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ABSTRACT

Sroject 1.1d of Cperation UPSEOT-ICIUTHOLE measured dynamic pres-
sures in the shock vave and preshock pressures. It also conducted &
feas'!bility study of new and mod:fied gages to measure dynsmic pres-
sure, density, tempersture, and particle velocity.

Measured dynamic pressures can be compared wvith those calculated
from the measured overpressures using the Rankine-Bugoniot 3hock rela-
tions and regular reflection theory. When no precursor ia formed,
neasured dynamic pressures are in reasonable agreement vith tivse cal-
cuiated although scme elTects of thermal and mechanical interaction are
noted., Dycamic pressures measured in the precursor are much higher
than those calculated. lLaboratory tests bave indicated that the cnd
mmntuﬂeddourecpcndwdmtuvcuntosu, ‘:fc
tity measured by these gages is apparently (4 o u?) + (PU)qust
vhen dust is present in the shock vave, as i3 trus ﬁrth- precurior.

Miasurements have showvn a fev instances of real but small pre-
shorx increases in air pressure, all apparently caussd bty thermal
rediation alone.

Results of the gage feasibility study indicate that the q-tube
(2Qynamic pressure) and the centripetal density gage are suitable far
use on full-scale nuclear tests. Both the modifizd soniec vind and
scund speed indicator and the vhistle temperature gage must te sub-
Jected to further modification before they are suitable for field use.
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FOREWORD

This report is on: of the reports presenting the results of the
78 projects participating in the Military Effects Tests Progrsa of
Operation UPSHOT-KIOTIOLE, vhich included 11 test detonations. For
readers interzsted in other pertinent test information, refererce is
made to WI-782, Suma-y Report of the Techbnical Director, Military
Effects Progran. & suemary report includes inlTorma-
tion of possible gemeral interest.

b.

Ce

d.

NCLASS

An over-all description of each detonation, including
yield, bheight of burst, ground zero location, time of
detonation, wmmbient atmospheric conditions at detona-
tion, ete., for the 11 shots.

Caxpilation and correlation of all project recsults on
the basic mcasuremsnts of blast and ahock, thermal
radiation, and nuclear radiation.

Coapilation and correlation of ths various project
results on weapons effects.

A summary of each project, including odjectives and
results.

A camplete listing of all reparts covering the Military
Effects Tests Progrem.
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SECRET

COAPTER 1

DYNAMIC PRESSURE

1.1 CBJICTIVE

This phase of Project l.1d of Operation UPSHOT-KNOTHOLE was de-
signed to measure experimentally, near ground level, the dynamic pres-
sures associated with blast waves fram nuclear explosiona. At the re-
quest of the conducting agencies special measurements of dynamic pres-
sure vere also made in conjunction wita studies of the effects of blast
cn bridge structures (Project 3.4) and tree stands (Project 3.13).

Past practice in formulating blast damsge criteria has been to as-
sociate damage to targets with a specific overpresaure level.l/ It
must be recognized, however, that damage to wvind-sensitive targets suca
as tovers, bridges, and trees is almost eatirely a function of dynamic
pressure level and that dynam!c pressure may also play a significant
role in damage to targets normally tbhought of as overpressure-sensi-
tive. The validity of using overpressure alone as a damage criterion,
especially for wind-sensitive targets, depends upon the existcnce of a
unique relsation between overpressure and dynamic pressure in the region
of interest. For a single shock wvave the Rankine-Hugoniot shock rela-
tions2/ shov that a unique relation does exist. For shock waves re-
flected from plane surfaces this relation is no longer cue between
overpressure and dynamic pressure alone, but is also a function uf the
angle of incidence of the shock wvave,

1.2 THECRY AND BACKGROUND

l.2.1 Theory

The Rankine-Rugoniot shock relations permit us to write, for
shocks in air,

2
2 AP (1.1)
q - &pu "] 2.5 7'?0—-i—§)_-

vhere q is dynamic pressure, ® i{s air density, u is air velocity, P 1a
ambient pressure, and AP is overpressure. Either of two basic uuﬁp-
tions regarding the behavior of a shock wvave may be used to deri{ve the
conservation eqm’-iqrﬂtfnl_, aomentua, and epergy vhich are used to
2 ‘.‘.- A LN I -
l" 1~ .

A TN
wE |




Jdortve the Rankine-lugoniot shoch relations. Courant and Pricd.richag/
lave based their derivation on the assumption that the shock front {s a
mathematical discontinuity, while Penney and Pikel/ have assumed that
atealy-state rlow odbtaing within the shock vave, Thus we may consider
tae Rankine-Hugoniol relations as valid for steady-state flov even
toough the shock front has a finite thickness., Another method of
treating the problem for shock waves having rourded fronts is to con-
sider them as compressive waves, ie, cases of isentropic flow.
Clandraack j has shown that even vhen AP/P_ is as large as 1.5, the
particle velocity calculated using the 1uentr8p1c equations is only
1.4 per cent lces than that calculated from the shock relations, vhile
the density is only 3.8 per cent less. It would therefcre be axpected
*.at the Rankire-Hugoniot relation and Eq l.1 wouid be & good approxi-
zation when applied to the peak valucs even though the shock had a
rounded wvaveforna,

Since the shock wave in the region of Mach reflsction is a single
shock vave, Bq 1.1 would bte expccted to apply. In the region of ree
Jular reflection, on the other hand, this equation must be modified to
take into account the effect of cngle of incidence of the shock vave
with the reflscting ground surface, The theory of regular reflece
tion 539/ imposes upon the Rankire-Rugoniot relations the boundary con-
ditions that the camponents of particle velocity normal to the reflect-
ing plane are aqual and opposite for the incident and reflected shock
waves and that the {ntersection of the tvo wvaves stays oo the growund.
Thus the strength of the incident vave®, ( = P_/P, = po/(p + &P), amd
the angle, G, between the incident shock front’and the®reffecting plane
are swfficient to cetermine the angle of reflection, &', and the
strength of the reflected shock wvave, {' = P./P.. Polachek and Seeger
present graphs (their Figs. 4.b and 5.b) of &' &nd (' as functicns of
g and { « The dynamic preasure in this instance is

qa=30' (u stna' + uetn a). (1.2)

When we insert {nto this equation the relations for the dependence of
denoity and velocity on the two shock strengths,

5 1+ 6
Q-SPO[(L-E) J(”l«o;)EL‘+6)"“°

+-—£—'-'-l—uln a']2 . (1.3)

V(Z(' obs

*
{ ss defined here and used -~ Eq 1.3 1s that used by Folachek and
Seeger, and is the reciproial of that used elgevhere in this report.




Thia r ~  on and Figs. 4.b and 5.b of Polachek and Seeger provide
a straightf . d means of calculating q in the region of regular rec-
flection. Experimentally measured q's may then te compared with q's
calculated fram the measured incident overpressures and from the angles
of inciderce camputed fram the relative positions of the burst point
and the gage. Such a camparison will be not simply a check on the
validity of the Rankine=-Rugoniot relations but will be indicative of
the combined effects upon the reflection process of such factors as
thermal gradients, dust, nonrigidity o the reflecting surface, and the
characteristic decaying nature of the shock wave itself.

Theoretical values for various parameters of the shock front can
be camputed from the Rankine-Hugoniot shock relatfons; conditions at
the skock front may then be used as initial conditions to calculate
these parameters for the portion of the wave bueaind the front from the
equations for isentropic flow. FPorzell/ has given these t.eoretical
valuea of overpressure, dyramic pressure, particle velocity, and den-
sity, both at the shock fron. and behind it, for the expansion of a
blast wave into free air, that is, into a hamogeneous ataosphere con-
taining no perturding influences. Because of the camplicated interac-
tions inherent in the reflection proceas, theoretiral values for tlese
rarameters have not been calculated throughout the shock wave {n *he
regions of reguw.ar and Mach reflection. All experimental measurements
presented here were made near the ground and therefore in the regions
of regular or Mach reflection. Consequently any camparison of measur-.d
and theoretical dynamic pressures must be limitad to peak values.

Forzel also presents thearetical beight-of-burst charts for over-
pressures and dynamic pressures at the shock front; tha* for dynamic
pressure is presented as Fig. l.1. The horizontal casponent of dynamic
pressure, after reflection in the regular reflection region, is given
here. We can see fram this figure that regular reflection leads to re-
duction of dynamic pressures a" smmall ground distances fram ground zero
for airbursts; therefore choosing a height of burst to maximize the
radius of a given dynamic pressure level vill result in an inner cirscle
in vhich dynamic pressures are smaller than desired. This circle may,
in fact, be quite large.

Formation of a precursar shock wvave can nave a decided influence
on dynamic pressures in doth the re and Mach reflection regions.
While there 1s general agreement$;9;10/ regarding the phencmencn lead-
ing to precursor formation, ie, a heated leyer of air near the earth's
surface, the theoretical deascription of its effect on dynamic pressure
is incamplete. In his digcussion of the dynamic pressure bheight-of-
burst chart Porzel asserts that “Thoaretical considsrations indicate
that to a fair appraoximation, the height-of-burst curves for dynamic
pressures are applicable to all types of surfaces”. A thecretical and
experimental investigation of the problem bty J. R. Banister and the
suthor (App D, E) has shovn that measured dynamic pressures are af-
fected iy the presence of large quantities of suspended dust.

1.2.2 Iarlier Experizental Measurements

Dynsmic pressure meesurements on Operation mm-amrm&/
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and IVY12/ using the pitot-static gage (Section 1.3) gave '+ valid ex-
perimental values covering an overpressure range cf 1-20 psi. When
these neasured dynamic pressures wvere compared with tlose calculated
fronm the corresponding measured overpressures, no systematic trend of
differences as a function of overpressure cculd be found; 9 were
greater and 5 smaller than those calculated fram the overpressures, de-
viations ranging from -2 to +35 per cent. The algebraic mean devia-
tion wvas +3 per cent, and the RMS deviation 17 per cent. This alge-
braic nmean deviation 18 not significant because of the small number of
values and the wide spread in deviations. The logarithmic derivative
of 2q 1.1,

AP dap
%‘[2 "7?0"'+'AP] =’ (2.4)

shows that the freactional error in q approaches twice the fractional
error in AP as AP approaches zero. For AP/P_ = 1, dq/q = 1.875 dAP/AP,
and errors of 10 per cent iy AP correspond errors of the order of 20
per cent in q.

1.3 XISTRUMENTATION

l.3.1 The Pitot-Static Gage

Tiis gage (Fig. 1.2) vas selected as the instrument for dynamic
pressure measurements on the basis of feasidility tests conducted
during Operation TUMBLER-SNAPPER. Essentially it is a doubla-erded
pitot-static tube on a mounting stem. It contains a fiunt and a rear
differential gage, each connected between a pitot opening at the end of
the tube and a static pressure opening on the side of the tute six
inches from the ond. ldeally, for flov along the axis of the pitot
tube, the differential gage responds to the difference in pressure,

qc-Pt-P.-q(l+0.25)‘2+0.@5)(u¢...)

vhere Pt = total or stagnation nressure
P‘ = free-stream static pressure
M = local Mach number of flov = velocity of air divided by local
speed of sound.

For tiis series of measurements only the front differential gage vas
used, and o0 attempt vas made to measure dynamic pressures in the neg-
ative phase, A gage vhich reads static pressure alone is also counected
to the static pressure orifices.

Actual pressures at the total and static pressure inlets arc ds-
pendent upon the angle betvzen the direction of flow and the axis of
the tude as vell as upcn the Mach oumber of the air flov in more vays
than the above formula suggests. um»gn_ the pitot-etatic gage had
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been calibrated in previous wind-tunnel tests ,Q/ it was recalibrated
under more rcalistic conditions -- a larger range of Mach number and
of' yawv and pitch arglese Yaw angle (y) is defined herc as the angle in
the plane normal to tie mounting stem between the wind dircction and
axis of the pitot-static tube (i'ig. 1l.2); pitch angle (1) is the cor-
responding angle {n the piane o th: mounting stem and the pitot-static
tube (Fig. l.4). The relations betwcen actual measured differential
pressure, Q,, aad as wvcll as between neasured atatic pressure, Pp.
and free-stream static pressure, Py, are presented in Figs. 1.3, 1.k,
and 1.5 as functions of \,i , and Mach mumber. Calibration covered y's
ranging fram -30° %o +30°,0 's ranging fraa -45° to +45°, and Mach num-
bers of 0.1 to 0.9. Asymetry of the resulting curves is largely
traceable to the design of the static-pressure orifices, which can be
improved by redesign. Calibration is accurate to within 1 per ceat.

1.3.2 Yawmeters

Yamteral_-v vere used to determine ¢. direction of the blast
vinds, In this yavmeter pressure orifices at the end points of two
orthogonal redii of a sphere are connected to a differcntial pressure
gage vhose record is calibrated to provide a measure of wvind direction.

l.3.3 Towver Accelerameters

Wiancko ucelemuul_"/ wvere used to measure radial accelers-
tion of the towers to vhich the gages wvere mounted so that the behavior
of the gages cculd be evaluated. The accelerameters vere placed at the
10-ft lsvel in regions vhere overpressures vere expected to be high.

l.3.4 The Recording System

To record the data, electrical signals fram the gages wvere fed
through individual information cables to a Consolidated Recording
Systez D in an underground skelter; the Coasolidated galvanameter re-
ccxders were backed up in parsllel by Ampex magnetic tape recorders
(Model S-3128). A detailed description of this recording cystem is
p.esented the Sandia Corporation operaticoal repart oa UPSROT-
Y:IOTHOLE. 2

1.4 XPSRIMENTAL DESICH

1.4.1 Gage Coding System

The coding system used to identify gages at various locatioas
vas similar to that used Yy other agencies. The first twvo digits de-
signated the station mmber, the letter or letters ths type of gage
(App A), and the last one or two digits the height above grownd. For
example, O8FS vas the front differential element of the pitot-etatic
gage at Station P-208, vhich vas mounted 8 feet adbove ground.
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1.4.,2 Stot 1

Shot 1 vas a tover burst (300 ft) of a 16.2-KT veapon. Since in
this serics of measurements there wvas particular interest in measwing
Jynanic preesures at higher overpressure levels than oa previous opera-
tions, pitot-stati: gages vere installed at predicted overpressure
levels of L0 and 2% psi (Stations 3-234 and 3-26%)(Fig. l.c) to deter-
ainc the maximim overpressures that couwld be withstood by the instru-
ment, Resultirg data could, oY course, be compared vith those obtained
“rom later measuremente on Shots 9 and 10.

rig. 1.6 — Pitot-8tatic Cege Moumted ca 10-Ft
Tover at Station 3-250 on Rhot 1

A tover accelercmeter wes . -unted at Station }-28k to measure
redial acceleration of tte tower ¢  ths predicted overpressure level of
ko ”1. *
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A third pitot-static gage vas installed at the 10-psi overpressure
level (Station 3-289) on this shot so that data recorded by it could be
correlated with those from a group of experimental gages being svalu-
ated under another phasc of this project (Ch 3).

1.k.3 Shot 9

Shot 9 vas an airdurst having ap intended yield of 30 KT and &
beight of burst (2420 ft) scaled fram that for TUMBLER Shot 1. Since
0o precursor vas expected to form, it vas anticipated that measuremezts
made on this shot would serve as an experimental check on Eqs 1.1 and
1.3 under the conditions of idesal shock vaves.

The layout of the blast line is illustruted in FMg. 1.7, and per-
tinent details of the instrumentation are presented {a Tables 1.3 and
1.4, Except for that at ‘ntended ground tero, vhich vas mounted to
measure vertical flov (Fig. 1.8), all pitot-static gages vere mounted
to respond t0 horitontal flow. At stations al the aain dlast line
the gages vere mounted at elevations of 10 feet (Fig. 1.9).

At the request of Project 3.4 (btridge structures) pitot-static
gages vere also placed at the 25- and L0-ft levels at Station P-200 to
j<ovide measurements of dynamic precsurw as a function of height above
ground, And at the requast of Project 3.19 gages vere ins at the
10- and 35-ft levals at Station F-285 on the blast line and at P cor-
responding ground range at the 10-, 35-, and 60-ft levels (Statioca
F-285) in the tree stand (Pig. 1.10).

Yawvaeters installed on tliis shot vere mounted to measire the ver-
tical componsnt of wind direction in the region of regular reflection
to verify the assuaption that fiov dehind the reflocted shock wave ac- .
tually vas horisontal. Pertinent datails of their positions are given
in Tadle 1.8.

Accelercmetsrs vere inrtalled at Station F-280 oo the goal post
and at Statios F-216 oo the 50-ft tuwer to determine /hether accelers-
tions vere large enough to affect the pressure gages significantly.

1.4.4 8Shot 10

The intended yield (15 XT) and deight of Lurst (500 ft) for tiis
shot vere such that a precursor vas expected to form. Rxcept for
several minar changes the layout vas essertially the sxae as for
Shot 9 (Tadles 1.5 and 1.6). Btatica F-214 at ground sero vas removed,
and an additicoal pitot-etatic gage was mountsd at the O-ft level at
Station 7-217. Station P-286 in the tree sta>d wvas instrumented with a
q-tude (Ch 3}) for this shot, it being felt 'y this time that this in-
strument vould bde more accurate for recording the lov Qynamic pressures
anticipated Rere.

Iswvmsters for this sdot (Table 1.8) vere oriented to msesure the
angle in the hariszontal plane betveen tra direction of the shock winds

and the bBlast line to determine vhethar cives flovw in ths precursor was *
significant.

Both the tower accelarameters (Thdle 1.9) used to messure redial
accalaration on 8ot 9 vere resctiva’ed for Shot 10. .
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FMg. 1.8 -= Pitot-Btatic Oage at
Station P-214 (intended ground
zero), Nounted to Measure Vertical
Mov

[NPLASSIFIED

Hg. 1.9 -= Pitot-Static Gage at the
10-ft lLevel at Station P-280. Also
Showvn are the Yavmeter (top) and the
Resistance Tempersture Gage (bottom)




Fig. 1.10 -« Preshot View (locking toward intended
ground zero) of Pitot-Static Gages at
the 10-, 35=-, and 60-ft Levels in the
Trce Stand for Shot 9

Lb.5 shot 1

Instrument towers had been blown down in the region vhere the
precursor existed on Shots 1 and 10, apparently because of large dynam-
ic pressures in the precursor regio». Hurried plans were thereforc
made to install a single pitot-static gage on Shot ll. This gage wvas
loared to the Stanford Research Institute, the instrumenting agency for
the blast line, vho installed, calibrated, and rccorded the information
from this gage. Its locaticn and other pertipent details of its in-
stallation are presented in Tadle 1.7.

1.5 RESULTS AND DISCUSSION

1.5.1 Presentation of Results

Data {ram the pitot-stat'ic gage are listed in Tables 1.l and 1.2
for Shot 1, in Tables 1.3 and 1.4 for Shot 9, in Tables 1.5 and 1.6 for
Shot 10, and in Table 1.7 for Shot 11. Data from the yavmeters and
tover acc:lerameters arc presented in Tubles 1.8 and 1.9. The usual. .

7




gy
"

‘WUasq STEEO TIAEN asma 1997 JO TeaLim woig

we | ko - 19 | 6% - | sweol - |amwt] 4 | tt | oo |cmsg | cgeg

fy-o - - | oct] 66 | 99 | ewm0o}] wolwoolugeo]l a | ot | kvt |orese | oo

(29s) (es) | (o0e) | (%ed) 1od) | (1sd) ¢ (dee) (ee) | (oee) | (309) wicy | (9) () | ‘o

-nnuww“c “av | ‘s | tay Zsg | Taw | tw % | '» *s .“M sa q!.lluu - @ | e

T 3098 ‘329D 2439q5-9031d ‘amssazdiaag - 2°1 p 1

=

L.

]

—1

(m—————

([ F g ]
*NPSIq SIqUO [I1UN sama ISUTQ O TUALLI® wWoug o
tL°0 - fjoz2 447} €10°0 - | wlo°t 4 €t oo tusg | 6ge-t
£v0°0 - L 2L €€ Z¥X0°0 ] L£10°0 wo°0 | glge-o | ot o5t ousg | g€
™00 - stt | 0o $°y | 9o°0 f92z20 0 | Ttoo'0 | w20 | ot 052t ouw | we-t
um:ue& awo& am-d ame&q ﬁo& amo.% ﬁmo& (oee) ou& u..hw Muuh () hﬂu ‘om
eanp = .‘

W ey = 1Y v » » Tw 2 vy ..u....“

T 17ug ‘389D 011935-1031d ‘aunssaud ovwwukg - 11 ZIgVl

J||||||||I|||III||||I|III|I||lll|l




CITTFVW 29T 102

CINTWA 92.3AVPIT SATIS Tu®

{YPY2 37 uol3wn3@iIs

z IBTEDI] BYNTRA

£T°T 3% Z338 poddeg a

IATIVRIT AOTE 95009 5

- L0070 1£°9 = LEn & - c n pof] s MR

= 00 WZ e = n 0 o e 22 A (of 49 2] s 49 & -]

= - 169 - Laz = ZHGw o] (9] 05 7% 07 AR |24
= SON°0 o1 S 50 = s s pVAL | a 149 1977 Ac) 11 2% 149 (-]

- tEon o oT°'Y - 30 < LN c 0] 4 Yy S99 o4 |94
= w0 s oAt ¢ - A - mMm23°2 a S only Slom 8&0 |oxX-4
2250 | CcI19° % 730 21 v 2¢E2° T ] Z1oy q oL 72t o oNan
£17°0 | 5197 2 Mo o1 v et | ot E 2 22t AT Zanm
2o | 1m0 €27 522 v £15°T ] SL13°Y q ct 2t o2 1€ o400 |on2-4
I1%°0 | T00°0 clo N°T v s 75, R O IIR“-'s, L ¢ g o} 4 SFR2 2L OT4LY |LT2-4
312°0 | 902 £5°0 o505 20 | T6TE°1 uNSm.a g €Y 5542 24 ELlwt ttazg |2g2-4
g o | gne £6°9 £5°1 v 2T g d 1 MLz neY otd7T |972-4
= - 29 v v S13T 1| LS7T 1 d 194 Sws2 L €148 |oR-4
= = 270 v v Lot 1| oot g 6 2652 Leg Y

& 200°0 519! v LL'T | 0ooTU T | 99601 g 1T 0552 LEg TNt 12-4
(33%) 1 (o38) | (2%s) T (337) | (3ed) ] foes) | (39s) w3 (3] (3) T (3J) o |
2yy T 17 b «u .-u du -2auA | AITZ P o1 X 92ues a%wn | wig

Ay uers | pumaog

£ 20T ‘P80 01393C-21031d

‘aansIaxd oywwulkg - €1 FIAVL




N
°388 LKt 39 1od 2°9 J0 €m3s puwoose .lc.al-’-..p.ﬂc
éooo[tz¢t | 280 Bt ey [ a 9 [ w9 %9 099
120°0 | 60°¢ Yor- 1 29°¢ fa55 g | 141 o599 o9 stosg
$00°0 | $o°¢ 1ot 1 oy LoBS -y | ot 0059 o9 orese | 94
- 1684 1 ot o'y ool y %] 149 ol69 $Y$9 SCoso
€10°'0 | 22°¢ €360 o5y ool -y @ x 959 (1.4} o “oe-4
900°0 | §U°€ Lm0 SL g2 a £ 3 ] Only SLloy 98p0 ooe-4
RO00 | o200 | z°¢ tgl'ol 2ot vs | 9,59 1 Z109° ¢ N oy % o912 ONS00
£20°0 910°0 | 36°2 “%Ll0 e ot €< ] ory't 9509° Y N | <2 . %-1 ogre ¢$2ze00
€00 200°0 | 962 gL o L3R4 ¢ Yy | 16191 Uiyt N ox o o2 o900 ooe-4
Loo o 900°0 | 12°¢ %Ll0} g€t %°¢ | cpony-t yzoy“ v € ot <962 Tur otsly LYz-4 2
$20°0 | <000 | %62 | 9690 65t | 29 | osre-r oSTCE Y | €t | oegr €Lyt iy | 24
loo'o | 2z10°0 ; SO°€ guo|] s-st 9°L | agyz 1 Lree t € or onlz oot v oteT 9t2-4 o
600 | groo ) ot | woo| ot | s |ugrr| v | e U | s | g0t | e | age-a 5
68z | 9270 | o€z €9 | Sgot 1 $969°t 8 ] 144 552 Ifg TNt Wwe-4
(>%e) (>3) TG [ Gy [0y | 58 (23s) (33e) i () ?:- (33) ‘og ‘og
2 Ty a7 ‘w ‘w ‘o K % B !-ln!.mm ans .”033 qusgu io o i

6 10u3 ‘388D O13MIS-301d ‘amsesaadisag - %°1 FIEVL

1miet ACSIFIED

-so @ --.-‘OJI.....'I:'

e LR ' e
Sikin@ B ERSIESe )

~




b
XBOIQ BIQUD TIIW SaBA I1UUTQ JO [PATLIO mOly >
welesofl - - - |22 - - - - jralt'g O] on] K9 | Ly sl :
¢c-€fogs0] - - - stz - - - lowro|guity a] or] kv | Ltvg joimsg | S@2-4
o $q°€ ] org'n - - oty - - - lozmo]fofr-y .a |$9 | 2968 | gusf | oego | goZ-4
£16°0 g | wo | vvg| €9 | vw20o[vz20]9600]2o'0] o929 8] oOn] 0gst | o026t | oys00
%590 - - vet| g | v | 6L vwrtcolstrro|igoofiforo]<or9c 2| 2| gttt | o6t | S2m00
9% - - ott] w6 | v'9 | t'9| 6610 mr-0}L20°0]St0°0]<909°'} 3] o1] 951 | o3BT | ore00 §O0S-4
ozt°0 - 6°2t| 9°L-] 6°2t] €a| srx-0}sG0r0] t€0:0|Cov0jo2l-q .u ] on] 2ost | Zewt |owslt ‘
ont o - vo2f s2t| vor] Lg | woo|grorofzroeo]eoocojogs-cd 8] ot] Zxst | Z2et joralt |LrE-4
50°0 - - ookE| o'Lz]| 9'9 | 98] 20°0] k00, Sr0r0] So0"0]alge d a2 | €t] Lzt | A9t [Cieyg  XpR-4
{239) (329) | (oee) | (ved) | (1ad) | (3ad) | (v0d)[ (209) [ (30s) [ (3ee) | (209} | (20e)jmiosI(A3) ] (33) [(3) [-ow -of
R w | w | v | fev | Zo| Tag| te | Be | Ao | hw | s [T Bnsjshns fueo | mie
it edl] 3ve|g]panosg
OT 304us ‘sPeD 013935-3031d ‘sunseaxdiang - 9°T FIAVL 4
*APRIQ STETO TTIWA G48a 3O0TY JO TEaTAIS mory
- ot - - [T 0 - - - = 9UTY S T X [ X[ [iw | &8
- €Tt - - Josto - - - |moojalt'y a | ox | kv ! Lt | ouxe f<oz-4
- 19°0 - o090 - - jomorofoszt 'y G k@ oo6C | gust 0450 1908-4
tL5°0 - N0 |y josc2 ] oY [vezeo|vzz-o 9S00 jalorofsszod £ | on | ogsr ] omsr | onsoo
Liy°0 - 9T o'y JST T | 62°0 |%91°0 |8¥T-0 [L90°0 Jifo-0 fsS19°dd 8 | <z | voSt ]| owst | <2800
980 - 6°0T |16°CT 160 | 1€°0 |661°0 |y£t°0 |L20°0 [St0r0 o909l s | or | oost ] omét | owsoo |oos-4 m
ozt 0 - 9T Tl %6°T | ¥6°T-1%0T1°0 [000°0 | 1€0°0 [Co0O JSTLE'f & | O | 208t | zont | onalx oyt
ot 0 - 9°6 <|9°6 <| 250 | 29°0-]vn0°0 |gT0°0 |210°0 [goorO JagsE ' = | ot | zvst | mawat | owair |ive-s M.“W .
9%0°0 - IS 6| L€} 01|00 ]|0ko0|ST0°0|S00°0$l93° 4 ® | €1 | Lizx | 69t | Cuong |ape-4 M
oee G TG T Tied)[32) [(5oe) [(o%e) [(ose) [(0e] [(3ee) [mro3 [ (DY 33 | (33) | o I3
lﬂmuuﬂ.w:o ‘a0 » nv!d % T fd nu‘ uuq ﬂ-c lu joaua | Aoty |efves | afueas | Wiep " c
ety “g aovig | perosp — —
-—

Ol 309s ‘389D 211wg-1011d ‘amssaxg sywwulq - G-y FTAVL




(>evw 09~02) Leme 695E°0 ot ZTst Z9T ouxLY Le-4
aAoTq slaA 83898 oq3 Timm .
093 punoy® WOIZ snyper 9.92°0 ot Lzx 6911 oty -4 p—
Inoqe euvTd wiuozyloy Uy
PUEA JO TOTJUTTIOsO 1TV 6l6T°0 9°'1x 650t 926 TII9T gre-4 | ot |
Xo0ous .
PIIIITIIX Ty [WUOZTIOH {2LON T | €TON°T ot 6962 STLY OTXLY Le-4 .
Nooy¥
DIIITIIL 193w TVmozTI0R |6TTE T €20F°T ot o 19X ¢ ot -4
Rooqgs
PAIVITIAX J93gw TwanozTxofg JLin2°T| 15€2°T 9°TT 0Al2 O0ET TU9T gre-4
xooqs
PI3IITIAX I93y% TwIuozTIoH {IQLT°T| €L9T°T ot ShHoR lgot otxog oge>-4 6
UOT3I3ITP VUTA (o99) (- »9) (33) np& [€%)) ol coy *o
.na .0 L ATV afuex aSwp g 0989
J_ jovig pamorn
I935WAPX ‘TOTIONIIQ PUTA - Q°T FIAVL
Y3 3937% puooes ££0°0 usneg .
- - S° 1T fn2°s 9°T | mho°0 | £64°T 99t Lent S SBY
26°S 0°€ - - 0l6°0 | 10°0 | E69°T SQ9t LEnE S Sy
(¥ed) (vod) [ (vod) T (ved) | (o2e) | (o38) | (99) Ma.a (33) (33) *on
2p T | S w | Yaww | %w " Buex | Az i)
Koodd 5] panoTn

TT 30ug ‘38wD 913938-3031d ‘oumssordian) puw sanesaig ofwealq - L°T FIIVL




2/ 2 | [1g00
6 05

S KELT£3)) YT oy
L




signifiicant information on arrival times, peak pressures, positive and
negative phase duraiicns, and details of gage locations is tabulated.
All symbols and abbreviations are defined in Appen: - A; ylelds, bdurst
points, and shot conditions are fabulated in Appendax B; and tracings
of the records from individual gages are presented in Appendix C.

As might bc expected, the type of reflection region in which they
are recorded a.d effects of localized tharmal or mechanical intarac-
tions imparts certain characteristic features to the overpressure- and
Jdyramic pressure-time vaveforms observed at various locat.ons. Some of
these characteristic vaveforms are illustrated in Fig. 1.11, Types A-?
representing dynanic pressure-time vaveforms and Types A'-F' the cor-
responding overpressure-time vaveforms. Those observed near the ground
“vhen no precursor has formed are typified by A-D and A'-D'. In the re-
gion of regular reflection ideal wvaveforms vill be like those of A and
A', vhile B and B' shov the effects of localized disturbences upon the
iaitial portions of these sam: shock vaves., Types C=C' and D-D' are
exexplary vaveforms for the region of Mach rellection under analogous
conditions. The tvo-step rise in the region of regular reflection in-
dicates that the incident and reflected shock waves arrived at the gage
at different times; 1n the region of Mech reflection, of course, only a
single vave is recorded so long as the Mach stem is higher than the
beight of the gage cft the ground. Types E and E' are highly stylized
represep’ tions of vaveforms observed in the precursor shock wave;
vhile th rounded froants and erratic fluctuations behind the front are
generally characteristic, they vary considerabdly im actual msasured
vaveforms. ‘Types P and F', vhile observed in ths precursor shock vave
on Shot 1, wvere actually measured at a ground distance such that the
precursor had virtually died out. Although identical in shape to A and
A'. they a>e a manifestution of an entirely different phencmenon, as is
indicated Yy the fact that the same type vaveform wvas observed Yy the
gound bafflc gages as Yy the gages adove ground.

1.5.2 c_Pressures in the Regular and Mach Reflection Regions
ursor

Nost of the msasurements of &ynamic jressure that vere unaf-
fected Yy precurscr formation wvere made on 8bot 9; only three vere made
on Shot 10. Before discus.ing the significance of ther~ msasured
values, hovever, tde folloving obdervations should dbe made.

1. It vill de noted :hat in vaveforms of Types A and C the record
does Dot decay to tero. DBecause the front differential gage of the
pitot tude is much less eensitive in ths negative than in ths positive
direction, and decause maximm dQynamic pressures in ths negative phase
are much smaller than in the positive ptase, wve vould expect sy sigmal
from the gage during the osgative pbass to de so amall as to be hardly
dstectible., 7To dateruine vhy the signals were actually positive, the
gt Vas tested i th ladaretary YWy applying a pressure pulse vhich
decayed to zero ia apraximately tvo seconds. These tests revealsd
shart-time “lysteresis” of variable magnituis viich vas attriduted
incipally to the grease damping used in the Wiancko gage. It is
therefore concluded tht‘&h eod of the positive phase of Qyuemic
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pressure should be taken to be the end of the period of rapid decay as
illustrated in the vaveforms of Types A and C; and the tabulated dura-
tions on Shots 1, 9, and 10 bave been read i{n this fashion.

2. On Shot 9 the yawmeters in the region of regular reflection
sboved flov to be horizoutal after arrival of the reflected vave.
Records from the yswmeters at Stations F-280 acd F-202 4id indicate,
hovever, that flov vas apparently not horizoatal until 20 and k0 msec
after arrival of the reflected shock wave. Subsequent calibration of
these tvo gages revealed that the slov decay of these signals vas
caused by obstructions in tbe pressure inlets to the gage. Thus the
apparent nonhorizontal flow wvas not real but the result of a spurious
response of the gage.

3. Tover accelerstions measured in the regular reflection regica
on Sbhot 9 vere co small a3 to have little effect on e performance.

4. Waveforms for Shot 9 (Figs. C.2 through C.5) give evidence of
& generwul rounding of the shock froats and irregularities of the wave-
form during the first fev milliseconds after arrival at the gage. This
behavior is more pronounced for the reflected wvave in the region of
regular reflection, but the over-all effect becane less pronounced at
incressing ground distances vith tvo exceptions. One of these vas at
Station F-266 in the tree stand and the other at Station P-285
(rig. C.3db), which had a rosd intersection in froat of it. It is be-
11 ved that the 6-12-in. layer of fine loose dust in fromt of the lat-
ter station may bhave coatributed to the irregularity of the initial
portica of ths shock at this station. Because of this general rounding
of the shock fronts, t': times after arrival at vhich maximm r.sssure:;
vere recorded are also tabulated.

These observations should be kept in mind in the folloving comper-
ison of mesasured dynaaic pressures vith those calculated fram the meas-
ured overpressures. In the regular reflection region the bhorizontal
component of q after reflection is calculated in accordance vith
Section 1.2.1. Overpressures used for thege tions obtained
by averagirg those measured by Projects 1. and 1.1 vith
those measured by the pitot-static gage. 7These measured end calculated
values of dynamic pressure as vell as frectional deviations of the
measured fram the calculated valies are presented in Tadble 1.10. The
algrbraic mean of all deviations is 4.4 per cent, the measured dynamic
pressures averaging greater.

In the region of Mach reflection, 7 of ths 10 measured valies de-
viated in the positive direction, ths meen deviation for this regioca
being +8.% per cent. With a single exceptiom all records from this re-
glion manifested rounded, irregular waveforms. JFour of these records
vere taken at Statioa F-285, vhere dust loading wes anticipated, snd
three were taken at Statioa F-206 in the tree stand. Dynamic pressures
acasued on previous experimental operations had deea found to be in

agreemsnt vith those calculated from the msasured overpressures

Sectionm 1.2.2), tut {t abould de pointed cut, too, that tacse recordsd
pressure-tims vaveforms vere Type C vaveforms. It would seem prodedls,
then, oa ths basis of this experimental evidence, that if dymsmic pres-
sures are msasured in the Mach region under comditions such that the
wvaveforms are rounded by mechanical intsrection so that they sore
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nearly approach those characterized by Type D, they may be somewhat
hizher than those calculated fram the corresponding measured overpres-
sures. A posgible explanation for this observed increase in dynamic
pressure may be found in the response of the pitot-static gage to dust-
loading of the air (App D). Apparently the sage registers the dynamic
press.re of the dust, and as (ou )aust rather than as (3o Jaust-

In the region of reg:lar reflection, on the other hand, oniy two
out ol five measured dynamic pr2ssures were zroater than . wse calcu-
lated, the mean deviation being -3.3 per cent. Again the wvaveforms ex-
hibited the rounded fronts and irregularities characteristic of thermal
and mechanical interaction near the ground. But the deviation is so
sonll that it is probdably not significant, and we may assume that other
factors in the reflection process acting to reduce the dynamic pressure
counteract any tendency towurd increased dynamic pressures that results
{rom dust loading. One such factor is the variation of incident over-
press.re vith height above the ground that causes reflected pressures
to be less than ideal as based on the incident pressures at 10 feet,

Figwe 1.12 is & graphic caaparison of measured and calculated
dynamic pressurec for Shot 9 upon vhich is superimposed a curve of dy-
nanic pressure derived fruam Porzel's theoretical dynamic pressure
height-of-burst chart (Fig. 1.1). The break in the curve drswn through
the Qynsaic pressures calculated from measured overpressures, vhick is
more or less corroborated ty the experimentally measured values, {l-
lustrates vividly the importance of gage height alove ground in the re-
gion vhere the Mach stem is only a fev feet high. For example, at a
ground distance of 2160 feet the Mach stem vas 9 feet high, and the dy-
nanic pressure measured at the 10-ft level, vhile lower than tlL:{ cal-
culated fram the overpressure in the Mach stem, ~as considsrebly higher
than those msasured at the 25- and LO-ft levels. The theoretical curve
of q vs dlstance (Porzel) differs consideradly from that for measured
or calculated q's; these differences might be anticipated, however,
since this curve is dased upon ideal overpressures and dymamic pres-
sures at ground level so that in {1 the regicas of regular a'd Mach re-
flectioa vere joined in a smooth curve. As experimsntal measurements
bave shovn, actual dynamic pressures in the transition region are quits
seasitive to ths beight adove ground at vhich msasurensr-'s aie taken.

1.5.3 Dynaaic Pressures in the Precursor Regicu

Before discussing the significance of the experimentslly meas-
ured dynamic pressures in the precursor region ve vish to emphasize ex-
isting uncertainties to vhich thess data are sudject:

1. On Shots 1 and 10 the set ranges of ths gages in the precursar
region vere much amaller than the signals received; consequently the
response of the recording zystem vas noalinear. For the Coosalidated
syster used, the galvancmeter daflection is asymptotic to appraxisately
tvice the daflection used for set range, reaching th‘s saturation value
for an input about four times that correspooding to the set range.
validrations of the recording system subsequent to the operation were
used to correct for this nonlinearity. Thus the dynsmic yressurss
1isted are the minimum values consistent vith these calideatiocns.
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However, records from three gages, 82F13, 17F10, and 17F4O (Fig. C.h4),
used on Shot 10 indicated that either the gages or the recording rys-
tem vere completely saturated; therefore the values of dynamic pressure
for tbese gages (Table 1.5) have been preseated simply as greater than
the saturation values obtained froc the calibration records.

2. The records were also correctz:d in accordance with the cali-
bration curves presented as Figs. 1.3 and 1.4 by assuming that the
angle between wind direction and the appropriate axis of the gage was
that obtained from the geometry of the actual burst point and thnt L£low
vas horizongal. Valugs of q were further corrected from q. = 3 ou
(1 +0.25 4 + 0.C25M% + ...) to q = 3 Pu? by assuming the Mach number
to be that obtained from the overpressure, using the Rankine-Hugoniot
relaticn. Both corrections did not exceed a total of 15 per cent in
the value of q in any instance.

Motinn pictures of the precursor on Shot 10 shov that initially
the direction of flow was upward at an angle of 40° - 60° and probably
became horizontal sometime after the dust front had passed. The dust
reached only a def nite height and the particles at the front moved
horizontally as they reached this maximum height. Therefore the ini-
tial values of dynamic pressure (as rapresented by q; and % of wvave-
form Type [, Fig. 1.11) should be corrected for this angJ.e An exact
correction can not be made since the direction of flow is not known ac-
curately; hovever, it is believed that such a correction could not more
than double the meazured initial pressures (q, and in Tables 1.1 and
1.5). Even if thess initial pressures vere abubled Zthey woull still
be less than the values measured later (qy and q in these same tables)
vhich vere measured after the dust front behind thes precursor shock
vave had arrived at the gage, at vhich time flov was probably hori-
zontal.

3. with the exception of the gage at Station 3-269 on Shot 1,
vhich vas at the very end of the precursor, all instrument towers and
gages in the precursor on Shots 1 and 10 wvere destroyed during passage
of the shock wave. Postshot photographs of the gage from Station 3-285
on Shot 1 (Fig. 1.13) snd Station F-200 on Shot 10 (Fig. 1.14) 1llus-
trate the complete destruction that took place. Comparisca of the dy-
namic pressure records fram these gages vith overpressura: records from
the same locaticas and from corresponding ground-vaffle gages indi-
cates that the gages probadbly operated long enough to record aaximm
pressuras actually obtained in the dlast vave. This conclusion cannot,
of course, be stated as an absolute certainty.

Since the tovers and gages vere blown avay, the question arises as
t0 vhat effect acceleration or chn.:@q orientation aay have bad on the
output of the gsge. Previous test of the Wiancko traasducer indi-
cated that its scceleration sensitivity would be lsss then 1 per cent
of set range at acceleraticns of tae ordser of 50 g, as vere obsarved on
Shot 1 (Table 1.9). Doudle integraticn of the recnrd from this ac-
celervaster (vhich was mounted on the same tower as the pitot-static
gage nsarest ground sero) indicates a displacement of oaly 6 inches
vhen thas recard from the pitot-atatic gage failed. On Shot 10 acceler-
cmeters vere mounted at the 10-ft levsl at Stations F-280 snd *-216,
both of vhich vere nearer ground sero than Station F-282, whare the
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cleosest pitot-static gage was installed. At the time these acceler-
ometers talled the indicated displacements vere only 6 inches and 3
inches, respectively. Therefore the dynamic preassure records from
gages that were destroyed were probably not seriously affected by
either acceleration or orientation.

4. For convenicnce the differential pressures measured by the
pitot-static gages in the precursor region have been labeled q (dynamic
pressurg) in the tables and figures. Hovever, since q has been defined
as {sou only for a gas, and since these measurements vere made in the
presecce of considerable quantities of suspended duat, this label is
misleading.

Ia this new experiment dust loaded into the shock wave caused the
shocx front to became rounded at the point of loading, but tke fromt
shocked up again as it traveled down the tube. A major result of these
shiock-tube tests is evidence that the Wiancko gage registers the dyna-
mic pressure gf dust particles, at least those 1-100 microns in diame-
ter, as 1o qu4, vhere uq is the velocity of the dust particles and P
1s dust demsity (ie, the masa of dust per unit volume, not the d.enu%y
of the individual dust particles). This coefficient of one should de-
pend scmewhat upon dust density, particle size, and gage coastruction;
however, this dependence appears to be fairly weak.

Let us nov examine the dynamic pressures mesasuret in the prec.:-
sor on Shots 1, 10, and 11 in the light of these obse:vations. The:
vaveforms (Figs. C.l1, C.6, and C.T) showv initial lov aynamic preassixes,
vhich, even if ccrrected for angle of incidence, are consideradly lover
than those recorded after arrival of the dust front behind the precur-
sor shock wave; the same phenomenon vas obeerved in the shock tube.

The corresponding overpressure records have rounded rises, the rounding
being lecs pronounced at greater heights above ground. This rounding
can be attridbuted to dust loading and to rapid expansion of the precur-
sor front near the ground; that there is a rapid expansion can be
deduced from photographs shoving that the inclined froat is straight
to vithin about five feet of the ground.

Table 1.11 is a comparison of the maximm Q's messured in the
precursor with those calculated from the overpressurs as mesasured
sizultanecusly by the pitot-static gage. On Shot 1 at tne two closer
stations wvhere the precursor vas strongest the measursd §'s wore
approximately 20 and 10 times those calculated; but at the {arthest
station, vhich was near the point viiere the precursor vas dying out,
measured and calculated q's vere in good agreement. On Shot 10 the
measured q's vere about 3-4 times those calculated except for one value
7.5 times as great. On Shot 1l the maximus measured q vas abcut twvice
that calculated, and that in the initiai step was b times that ~alcu-
lated.
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