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TABLES AND GRAPHS OF TIE THEORETICAL PEAK PRESSURES,
ENERGIES, LNMD TiTULSES OF SHOCK WAVES
FROM ZXFLOSIVE SCURCES IN SEA WATER

Abstract

Lk theory of the pronagation of shock waves from explosive
sources was presented in HDRC Report A-318 (OSED - 481,). %  In
that report, a pair of ardinary differential ecuations for peck
pressure and shock-wave energy as functions of the distance from
the source were formulated from the equations of hydrodynanics
by imposing a similarity restreint on the shape of the energy-
time curve of the shock wave. Two-parameter fam®lies ~f peak
pressure~distance curves are obtained by the solutiom of these
propagation equations. The parameters are convenilently chnsen
as the initial values of the pressure and shock-wave energy.

In the present repirt, tables and graphs of the twno-
parameter families »f curves for shnck waves from explosive
sources in sea water are presented. A method is outlined for
the determination of the parameters from experimental values of

cx-

the peak pressure and impulse over a limited range »f distances
from the source.

I. DESCRIPTION CF THE TABLES AND GRAPHS OF THE PROPERTTIES
OF SHOCK VAVES FRCi! EXPLOSIVE SCOURCES IN TILTER

1, Introduction

L theory of propagatiom ~f shock vaves from explosive sources has been
described in an earlier report.1 A pair of ordinary differential equations
for peak pressure and shock-vave energy as functions »f distance from the
source were cotained from the eguations of hydrodynamics and the Hugoniot
relations by imposing a similarity restraint on the shape »~f the crnergy-time
curve and by utilizing the sccond law of thermodynamics t6 determinc, at an
arbitrary distance, the distribution of the initial energy input from the
cxplosive between energy available for further propagation and dissipated

energy residual in the fluid already traversed by the shock vave. The theory

l/Theory of the propagation of shock waves from explnsive sources in
air and weter, by J. G. Kirkwond and 3. R.. Brinklecy, Jr., LDRG Rcport A-318
(OSRD-4LG1L)
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tekes proper account of the finite entropy increment in the fluid resulting
from the passage of the shnck vave and permits the use »f the exéct Hugoniot
curve for the fluid.

The basic ctuations of the theory arc

4:

R? "
2+ 2 nlp) = - ZRF(),
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(1)
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I p R f(P);
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and p 1s the excess peak pressurc measurcd in units of a characteristic pres=—
surc B, at a_distance Ra0 from the center of a spherical cherge of cxplosive

of radius ae B is the characteristic pressurc of the Tait cQuation of state;,

p =3[ (p/p,) =1] (2)

and ¢ is the cxponcent »f p/}q in the Tait equation. The Quantitics p and Ao
arc the densitics of the weter at distances R and infinity, respectivelys ¢
and c, denote the sound velncity in vater at densitics p and fory? respectivelys
U 1s the wvelocity of the shock front; h is the specific enthalpy increment of

an element of fluid, traversed by a shock wave of peak pressurc p, after re—
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turn to pressure P, along its new adiabatic. The variable K is reclated to

the shock-wave encrgy £ per gram of the initial explosive charge by

e =2*13

where P is the density of loading of the explosive. The positive impulsce

is given by

T = peB, (L)

vhere

QL

20 .U
g R

—

Tables of the functions defined in Egs. (1) and (L) arc prescnted in

an appendix,

2. Description of the tables and graphs

The two~paramoter family »f pecak pressurc—~distance curves and the family
of shock-vave crnergy-distance curves for sclected valucs of the constants of
integration were obtained by numerical integretion of Eqs. (1), cmploying the
methods of Fart IIT of the previous roport.l/‘ Each member of the tvwo families
is characterized by a valuc of pq, the excess peak pressurc ot the initial
instant of time measured in kilobars and by a valuc of €, rclated to the

initial shock-wave encrgy by

Qy = 5£%i7‘€;2? . (5)

The family of peak pressurc-distance curves is presented in tebuler form in

Table I. " In this and follwwing tebles, a roduced distance variable cqual to

N1/3 . ; . . V.
E(pefh> is omployed, vhere B is cxpressed in fect, A, I grams per cubic

C.0H rI DEETIAL




centimeter, and W in pounds. In order to facilitate interpolation with ro-
spect to distance, the entrics of the table arc of the function 10-3Rp(ﬁb/W)1/3
with p expressed in pounds per square inch.g

Portions of the peek pressure~distance curves for moderately large dis-—
tances are presented in a scries of graphs, Figs. 1 to 6. Each graph gives
a family of peak pressure-distance curves for a fixed volue of the paramcter
Q, plotted as log Rp(;%/w)l/B versus log R(pO/W)l/g. Thesc graphs arc de=-
signed to 2id in the determination of the parameters from an cxperimental peak
pressurc—distance curve in a mamner to be described in the follwwring. -

The family of shock-wave encrgy-distance curves is tebulated in Teble II,
the entrics of wyhich are g,€ with the reduced distance defined in the forego-
ing as argument, The units of € arc calorics per gram of cxplosive.

The family of positive impulse~distance curves was constructed with the
aid of BEgs. (3), and it is tabulated in Teble III. Here, the function
103RI(Fb/W)2ﬁ3is listed with the roduced distance as argument. The units of

I arc pound-sccond per squarc inch.

3¢ Dectermination of the initicl peremecters from experimental date

The graphs, Figs. 1 to 6, arc designed to aid in the determination of the
paramcters of thosc members of the familices of peck-pressurce curves that give
the best fit to a perticular sct of oxperimental data. For this purposc, ‘the
cxperimental data may be plotted to the correct scale on tracing cloth and
comparcd with the theorctical volues by superimposing the tracing on the pub-
lished graphs. Unless the dote arc of high accuracy, this nrocedurc till not
lead to a unique determinetio-n of the paramctors but £9 the sclection of scv— e
cral pairs of values »f the paremeters between which a choice could not casily
be made by visual methodss The method »f least soucres may then be used to
narrow the choice of peramcters. One computes the mean of the squeres of the

weighted deviations »f the individual experimental values of the posk res-—

2
~/rNoto thot in the tables p is expressed in pounds per squarc inch,
~

While in the cquations p vwes o dimensionless quantity cxpressed in units of B,
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surc and positive impulsc from the theoretical valucs given by the curves
sclocted by visual matching, cmploying the reciprocal of the root mean squarc
deviations of the experimental points &t a given distance from their mean

as the woight factor at that distence. Onc then selccts the paramcter sct

yiclding the smallest valuc of this auantity.i

II. TABLES AMD GRAPHS OF THE PEAK PRESSURE, EHzRGY,
LD TIPULSE OF SHCCK WAVES FRCI EXPLOSIVE
SOURCES IN SEA VATER

Symbols and Units

Symbol Unit Definition
R ft . Distence from the center of spherical charge of
explosive.
Po gm/cm> Density of explosive.
W 1b ' Vieight of charge of explosive.
P 1b/in? Excess pecle pressure of shock wove.
P1 kilcbars Initicl excess peak pressurce.
Q1 ——— Tnitial value of reduced cnergy vorioble.
cal/gm Shock=vwave cnergy.
I 1b-sec/in? Impulse of shock vave.

lote: The first tabulated value of the distance argument (ﬁb/ﬂﬁl/3= 0.156,

corresponds t» the surfoce of the sphere of intact cxuplosive.

3/ See E., T. Whittaker and G, Rcbinson, The calculus of observations,
3rd (Blackie and Son, 19L40), pp. 182, 221,
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APPENDIX

Metheds of Humerical Integration

In the present scction, methoeds that are appropriste for the numerical
integration of the basic differential cquations, Eags. (1), arc described and
tables arc given of the auxiliary fnctions required for this integration.

For shock waves in water, i1t is convenicnt to employ the following

variables:s

P
{
-]
(o]
Q
=y}
N

(A1)

N

WO N
1
]..!
o
o0
O
s

In these variables, Egs. (1) become

=t + Lonl),
. (A2)

L= o) + T ),

vhere
2(p) =n(p)-1,

n(p) = F(p),

F(p)=£(p).

n{(p)

Tebles of the functions €(p), m(p), and v(p) arc prescnted in Table IV.
Tablc V lists certain auwxilicry quantitics necessary for the calculation of
the impulse by Eo. (4).

A procedurc for the numerical integration of Egs. (A2) has becn outlined
in an carlicr report.l It 1s suggested that the integration be started with
'mengmKMﬁamnmm,mﬁzmjjmwuwzmﬂw&wefm'mmﬁﬂﬁngtm:mu»

gration is outlincd.
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Table IV, Functions for the integration of the propagation
equation 1s sea water.

-4
(Unite of B) f £(p) m(p) n(p)
b 0 0 1.5000 0.5000
a0 _ 0.001495 1.L8L3 L1950
.02 .00292}: 1.4670 .L,882
03 .004355 1.452L L1839
20l .005725 1.14363 U778
.05 007075 111207 L1721
.06 .008L2Y 1.4L05) L1665
07 »00977h 1.3871 L4600
.08 01112 1.3759 L1560
09 L0127 143617 1510
0.1 .01380 1.3L79 JLl62
o2 02622 1.2175 +398Y
. .3 03745 1.1058 3576
A 0L 763 1,0095 | .3215
5 05676 0.9305 <2939
’ .6 ,06581 .8555 .2673
‘ o7 ,07388 « 7923 +2L50
| .8 .08156 7378 .2268
.9 08867 «6886 , 02102
| 1.0 L09517 61139 «19L5
7 1,5 1235 L1793 +1L0L
2.0 1416 »38LL +1133
2.5 .1563 3123 .0889
3.0 1696 252 +0690
3.5 .1815 «20048 .0536
L0 1919 ' . 1695 0428
L5 «2009 .1L65 «0366
) 5.0 .2085 L1318 .03L5
10 +2506 .051L0 01276
% 15 2678 .02770 L0069,
20 ; .2818 01731 200452
25 L 31043 .012)2 00359
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Table V,
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Auxiliary table for blast waves in sea water,

SIFIED

1
(

G

p
(Units of B) U/eo g /""//Oo
0.01 1.003 0.9971 0.00565L 1.001393
.02 1,006 «99LL .01121 1002774
003 1,008 09917 01659 1:004142
0L 1,011 +98%0 .02211 1,005502
.05 1.01L .9863 o02737 1,0068L6
»06 1,017 .9838 .03258 1,008180
07 1,020 09812 03773 1.,009499
.08 - 1.023 «9787 .0L278 1.01082
«09 1,025 « 9762 LOLTTT 1.01213
0.1 1,027 e9737 .05266 1,01312
'2 1005h 09512 0097?9 100258h
03 1,072 09316 . 1371 1.,03738
ol 1.103 «91L7 » 1706 1.0818
o5 1.126 28995 22011 1,05835
) 1,148 ,8859 22283 1.06797
o? 13170 18738 p2525 1c07705
8 1191 8627 2748 1,08568
9 1.211 «8526 «2949 1,09392
1.0 1,231 .8L35 .3130 1,1018
1e5 14321 8069 »3862 1,1368
2.0 1,407 o 1654 11500 1.1673
2.5 1186 o 7408 cL975 11935
3.0 14555 » 7298 25192 1,2136
3.5 1.619 « 7211 «5296 142302
110 1,682 . 7110 »5515 1¢2L78
L5 1.7L2 ,6998 .5682 1.2630
5 1797 «6906 5799 1.2762
10 2,272 -6381 «6593 163720
15 20&62 061h9 069hh 10u29h
20 2,961 «59L3 » 7142 1.L687
25 3,252 .5638 « 7255 1e149L5
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