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ABSTRACT 

The energy parameter B used in the strong blast wave 

equations is calculated for monatomic and diatomic gases. 

Three geometries, spherical, cylindrical, and plane are 

considered. Comparisons are made with previously published 

values of B. Tables and curves of the distribution functions 

are given for each case. The equations of the blast waves, 

in the similarity solution, are compiled for the six cases. 

An application of the analysis of a cylindrical blast wave 

from an exploding wire is given. 

IV 



THE ENERGY PARAMETER B FOR STRONG BLAST WAVES 

DONALD L. JONES 

1.  Introduction 

The theoretical treatment of strong spherical blast waves, 

assuming similarity, has been made by Taylor .  This work was 

extended by Sakurai7 to the case of cylindrical and plane blast 

waves. Although Taylor developed some, approximate solutions 

for raonatomic and other gases, the main emphasis in these analyses 

has been on solutions for air, a diatomic gas. 

In the present work, three ideal situations have been com- 

puted which differ in the geometry of their initial conditions. 

Energy is instantaneously released:  (1) at a point to produce a 

spherical shock wave, (2) along a line to generate a cylindrical 

shock, and (3) over a plane to yield a plane shock.  The shock 

disturbance is assumed to be similar at all times, changing only its 

linear dimensions with increasing time.  It is also assumed that 
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the gases are perfect, with constant specific heat ratios. 

Energy losses from ionization and radiation are neglected. 

Under these assumptions the distance R of the shock 

front from its initial position is related to the time 

by the expression 

1 / E Xh    c 
t =-  _  \  Rc (i) 

o u0 ; 

where E is the energy released, p is the ambient density 

ahead of the shock, c is a numerical constant equal to 

5/2, h/2,  or 5/2 for spherical, cylindrical, or plane shocks 

respectively. B is a numerical constant depending upon the 

geometry of the shock wave and the specific heat ratio v 

In spite of the idealizations, equation (l) describes 

real explosions of exploding wires '  , cylindrical charges 

k 5 
of high explosives , and even atomic bombs. In order to 

compare experimental results with theory using equation (l), 

the value of B is needed with a precision at least as great 
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as that of the experimental data. For the present work 

three significant digits are adequate. The precision 

claimed for the previously published values for B is 

three digits also. However, it will be demonstrated that 

few were correct to more than two digits and one was not 

correct even in the first digit. 

A table of values of B, calculated by the author, 

with a precision of three digits, is given for each 

geometry and for both diatomic and monatomic gases. The 

blast wave expressions for each of the six cases are 

compiled in Appendix A. This report constitutes the 

more complete discussion referred to in an earlier pub- 

lication *. 

2. Procedure 

Taylor , in his original work, gives a thorough dis- 

cussion of the similarity method. It is sufficient here to 

* The author is indebted to N. Gerber, BRL, Aberdeen Proving 
Ground, Maryland, for pointing out an error in the previous 
publication. 
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indicate that the assumption of similarity is consistent 

with the equations of motion and continuity and with the 

equation of state of a perfect gas. The conditions at 

the shock front are given by the familiar Rankine-Hugoniot 

relations. Distribution functions are developed as a 

convenient method for representing the pressure, density 

and flow velocity at all points in the blast wave. 

In the computation of the parameter B, it is first 

necessary to integrate the differential equations of the 

distribution functions given in Appendix C. Graphs and 

tables of the solutions of these equations are shown in 

Appendix B for each of the six cases. The abscissa T] is 

the ratio v/R, where R is the distance from the origin to 

the shock front and r is an intermediate point. The dis- 

tribution functions f, rp, and t are all dimensionless 

functions of T. The function f is related to the pressure 

ratio across the front; I is the density ratio; and CD is 

related to the radial velocity of the front. It should be 



noted that the given boundary conditions in Appendix C 

are correct only for strong shocks, i.e., for which the 

pressure ratio across the front exceeds 10. As shown 

in Appendix C, B is the integral of a geometry dependent 

function of the distribution functions. Following Taylor, 

B is found by evaluating first the differential equations step 

by step and then numerically integrating from the table 

obtained. 

7 
A Runge-Kutta integration technique given by Gill 

was used to evaluate the differential equations of the 

distribution functions. Gill developed the method for 

automatic computation, the main advantage being that only 

one set of values at the boundary is required to initiate 

the computation. The boundary conditions at the shock front 

provide the necessary initial values. One change in the 

method of Gill was required since the present computations 

were performed with a floating point machine, whereas his 
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technique contained a means of reducing rounding errors 

8 
on a fixed point computer. Obitts has determined that 

the use of floating point arithmetic reduces the accumu- 

lation of rounding error within a step, so that the 

application of a bridging term as developed by Gill would 

be unnecessary. 

In computing the tables of the distribution.functions 

the procedure followed was to select an arbitrary interval 

for An and compute the table from ^ = 1 to T| = 0. Then 

the interval was halved and a new table was computed. If 

the new table agreed with the previous table to six sig- 

nificant digits the last table computed was accepted as 

correct. If such agreement did not exist another table 

was computed. This procedure was repeated until the desired 

agreement was obtained. 

The tables of the distribution functions in Appendix B 

are not nearly as complete as the original tables calculated 

for this work; many intermediate values are not listed. It 
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was necessary to use an interval of 0.0005 in T\ to obtain 

an adequate precision in the integration of the differen- 

tial equations for the distribution function graphs. 

The differential equations of the distribution 

functions are quite well behaved, as evidenced by the 

graphs in Appendix B. Also, the computer word length is 

in excess of ten digits, while the distribution function 

tables are only required to be accurate to six digits at 

most. These two facts, when coupled with the relatively 

short length of the tables (~ 2000 entries), allow a 

straight-forward evaluation of the distribution functions 

without the serious loss of accuracy from truncation and 

round-off that often plagues numerical evaluation of dif- 

ferential equations. 

Preliminary computations of B were made on an I EM 

650 computer, but the large number of calculations re- 

quired in the step by step computations indicated the need 

for a faster machine. Subsequently the program was placed 
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on a CDC 1906 computer and all computations were performed 

with that equipment. 

The computed values of B for the six cases considered 

are shown in Table 1. 

TABLE 1 - ENERGY PARAMETER B 

Spherical Cylindrical Plane 

v = 7/5 5.55 5-9^ 1.22 

v = 5/5 5.08 2.26 O.678 

Once B is known accurately it is a simple matter to 

apply equation (l), its derivative, and the Rankine-Hugoniot 

relations to compute the theoretical time, velocity, pressure, 

and temperature for a shock front propagating in a known 

gas. The theoretical values can then be used to compare with 

experimental data or to predict experimental parameters• 

Equations for these computations are given in Appendix A. These 



equations are grouped according to the geometry of the shock 

and further subdivided, as necessary, into monatomic and 

diatomic gases. 

If the distance of a shock front from the origin is 

measured as a function of time, application of the equations 

in Appendix A allow determination of the energy in the shock, 

the front velocity, particle velocity immediately behind the 

front, and the pressure and temperature in the shock front. 

3« Discussion 

Since the initial work of Taylor on spherical blasts, 

several others have made further calculations on the spheri- 

cal as well as cylindrical and plane blast waves. A list of 

authors and the B values they have obtained is shown in 

9 
Table 2. The entries listed for Sakurai were calculated 

from his published J values. Harris  developed an approxi- 

mate method for calculating B for any y,  but even for 

v = 5/3 his values are in error by more than 20 o/o. The 

11 * values listed for Sedov  are obtained from graphs and the 

* The author is indebted to Dr. H.T. Yang for calling his 
attention to this work and also to reference 12. 
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spherlcal case appears closely related to the work of 

Taylor. 

When the computed values of B In Table 1 are com- 

pared with the previously published values some discrep- 

ancies appear- For the plane shock wave with y = 7/5, 

13 
the value of 2.Oh given by Lewis et al  disagrees with 

our value by 67 0/0. This deviation probably resulted 

from a mistake in their integrand of B. Their equation 

Y 
(2'+) contained a term (  ) which should have been 

Y-l 
11+ 

In the cylindrical case Lin's      value of 
.V(Y-1)J 

3.85 for Y = 7/5 gives a disagreement of 2.3 0/0. Presum- 

ably this was caused by inadequate evaluation of the 

distribution function differential equations. The agree- 

ment with the B values from Taylor for the spherical shocks 

is remarkable in view of the fact that his were made with- 

out the aid of an electronic computer. 
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4, Application 

We can now apply the equation for cylindrical shocks to the case 
of an exploding wire in air. Radius-time observations of the shock 
wave were made simultaneously on three frequencies with the microwave 
Doppler technique as shown on the left in Fig, 1.  The data for each 
frequency, scaled from these traces, are given in Table 3. 

TABLE 3 - Shock Wave Data 

X = 5-0 cm 

R cm   t lisec 

X = 1.2 cm 

R cm t usec 

X = 0.8k 

R cm 

cm 

t u sec 

5.00 7.27 
5.75 9.68 
1+.50 12.82 
5.25 21.14 

.529 1.58 

.629 1.80 

.929 2.24 
1.25 2.78 
1.55 5.21 
1.85 5-45 
2.15 k.hs 
2.45 5.22 
2.75 6.05 
5.05 6.99 
5.55 7.94 
5.65 9-97 
5.95 10.16 
4.25 II.27 
4.55 12.42 
4.85 15.96 
5.15 15.60 
5.^5 17.88 
5.75 20.15 
6.05 22.89 
6.52 25.67 
6.62 28.17 
6.92 51.15 
7.22 54.91 
7-52 59.52 
7.82 44.65 

1.26 2.55 
1.47 5.07 
1.68 5.42 
I.89 5.86 
2.10 4.42 
2.51 4.87 
2.52 5.50 
2.75 6.10 
2.94 6.85 
5.15 7.45 
5.56 8.55 
5.57 8.99 
5.78 9-96 
5.99 10.80 
4.20 11.85 
4.41 12.72 
4.62 15.82 
4.85 14.99 
5.04 16.09 
5-25 17-27 
5.45 18.60 
5.69 19.96 
5.88 21.58 
6.09 22.90 
6.50 24.56 
6.51 25-86 
6.72 27.51 



-13- 

The air density p , as determined from the ambient 

h -3 
pressure of 50 cm.Hg. is h.63  x 10 gra cm . We now go 

to Appendix A, to the column for cylindrical shocks in 

a diatomic gas. The value of the parameter B is 5.9^' 

The time-radius equation is 

1 

t = 2 (^r)   R (A1) 

Since the parameter B,  the energy E, and the ambient 

2 
density p are all constants, a graph of R as a function 

0 

of time will yield a straight line with slope 

1 

"i » 2(—)   • (2) 
^0 

The measured slope of the straight line portion of the 

8  2-1 
curve in Fig. 1 is 1.99 x 10 cm sec . Upon solving equation 
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(2) for E, the energy in the shock is found to be 

1B2.5 joules cm  of wire length. Examination of Fig. 1 

shows that the data follow the straight line for only part 

of the shock trajectory. The positive curvature at the 

beginning results from the finite time of the delivery of 

energy to the shock during the explosion of the wire. The 

negative curvature later represents departure of the shock 

trajectory from the strong blast relation. 

After finding the energy in the shock the velocity U 

it any point can be calculated from relation (A3) 

u = (-L)V1. 
BOO 

(A3) 

por instance, when the radius is 3.93 cm the velocity is 

^     -1 
25.*)  x 10 cm sec  and the particle velocity immediately 

behind the shock front is 5/6 U, or 21.2 x 10 cm sec 
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The expression for pressure at the shock front is: 

P =7/6R-2l- (A],) 

7        2 
giving a value of 2.28 x 10 dynes cm" or 22.6 atmospheres 

at the radius 3-95 cm. At the radius 5-5 cm where the shock 

trajectory diverges from the strong blast relation the pressure 

is 12.6 atmospheres. 

Calculation of the temperature with expression (A5) gives 

a temperature of 1150oK at the radius 5.95 cm. 

In assuming the specific heat ratio Y to be constant, the 

effects of excitation, dissociation, and ionization have been 

neglected. These effects are such that they can decrease V 

to below k/3-    If for a given geometry of shock the value of B 

is available for several values of Y, the correct value of B 

could be estimated. Careful experiments could, at least in 

principle, determine the value of B experimentally by making 

use of equation (l) and the fact that quite precise values of 

the energy E can be known. 
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Figure 1. Oscilloscope traces of microwave Doppler measurements 
of the expanding cylindrical shock front from a wire 
explosion, are shown on the left. A plot of the square 
of the radius of the ionization front with time is on 
the right. The straight line portion of the plotted 
points represents agreement with the theory. This 
explosion was made in air at a pressure of 30 cm Hg. 
The energy released into the k  cm long, 18 mil copper 
wire was 500 joules per centimeter of wire length. 
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APPENDIX B 

Distribution Function Curves and Tables 

SPHERICAL   SHOCK  WAVE 

t • 7/5    NBS 

A>) ■ 0 0005  TAYLOR 

bPHtHlüÄL   b ■fUÜK   WAVt        y 7/5 
SPHERICAL SHOCK   WAVE                    X.5/3 

V f * * |           V f i * 
100 16666667 08333333 60000000 \            100 12500000 0 7500000 40000000 

0 98 0 9549 096 07985383 40659 380 1          096 1.074263 1 0.7205468 JI7I 1570 
0 96 08i3IOIS 0766404 1 2 8848390 1           0.96 0.93828 44 06922655 25506950 
Oyd 07 1452 36 07368696 2 1 197298 :         094 0.83 169 17 06652 500 2.078)4 30 
0 9? 06439796 07097627 1 599 7 640 Ü         0,92 07478278 06395580 1 71244 10 
090 05923293 06848413 I 232 1 970 0.90 0660 62 64 06152091 1,4251360 
0 88 05538214 0661631 7 09637 827 0 88 06270086 0-592186 5 1.1962 170 
086 05247000 064045BI 07624754 0 86 05634606 0.5704420 10114007 
0 84 05024335 06204610 0 606 1833 0 84 0 54 60 582 0,549903 4 0 8603 5 35 
082 04852673 0 6016 069 0 4878 446 0.62 0.51 90766 053048 15 07355092 
080 04719555 05636921 03926865 0.80 0 49525 46 0,5120760 0.63 12 6 2 4 
0 fB 04615936 05665425 03166384 076 04755976 0,4945907 0.5434 1 36 
076 04535121 0 5500 115 02553826 0.76 04593271 0.4779165 0.46878 20 
ü M 0 4472068 05339773 0 205 7 690 0.7 4 0.445828 1 046 19643 0.40493 20 
o rz 04422924 051 83392 01654446 0.72 0.4346 1 1 1 04466376 03499789 
o ro 04364709 0 5030'49 0 1326 136 0.70 042528 26 043 18549 03024476 
0 68 04355095 04879377 0 1058782 068 04175246 04175406 02611725 
066 04332247 04730534 00841315 066 0.41 10770 0,4036 2 78 02252206 

0 61 043147 16 04583 190 00664839 0.64 0,4057263 0.39005 59 0.1936360 
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CYLINDRICAL   SHOCK   WAVE 
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APPENDK C 

Blast Wave Distribution Functions and the    B    Integral 

SPHERICAL 

B-kv   ioCv^rj f +   2 
^ ^ f dTl 

df _  .. 
dH = f 

f [_3^ + cp (3 + i Y) 2Y92  ] 

d9 
dn = CD 

Y    f      2 

ill - 9 ] 

^ _ *'  _ ( .   (CP'  + 2 y/j)    1 

with    ^ = p 

where R = distance from explosion to shock front 

and   r = distance from explosion to intermediate point 

Boundary conditions at shock front 

f = 2_v   cp _ _^  t _ Y+l 
1   \+l '       1   Y+l '     1 '     Y-l 



-25- 

CYLINDRICAL CASE 

B = 2TT v^ITf+^),,^ 

df        - 
dH = f 

"2^   Ql-cp)    + Yep' 

- f _   (Tj-cp)2 t T 

dt 
9   = 

f    -  Y ^ 9 
Y ■ii   (''1 - 9) 

dt       (TTcp*  +cp)  'I' 
dTI "      (11 - cp)   l| 

with Tl, R and r same as spherical case 

Boundary conditions at shock front 

2Y 
f1 = Y+T 

CD 
1  Y+l 

1  Y-l 
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PLAWE CASE 

(        1 

V y(v-l) f    + 
*   CD 

dT) 

df _  „ _ f * 
dT]= f =T 

v cp + 2   (T] - cp) 

f-t   (Tl - 9)2 

dCP- cp'   - f'r j\l 

dV      j, '      t cp 

¥1 th M^   R and r same as in spherical case 

Boundary conditions at  shock front 

v 2Y 
Y+l 

V 
2 

Y+l 

* = Y+l 
1        v-1 

U.S.  (lOVKKNMKNT   IMtlNTINli  OKKICK:   1 !H;2 {)     fir»r.f)2!t 
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