivered to the medium oear ground zero. If vi > vd at G = 0, than the {ncident wave will
outrun the thermal disturbance until the arrival timas are equal; hence In Region I,
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v = v{. For the thuermal disturbance to catch up, vj must drop below vy at some range.
The existence of Reglon 11 depends on a4 subtle relationship between yield, helght-of-burst,
surface properties, and the mechanism of the generation of the thermal pressure wave.
For instance, If the height-of-burst is tuo high, vi may never become less than vy and a
taermal pressure weve would not be observed {n Region 11,

In Reglon 1] (Figure 5.44). vq > v{ (Incident or Mach stem velocity, as the case may
be) and v = vq- Also, in this region the'thermal pressure wave {s a shock wave; however,
the pressure-time records now show a precursor because the disturbance is traveling
faster than the horizontal component of the incident wave velocity. The precursor wave-
front angle or angles adjust themselves to maintain the proper geometrical rejationships
between local sonic and wave velocittes. The apparent discontinuity in the velocity
curve at the ringe separating Regions [ and I1 may be resolved by showing a hypothetical
arrival-time —distance plot over the same region. Figure 5.45 indicates how reasvnable
arrival-time data could result in very abrupt velocity variations.

Returning to Figure 5.44, it is apparent that in Regicn I ! the sonic velocity ahcad of
the wave is Increasing steedily as more heat is added to the medium. When v - C, the
wave spilla out in the usua! manner under these conditions. and the shock front degener-
ates into a compression wave. The toe of the comp.ession wave (near ground surface)
now propagates with sonic velocity (Region I11) until the compression wave inevitably
shocks up and v > C due to overpressure (Region [ V). The tabulation below summarizes

the four regions of interest:

Region Wave Forms Propagation Precursor
Velonity
I shock-type High (v>>Cy) No
11 shock-type High Yes
111 compression-type v = C, Yes
1v shock-type v ={(p) No

Now that the hypothesis has explained some of the details of the precursor velocity
picture, {t would be profitable to attempt to determine how the phenomena may scale,
{.e., to dete-mine if the aata from various tests fall into any consistent pattern or

system.

S.4.4 Precursor Arrival- Time and Velocity Characteristics. If arrival-time data
are vlotted versus slant range on logarithmic coordinates, 1s in Figures 5.46 and 5.47,
some details of behavior are revealed which are not apparent in Figure 5.1. The pre-
cursor arrival data were taken from Project 1.10 pressurc-time results and the NOL
photograplLy near the ground surface. Tbe (ncident wave ard ideal arrival curves were
constructed as previously explained. Evident in Figures 5.46 and 5.47 {s the fact that
the initial slope, corrervonding to the incident wave arrivals. is only slightly less than
5/2 whereas the precurscr data indicate a consistent 3/2 slope in the initial portions.
Although Teapot Shot 12 data are not su/ficient close to the point cf precursor formation
tc justfy extrapolation of arrival times in this direction, critical examination of other
precursor-forming shots, particularly Tumbler Shot 4, Upshot—Knothole Shot 10 and
Buster Snot Charlie, confirm the fact that initial 3/2 slope is indeed quite consistent.

The intersection of the precursor curves with the incident gives a good (ndication
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of the time (or ground range) at which the precursor forms over each of the surfaces
considered. In Figure 5..3, the curve corresponding to the water-iinc data exhibits the
same 3/2 slope as observed for the desert and asphalt data; however, the water curve
intersects the incident-wave curve latest (at about 710-foot griund range), and it seems
to begin to deviate from the 3/2 slope near 1,000-foot -ange. This result would indicate
that, although the effect was short-lived, & true precursor wave was formed over the
water line on Teapot Shot 12. The desert and asphalt curves appear to persist along a
3/2 slope out to about 1,500-foot raage.

Figure 5.47 shows only one Teapot Shot 6 curve (for asphalt) corresponding to the
region of precursor formation. This is explained by reference to the Shot € area layout
( Figure 2.1), which indicates that ground zero was located so that about 500 feet of
asphalt surface was interposed between the shot tower and the desert line. Thus, the
8hot 6 precursor formacdon picture may be considered only on the basis of an asphalt
surface. It is further indicated in Figure 5.47 that the differences in surface character-
{stics ( desert versus azphalt) become manifest over ground range diatances of the order
of 150 feet, e.g., the asphalt pad ends at 500 feet, and the first significant differences
in times of arrival are ohserved at about 650 feet. The reverse situaticn existed on
Teapot 8hots 1 and 9 where about 520 feet of nonasphalted area was interposed between
ground zero and the asphalt pad of the asphalt line. Initial precursor formation on these
lines followed desert bebhavior uatll the asphalt pad was engulfed. Since Shot 1 arrival-
time data indicate that a precursor did not form over the desert at this height of burst,

t . ¢ the asphalt-line precursor over-velocity {8 more suppressed than on Shot §, where a

o0 precursor did form over the interposed de.ert. These conclusions are consistent with

.....i the results described in Section 5.2.2 which dealt with the efiects of localized changes

.«vse»  in surface properties.

s The similarity of the arrival-time—sliant-range curves ( Figures 5.46 and 5.47)
suggests that a generalized relationship exists of the form:

o 3
e t = LKRTY f(K) (5 25)

Where: t = the arrival time (A-scaled)
eeee R = the slant range (A-scaled)
B = constant dependent on beight of burst and/or yield,
K = a surface constant whirh dependa on the surface characteristics, but
should not change with distance over the surface

The velocity of propagation in the horizonta! plane, {.e., the precursor velocity
(A-scaled), Is:

2
L —_— (5.26)
3¢ BKUf ¢ RS

Where: G = ground range
' = diffrentiation with respect to R.

Multiplying each side of E uation §5.26 by t from Equation 5.25, the const.uts B
and K are eiiminated:
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V. 16 2 f 2R
At 3(f +RfD 3

Where: J(R) = a new function of slant range.

Note the left side of Equation 5.27 is independent of scale factors. ‘
Figure 5.48 is a plot of the quantity VxtG/R! versus R for Teapot Shot 12; Figure

5.49 a plot for Upshot—-Knothole Shots 1 and 10. For these shots, definitive time-of-
arrival data are available from which accurate velocities could be determined. Refer-
ence to Figures 5.48 and 5.49 indicates that the points fall cluse to a singie curve, as
well predicted by the foregoing analysis. Decidedly different surface properties are
represented in the data of Figure 5.49; Teapot Shot 12 asphalt and desert data are in-
cluded, as well as data from a shot detonated over the Yucca Flat area (Upshot-
Knothole 8hot 1). The consistency of the velocity —distance pattern in these figures
{llustrates the validity of a turface-constant concept. I[n summary, it appears that
although the surface constants of the surfaces considered here are different, the differ-
ences do not seem large.

Since Project 1.10 pressure—~time data from Teapot Shot 6 are not sufficiently ex-
tensive for determination of the shock-velocity-versus-distance function, it i{s necessary
to look e'sewbere for time-of-arrival data. The NOL photographic data yield pre. ursor
arrival {imes over both the desert and asphalt surfaces of Shot 6. Ueing these data, a
best-0t arrivai-time curve is drawn through the points, and shack velocities are then
determined employ!ng the difference method ( Reference 14) previously described
(Bection 5.1.1). Figure 5.50 shows Shot 8 data plotted on the same coordinates as Fig-
ure 5.48; also included on the Shot 6 plot is the curve from Figure §.48. Even though
large apparent variations in instantaneous velocity result from reduction of the photo-
metric data, the general treands are consistent.

If the foregoing figures and analyses can be considared representative of what oc-
curs on a precursor-forming shot, it can be concluded that pressure—time meazure-
ments on Teapot 8hots 6 and 12 were ot obtained at close enough range to detect the
formation of the precursor wave. Based upon the formation hypothesis offered here,
it 1s expected that if gages were installed in the reqion of regular reflection. the gage
records would register Type 0 (classic ) wave forms followed by Types 1, 2, etc., as
the precursor forms and develops. It is believed that this behavior was observed on
the Tumblsr Bhot 4 close-in pressure—time results. The NOL gage ( Reference 25)
closest to ground zero (Station 7-200 at 230-iocot ground range ) on this precursor-
forming shot registered an arrival time and pressure—time h'story which inchcated
that tbs measursmant was obtained just prior to the formation of the precursor wave.
At the next gage stations ( Station 7-201, about 35 feet from Station 7-200), the record
was a deflnite [ype 1 wave form with the characteristic double peak.

5.5 MEASUREMENTS ON BEAM DEVICE

The beam devices, described in Section 2.5.2 were used for another project on
Upshot-Knothole and were included as part of the instrurnentation of Teapot 8hot 12 as
& convenience in connection with Project 1.10. They were designed to yield preliminary
{nformution on the behavior of structural beams when subjected to the eirblast loading.
The two beams were placed at nominal ground ranges of 2,000 und 2,500 feet on the
desert line, 80 as (o be in the region of nonclassical blast waves. In the following sec-
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Uoans, after a discussion of the background pertinent to these data, the beam results
will be analyzed.

5.5.1 Background and Definitivns. Fundamentally, so long as flow remains non-
rotational, an incompressible fluid moving past a submerged body will impart no
motion (1.e., force) to the body, for the resuitant of the pressure distribution over the
surface of any body in potential flow can never have a component in the direction »f
flow. Since the equations describing such motion (nvolve only those forces caused by
fluid pressure, the motion actually encountered in the case of immersed bodies is evi-
dently due elther directly or indirectly to the influeace of fluid viscosity.

For flow velocities significantly less than sonic. the actual force Imposed upon an
Immersed body will depend only upon the Reynolds number characterizing the flow and
upon the geometrical ‘orm and orientation uf the body. Dimensional analysis of the
several variables fnvclved will lead to the following expresaion for the resultant force:

ul 1 ?
F - 0(-—— form) L ru (5 28)
-
Where: u = velocity
L = length
n = kinematic viscosity
p = density

The basic drag relationship is generally written in the more convenient form:

1 1
O A
F oo o (R, form A ¢, = (5 29)
! 2 &
Where: A = the projected area of the body on & plane normal to the direction of
motion
The term Cg4 is a variable coefficient of drag:
2
c, - P (R . form) 'S 309
Aval

p ul

Where = the expression defining dynamic pressure.

The viacous action of flow may produce three essentially different types of drag
force. At very low Reynolds numbers, {nertial effects are secondary to those of viscous
streas, the latter then extending a great distance Into the surrounding flow; this is
known as deformation drag. At much higher Reynolds numbers the region in which ap-
preciable deformation occurs ls limited to a thin fluid layer surrounding the body, the
resulting abhear then producing what {s called surface drag. Finally, if the jorm of the
body is such that separation occurs, the low intensity of pressure in the wake leads to
a force on ths immersed body; since the magaitude of this force varies with the shape of
the body, it Is customarily termed form drag. Under higher-velocity flow conditions
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(f.e.. flow velocities approaching the velocity of sound In the medium ), the incompres-

sible flow approximations and use of Reynolds number for establishing dynamic similar-
ity are no longer valid. The two signific.unt dimensionless parameters for compressible
flow are the ratio of specific hcats and the Mach number M. At high velocitles, the drag
i{s primarily a function of Mach number, so that Equation 5.30 would read:

2

C ¢ (¥ Y, tlorm) th 3

4uu2

Only in the most elementary cases of deformation drag has {t been possible to determine
Cq analytically for certain basic body forms. Cases of motioa Involving separatica have
been attacked from various standpointa, but without much success. Quantitative study of
drag has, therefore.remained largely experimental. The magnitude of the force on a given
body form is usually determined experimentally as a function of Reynolds or Mach
number, either in the wind tunnel or the towing tank.
As far as the Project 1.10 beam device fleld exp.riment {8 cor.cerned, there is
practically no known previous experimental evidence with which to compare the data.
Tbe only wind-tunne! work done on H-beams has been ia connection with bridge-design
studies. For these purposes, the measurements of drag force are confined to maximum
wind pressure of about 5" ps{ and peak wind velocities of 100 miles per hour. For com-
. parison, the Project 1.10 beam at 2.590-foot ground range (9F3) experienced a maximum
. pressure of about 1,500 psf ( 10 psi) and peak wind velocities probably in excess of 500
e miles per hour. In addition, it {s undoubtedly true that an unknown portion of the pres-
e sure on the beam was dur primarily to the presence of particulate matter (e.g.. water
vapor, dust, etc. ) suspended {n the air stream. These considerations, therefore, lead
°, & to the rather convincing fact that the wind tunnel work on H-beams (8 not pertinent to
.. the problem at hand.
Furthermore, In an analytical sense. the possible presence of particulate matier
in the air stream introduces a fundamental anomaly, the significance of which has as
yet not been adequately explained. That Is, the reliability of Equations 5.30 and §.31 may
. be questiored. because {t {s l{kely that the determination of drag coefficient as a func-
tion ¢! Reynolds and/or Mach number is no longer valid when particulate matter is
: present. It is probable that ft would be necessary to introduce new variables to account
for particle size, particle density, and the aerodynamic properties of the suspended
particles. Such an effort, although pertinent to all the drag measurements of Teapot,

is beyond the scope of this report.

5.5.2 Beam-Device Results. The straln-gage records cbtained from the two-beam
devices are shown {n Figure 5.52.

Due to the method of fleld calibration of these devices. the coordinates »-pearing
on the flgure require some explanation. The calibration of the beam was pe..."med In
the fleld as follows. Flirst, the strain gage was mounted on the beam midway between
the end supports. Then. using a callbrated hydraulic jack, known loads were applied
near the center of the beam span. While these loads were being applied, the straln gage
response was noted and the calibration of the beam—gage system completed.

However, it is at once apparent that the method of load application for callibration
does not correspoad to the loading expected from airblast. For the latter case, the
load would necessarily be distributed mcre or less uniformly over the entire beam
length. Simple analysis reveals the relation:
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Where w = distributed load per unit length
P = the calibrating load ( applied ncar center of span)

L = the length of the beam span.

Applying the above relation to the results of Figure 5.51, it is possible to compute the
drag force per unit area; the right hand coordinate suown In the figure presents this
drag force calibration for the two-beam devices used. The nece 8sity for presentation
of two 7F3 records is caused by some confusion due to a base-line shift for thia record.
The two records represent the extremes of placement of the base line.
was terminated when the difference in reduced force exceeded 2 : 1.

TABLE 3¢ WATER LINE COMPUTED TEMPERATURLS FOR SHOT 12

Data reduction

Computation Meihods

Growd Arrival Height Egn. Eqn. Egn Fan Eqn Type Brot
Range Time $4 s $12 $A S . of value
SRI NOL SR1 SRl SRI Wave
. Data Data  Dats Dats  Dels
PR
. font sec loet 'C *‘C *C *C *C
cisess 1% 011 0 8,000 Shoch
a0 00
. 1.000 o172 [} I Shoch
1.3% ) 1.200 Trans < 1.200
tvessn
. 1.500 0 /a? ¢ 230 «- 270 4350 «- 27010 Trane 230- 850
3 -154 S0 Shoch
g 10 -1 3% Shoch
00a 1130 0 1.0%0 Shock
* 1.000 [ 1] [} —_— — 100 ——0C Shoch
3 3% 400 Shock b1
oo 10 33 100 Bhoch 38
e 3.1% 10 150 Shock
. 2.9 (X 1Y} ] 10 i3 50 1% 8hock 12
et ’ 20 340 Shock 20
cesa 10 23 0 Shock 28
) 10 230 Shnch 10
L1 p1} 2% 8d.ch 33
3.730 ] 230 Shoch
3,000 12¢8 [ -13 20 200 110 Shock 20
3 -23 110 Shuch

* indeter Minant computatiun —— due W angle larger

thaa #0° near groumd eurface

* Thg aacwsstve negetive tempersture due o angle
ot purloce bring amalier than aboveground wave from
angie. i o @ = 39°

1 Ko data avellabdie

Sloce the drag force per unit arva (versus time) is known and measurements near
the beams of q(pitot) dynamic pressure (versus time) are available, application of Eq-
uation 5.30 leads to determination of & drag coefficlent Cq as a function of time. These
results are presented in Flgure 5.52; it should be emphasized that smoothed q* ( pitot)
records were ved for the drag—coef:icient calculations. Referring to the figure,
several general characteristics are »vident:
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1. The computed drag coefficient for a single beam may vary markedly with time
(see TF3/7Q3 trace, Figure $.22).

2. The results at 2,000-toot ground range show a rather sharp initial rise of drag
coefficient, as opposed to tlie long, slow increase associated with tne 2,500-foot
measurement.

3. Although it 18 not possible to compare the computed coefficients at the two sta-
tions, at comoarable times the average (over the first 100 msec) drag coefficient
appears to be significantly larger for the beam at 2,500 feet.

4. The very sudden increase in coefflvient near 1.1 second on the 9F3/9Q2 record,
Figure 5.52, is the result of a sharp decreasc in \he q* (pitot) pressure at this time;
the strain-gage record ( Figure 5.51) indicates no corresponding c=crease in drag force
near 1.1 second.

Since the drag coefficients referred to above have been determined from combining
two separate measurements (1.e., drag force and q* (pitot) pressure and since no
information i{s available concerning the effects of particulate matter upon each meas-
urement, {t is not possible to explain or evaluate the observations included in Flgures
5.51 and 5.52. At present, these data represent an initial attempt to determine ex-
perimentally the drag force on an H-beam subjected to nonclassical airblast pressure
loading. It is probable that when the effects of disturbed blast waves and particulate
matter upon drag force and q(pitot) measurements become better known, the Project
1.10 beam data will be of more-significant value.
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Chapter 6
CONCLUSIONS and RECOMMENDATIONS

6.1 CONCLUSIONS

6.1.1 Instrumentation Performance. Fcr Teapot Project 1.10, full length records
were obtained on 96 percent of the gage channels (this was not true of previous shots
when measurements were made in the precursor region). This excellent performance
was largely the result of well-design¢d instrument towers and mounts. The towers
were entirely undamaged on both Shots 6 and 12, and damage to the mounts was limited
to the tearing off of the gage baffles on three gages. Such failures as occurred (4 per-
cent) were caused by electrical rather than mechanical damage.

The interpretation of the pitot-tube overpressure and dynamic pressure measure-
men's is hampered by lack of calibration data under shock-wave flow conditions and
also by inadequate knowledge of effect of particulate matter upon the mezsurement.
Corrections for pitch, yaw, and Mach number should be available for transonic and
supersonic flows. Don0s

From the available data obtained from the aboveground baffle-mounted overpressure
gages and nearby pitot-tube static pressure gages, it is apparent that the two gage con-
figurations are not equivalent in regions of high pressure and/or disturbed blast waves. s
in regions of supersonic flow, the above ground baffle-mounted gages are probably not ...
desirable. I

6.1.2 Wave-Form Classification. With a few exceptions (viz., the water line) it is
possible to group the Project 1.10 pressure—time results into two sets of wave-form Tees
classificstion: one system for overpressure (Types 0 through 8) and another for q*(pitot)
dynamic pressure measurements (Types B through H). As expected, wave-form be- e
havior as a function of ground range is sensitive to the characteristics of the Llast-line
surface. )
For Shot 12, the overpressure wave forms over the waier line at least partially teeeet
traverse two wave-form cycles, while the wave forms over the asphalt surface do not
attain classical form (Type 8) even at the last gage station (3,000 feet) on the blast line.
However, on the desert line the classical form is observed at 4,500 feet. Although the
non-classical behavior persists to longer ranges over the asphalt, the precursor as a
distinctly separate wave (Type 1) is observed at longer ranges over the desert. The
same general remarks bold for the dynamic-pressure q(pitot) wave-form classifications.

When the wave-form classification is incorporated into the presentation of peak-
pressvre-versus-ground range, it becomes evident that it is possible for an ideal
peak pre/eure measurement to be identified with a disturbed (non-ideal) wave form.
Consequently, {ntroducing both variables (wave form and peak pressure) into the anal-
ysis helps to reduce the ambiguities associated with comparing results from different
nuclear tests.

6.1.3 shock Velocity and Computed Preshock Temperature. Conwsidering the
borizontal-trace velocity of the shock front as determined from gage-arrival times over
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the varfous surfaces instrumented on Shots 6 und 12, the velocities over the asphalt and
desert surfaces are well abhove ideal, particularly at close-in (less than 1,500 feet)
ground ranges. Even over the water surface, shock velocities determined near 1,000-
foot ground range are well above ideal values.

From a comprehensive review of the various methods of computing preshock tem-
perature using shock parameters, it {8 evident that this computation is definitive only
when sufficient wave-front orientation and pressure—time data are aveilable. In any
case, carefu! analysls is neceasary in the calculation and naturally, the computed tem-
perature vields only some average value at the time of shock arrival. This {s a poor
substitute for the more desirable direct-temperature-versus-time (i.e., from detonaticn

time) measurement.

6.1.4 Surface Effects. The limited wave-front orientation data which could be de-
rived from the Shot 12 results indicate that deviations of airblast phenomena from ideal
over the asphalt surface persisted to greater ground range when compared with results
over the deaert and water suriaces. [n general, the wave-front orientations determined
from arrival-time data agree very well with the NOL shock photography data.

To summarize, the peak overpressures measured on Shots 6 and 12 were depreased
most severely over the asphalt surface and least over the water; in addition, aboveground
maximum pressures were generally higher than those measured at ground surface, a
result also observed on Shot 10 of Upshot—Knothole.

The Project 1.10 dynamic-pressure q(pitot) results indicate a severe attenustion of
peak pressure with distance for all surfaces. Also, the influence of surface character-
{stics appears least pronounced at the closest gage station (750 feet) on Shot 12.

From the Shot 12 results obtained on the BRL guge arc (2,500 feet), abrupt localized
changes in the characteristics of a surface over which a disturbed blast wave is travel-
ing may have significani effects upon peak pressure and/or wave form in the near vicin-
ity of the surf{ace discontinuity. Data from the offset gages on the water line reveal that
precursor characteristics observed on the close-in water-line gage records are not due
to cross-feed of energy from the desert surface.

6.1.5 Precursor Phenomena. When compared with the results from previous pre-
cursor-forming nuclear shots, Shots 6 and 12 display similar behavior: nonclassic wave
forme, depressed peak overpressure above 7-8 psi, and close-in dynamic q(pitot) peak
pressures which are several times idesl.

Consideration of the Shot 12 water-line wave-form development, shock velocities,
measured pressure-time data, and offset-gage data shows that a precursor formed over
the water evidently shortly before the pressure wave reached the first gage (750 feet)
and continued to evolve normally out to about 1,500 0ot ground range. Gage records at
subsequent ground ranges indicate what appears to be a complex competition between
normal precursor behavior on the one hand and energy feed-in from the adjacent desert
areas on the other.

Basically, the precursor wave over the asphalt line was not much different from
that over the desert—the ouly distinction being that the disturbance appeared more ex-
tenced over the asphalt.

Analysis of the results of Shots 6 and 12, coupled with the related theoretical ap-
proach by Chu, has creeted renew.d interest in the concept of a shock wave produced by
high-flux thermal input. Some confldence in the concept is generated by thy success of
a semi-empirical analysis of data obtained from precursor-forming nuclear explosions.

Using the Project 1.10 data and some curve-fitting procedures, it is possible to
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compute the surface constants which apply to the desert and asphalt surfaces. The Shot

6 (T-7 area, Yucca Flat) and Shot 12 (Frenchman Flat) desert-surface constants deviate
by only 3 percent, and the asphalt-surface consiants diff~rr, at most, by 12 perceant from
that of the desert.

6.1.8 Correlation with Damage. Analysis of the forces acting on the two H-beam
devices instrumented on Shot 12 yfelds only very tentative conclusions. Although it was
possible, using the q*(pitot)-time results, to determine the computr.d drag coefficient
versua-time for the two beams, there is no pertinent theoretical or experimental
data for such devices with which to compare the field recults. Also, it is believed
that the presence of particulate matter in the blast wave has a profound (but unknown)
effect upon the drag (and drag coefficient) of such structural elements.

6.2 RECOMMENDATIONS

There appears ‘o be a need for a change in the procedure used for measi=ing dynamic

pressure, particularly in stream flows exceeding Mach 1.0. Impact pressure (total
head) should be measured using a carefully designed supersonic tube, whereas the cor-
responding overpressure measurement should be obta! >d from a separate ground-level
gage. In fact, there is need for a comprehensive investigation of instrumentation to
determine what {s most useful for measuring airblast parameters in regions of high
pressure and high flow velocities. Also, future inatrument design must consider effects
of suspended particulate matter upon thr, measurement.

The scheme of wave-form classification and the idea of including considerations of
wave-form information in the analysis of peak pressures should be retsined and extended
to other blast parameters. It i{s believed that more useful and understandahle presenta-
tions would result from this method of analysis.

To conflrm tke conclusion about the {nfluence of lo aalized surface discontinuities
upon blast parameters (Section 6.1.4), future nuclear tests should include careful and
detalled measurements over areas which include such surface discontinuities.

Since there is some evidence that Shot 12 was not {ustrumented closely enough to
ground zero to detect precursor formation, {t would pe wise in future tests to obtain at
least time-of-arrival measurements at cioser stations.

On future tests, in addition to the conventional pressure—time measurements some
close-in measurements should be made which are specifically designed to detect and de-
lineate the thermal shock wavo, {f it exists.

It {s evident that more work, both in theory and laboratory testing, is needed in the
field of airblast drag forces on structural elements before available (or future) feld re-
sults can be made understandable.
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Appendix A
ACCELERATION RESPCNSE OF WIANCKO
PRESSURE GAGES

It has been yenerally ssaumed that the Wiancko balanced - reluctance pressure gage has a negligible re-
sponse to acceleration forces because of the two-coll, rocking—armatul « desiga. Figure A.l shows that
acceleration forces tend to more the armature similarly with respect to both coils, whereas pressure
applied to the anensing element moves it in opposite direction from each onil. Thus, scceleration forces
tend to maintain the balanced conditions, producing no electrical output. Measurementa of this accelera-
tlon response show maximum responses of the order of 0.0005 pai/g for a 30-psi gage (0.0016 percent FS/
G); 8andia Corporation tests show similar results (Reference 8).

The sbove measurements do not necessarily indicate the true performance. A change in the geometry
of the transducer may produce no unbalance while the gage is balanced, but may sericusly affect its re-
spoase. in this case, to pressure. A force which moves the armature away from the colls, for Instance,
may drastically affect its sensitivity. Thus, If tranaient accelerations are applied whilo a ateady pressure
{s simultaneously applied, & pronounced acceleration may result.

Tests were mads on a smsll pumbor of Wiancko pressure gages to determine their accelerstion sensi-
tivity under load. Each gage was provided with a check valve at its inlet, so that pressure could be applied
and maintained after removal of the hose connection. The gages were mounted on a Schasvitz spin table
in several orientations, with slip-ring connections 0 a normal demodulation circuit. The ¢ ffect of spin-
table speed (radial acceleration) up to 90 g was then observed. Figure A.2 shows the resuits on a typical
30-pei gage.

In this figure, the percentage error ( f the resding, not of fuli scale) caused by various values of
acceleration when the gage is deflected to one-third, two-thirds, and full range is shown for various ori-
entations of the acceleration force. These results are typical of all gage ranges, but there s a con-
siderable variation between gages. Higher-range gages (100 and 300 psi) show much smaller errors
(28 10 30 perceat as great), and 10-pai y'ages show slightly larger errors.

Note that transverse acceleration in the tangential direction tends to cause comparable errors to ac-
oslerstion in the opening—-closirg direction — a somewhat unexpected result. It will be observed that pro-
portioaal error is generally greater when the pressure is less than full scale, but is by no means coastant
in terms of full-scals reading. At zero pressure, no measurable deflection was ocbserved up Lo 90 g excepl
for longitudinal acceleration, where 80 g produced a deflection equivalent to about 0.04 psi.

The results of these tests Intimate that some of the hash observed In pressure - time measurements
after shock wave arrival may be caused by acceleration of the mounts.

In general, there is no way to check this possibllity, but one approach appears profitable. In the pitot-
tubs gage, two Wiancko pressure iransducers are mounied a few inches apart. These gages are mounted
simuarly with regard to transverse accelerations. Anv response (o trsnsverse or vertical acceleration of
the mount sbould be Lo the same direction on the two gages. A check of the records may then ghow rela-
tively high-frequency disturbances which if due (o acceleration shoild be in phase on the iwo records. No
such resuits bave bees cbeerved (see Bection 2.5.5), which indicates that the high-frequeacy hash fs prob-
abl; oot due to the acceleration of the gage mounts.
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Figure A.l Schematic diagram of Wiascko pressure trassducer system.
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Appendix B
GAGE RECORDS

Reductions of tracings of the significant portion of all ussble gage records comprise thig Appendix.
Features such as lengths of positive phase and secondary shock do not appear (n these reductions. These
aspects of the pressure —time functions. where pertinert, sre documented in the lables.

The records are arranged first by shot (Shot 12 precedes Shot 6), then by blast line (water, desert,
asphalt), then by ground range for each vertica; level (surfsce level first). Auxillary records (offset gages,
etc.) are Introduced into the main sequence following the primarv gage record.

Esch record is provided with suitable time and pressure coordinates. The time indicated refers o
zero time of the shot. The dotled curves document the manner In which the records were smoothed before

corrections for pitch and, or Mach number were applicd
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Appendix C

GAGE CALIBRATION DATA

TABLE C.1 BHOT 6 PRESSURE GAQES

Qround Gage Calibration (psi/Ln) Ground Gage Calibration (psi/in)
Range  Number ax + bx! Range  Number ax + bx?
fn A L ft A B
Desert
1,300 1B 802 0 3,000 s3B 8.81 0
S1BA 17.81 -0.13 63BA §.18 -0.08
€1P10 .48 0.11 ¢3P10 5.27 0
61P10A .80 0 $3P10A 4.38 0
61Q10 29.29 1.9 Q10 3.43 0.30
¢1Q10A 16.17 0.08 3Q10A 3.33 0.24
61710 9.7¢ 0.14 43710 +13.07 0
C1YI10A 18.41 -0.38 63Y10A +11.48 0
1.680 628 412 0
$2BA 4.03 -=0.07
¢2P10 .83 0.08
GIP10A 5.94 0
¢3Q10 14.72 -0.39
63Q10A .03 -0.11
1710 +13.17 0
€IY10A + 14.14 0
Asphalt
1,300 4B 8.23 0 2,000 (1) ] (K 0
C4BA .37 0 $3BA 458 0
64P10 .42 0.07 e8P10 a1 0
$4P10A 5.31 0 SSP10A 8.18 0.07
4Q1l0 21.87 0.19 68Q10 4.09 0.09
$4Q10A 15.06 0.18 S6Q10A 1.97 0
44710 +11.37 0 esY10 +9.00 0
€4Y10A +11.33 0 Y10A +16.68 0
1,680 B .34 0.08
CSBA 4.40 0.07
®P10 4.30 0.07
SPI0A §.66 0.13
Q10 sq [}
$8Q10A 5.23 0
Y10 +13123 0
$8Y10A +9.9¢ L]
189
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TABLE C.3 SHOT 12 PRESSURE QAGILS

Ground Gage Calibration (psi/in) Ground Qage Calibration (pei/in)
Range  Number az * bx! Range  Number ax ¢ bx?
n A B n A B
Desert
10 1B 138.1 14 3600 9B .08 0.1
1BA 9.1 1.1 P 5.2¢ 0
1,000 2B s -08 Q3 ux 0
1A we -1 834 ot 9
»R10 5.39 °
1280 3PS 18.13 0.23 P10 9 0.03
PaA 20.68 0 Q10 5.9¢ 0.48
Q3 128.9 0 )10A 3] 0.51
QM 1.0 1.1 »P28 o 0.29
1800 o3 1298 -0 b 100 0-28
sP3 1.31 0.18 RESG S 2
IPW0A 5.37 0
Q3 ny -8 e s oss
(P37 3. 0 g :
8310 11.87  -0.10 2180 1193 s.a2 0
' $P10 12.33  -0.18 11P3A e.03 0
Q10 18.0 0 11Q3 1.38 0.08
$QI0A u.1 ° 11Q3A 3.98 0.1
1760 8P10 .94 ° 3.000 118 o -0.28
$P10A v 0 12P3 e 0
Qic ey 198 13Q3 1.76 0.18
6Q10A 18.04 0.38 13Q3A 0.931 0.034
2000 1B %) 0.88 :z:: :':: ':':‘:
73 .13 0.40 : :
3 1688 -G8 3500 188 ot 0
Q2 12.97 0 18P10 .18 0.11
810 s00 -018 18Q10 1.08 0
P10 811 0.16 15Q10A 0.619  -0.000
::L :::; :‘” 4000  16P10 3 -0.13
16Q10 1.09 0.0
2280 :;::A ::: :‘“ 500 113 311 0.08
™10 15.14 0.28 1Py 8 o
s 16 n 17G3 0.6 °
19Q3A T3] 0
1800  4BX 1301 -0.11
ay 151 ~0.3
Water
me uB TTS Y 156 198 1113 o1
2BA e -1 19BA 231 -0.19
1000 113 my  -13 ::: ::: o
1134 “ws -1 o b :
130 132 2%.1 1.3 B0 1088  -0.31
13P3A ne  -34 29P10 .68 -0.33
13Q3 .6 49 mwQlo 1.4 0.04
23Q3A e 0 Q104 01 0.31
P 10.11 0.3¢
Q18 368 0.03
QA 301 -0.03
BPe %) 0
1Pe0A .o 0.08
219Q40 3.09 0
I9Q40A 110 -0.04

190




TABLE C.2 CONTINUED

Ground Gege Calibration tpsi/1a} Ground Gage Calibration (pst/in)
Range  Number ax « bx? Range  Number ax » bx?
f A B ft A B
1,500 25B 41.08 0 2,780 31P3 452 017
25BA 39.94 -0.08 31P3A 1.98 0.1
25P3 32.18 -1.08 3109 s.08 0.7
25Q3 43.90 ~0.44 31Q3A 1.3t 0.2?
S a1.2¢ =~0.29 3,000 2B 1.83 0.3
25810 20.01 0.07 :
328A .00 0.28
25B10A 33.40 067
32P3 5.12 0.14
25P10 4.3 -2.44
32Qs 2.04 0.16
25Q10 29.94 -0.19 oy ors 0,28
25Q10A 18.08 -0.11 ] )
e T B A 1,500 23P3X 3382 -1.77
25Qax n 0.48
26P10A 26.63 0
25QIXA 2¢.41 0
26Q10 14.30 0.33
26Q10A o i 25P3Y 2508 -0.80
’ ' 25QIY 3319 1.63
2,000 2B 13.04 1] 25Q3YA 20.65 -0.14
2184 1148 -0 2800  29P3X ‘4 -onm
21P3 18.20 ~0.48
29Q3X 342 0.08
21Q3 $.7 0.09
29QIXA 311 0.07
21Q3A 600 0.31
29P3Y 909 -0.18
21B10 19.170 -0.98
29Q3Y (7} 0.32
27B10A 17.11 -0.74 GTE el T
21P10 10.28 -0.80 e ' :
21Q10 11.01 1.12
21Q10A ..80 0.44
2,280 28P10 11.3 0
28P10A 11.08 - 10 300008
20Q10 8.43 v.2? i
20Q10A 3.29 0.09 ceccee
Asphalt
150 as 109.3 (} 2,380 “Pro e.0 o.nl
41BA 121.0 ) 48P10A (%} °
1,000 1B “s .1 ““g::A ::: :‘:
42BA 2.6 0.7 ) : v e
1,380 T e i 2.800 1Y ) 299 -0.00 55
owPI 11.98 0
43P3A 4.3 -0.08 .
Q3 3.50 0.08
Q3 110.8 0
43QA 2.2 0 91 ) CHl
Ty 132¢  -0.90 e
1.850 Ty 13.20 1.13 #P10 597 0.38
48P 10.19 1.00 49Q10 333 0.14 ..
“Qs 1882 -2 49Q10A w0 0.11
“Q3A 0l 1.13 11y 2% ¢ -0
443810 14.18 -0.48 Q2 (X" 0.20
P10 13.58 0.14 QA 2.90 0
“Qt0 8.27 0.98 ] 5.1 0.20
4QI0A 15.99 ~0.2¢ OPOOA 1.9 0.30
1190 P10 123 ) e ;:; :
“PI0A 10.38 e RREOA
Q10 .28 1.82 2,130 S1P3 “” 0.18
«“QlcA 11.9¢ 0 SIP3A 631 0.20
2000 413 251 -0.34 ::Q:‘ ::; °'::
a3 18 -o0a L o
Qs 21.70 -0.59 3,000 828 5.00 0.51
4Q3A 10.08 -0.18 $2P3 554 0
47810 1.48 0 Q3 1.09 0.04
471P10 1.08 0 $3Q3A 1.91 0.13
41Q10 1.9 ~0.20
41Q10A 8.10 -0.18
11
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TABLE C.3 BHOT 12 STRAIN GAGES (H-BIAM)

Ground Range Gage Number Calibration
A B
[ Ib-force/in!/in  lb-force/in}/in
2,000 s 38.40 -1.68
2,000 TPIA 17.08 -0.98
2,800 ors 20.59 -3.28
3.800 9F3A 19.69 -1.80




