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In a fundamental report on detonation waves
1) , G- I. faylor has

given the theory of plane and expanding waves and the resulhs for detonation

waves in TX.JT9using an equation of 8tato for the explosive gases found by Joneso

In this report we give a brief aocoun% Qf the derivation of the equation of

state used here in various numorioal calouktions and of’tho results of oaloulk

tions on detonation wave80

10 Equation of 9tate

The first numerloal oaloulations made on detonation waves used

ay=~ equation of state for the explosive, and negleated ohanges of entropy.

Experiments had indioated that this fosnwas a fair approximation for prefmros

of the order of the detonation pressure, though it was.certaiMy in

lower pressures; furthermore this tormwas well adapted to oertain

somidnalyt%o oaloulationsO

error et

andytia and

P
.

.

Subsequon’t~y@however. a ‘desirefo%’greater aoouraoy in implosion

oaloulationa le4 to the use of a somewhat more aoeurate equation 0S state. In

hi8 report 2), Jones has calculated the normal (Ckpman-Jouguet) adiabatio for

aertain oxplo8ives, ToN.T. at loading densities of 100 and 1.5 gs#ou# , and.

Composition ~B$ at a loading deneity of 105J these were obtained byoalculating

the composition and thex’modynamioproperties of the mtxture of explosive gaaeao

For the purpose of calmlating the convergent detonation wave in &n

implogiontho oquatloiaof state of Composition ‘Bf was required for a loading

density of 1.67 gm/am3 and for a range of entropies about normal oonditionse

To obviate the neoesaity of making a fresh ealeulation, analagous to those of
---

●** ●** ●m
Jones, for these case8, the fol%;~;~~per$w~t$o~method was used

● *..*O ● 9O●:* :00 ●o ...
●*

J) GQIO Ikylor$ Detomtionll@~e~=,o~ecS9 ~ Bl#@:
2) RC-371, B,L&7, and cml~qqor$;9F@-2~& ●R&3060

● * ● e ● ● ● *9
.** ●eo : ● *.
● O 9** ●

““ uNCIASSiFIFh
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Tho equation of state“ca~~u;atedby Jones a aertain adiabatic

p(vlf?~)where the subsoriptl refers to oonditions at the head of an ordinary

, detonation wave in Composition at a loading density PO =1~~ g~om~ ~ At

the detonation front the inter~~ energy E may be derived frOIUthe shook otmdi~

tiona

Mvl$sl) -

and therefore along the adiabatio

.
13(v~81)=

Vv 1

For entropies S slightly different from S1 we have

E(v,s]= E(V,S1)+T(S - s~) (3
.

(4)

Sinoe Jones has given T along his adiabatio, ao kkt (~d’+?)~l is alSO ~CX%

the ~oblem is solved when the entropy ohange (S - S1) corresponding to the n-

conditions i$ determined.

For the Chaprin.Jouguetadiabatio the ohanges in v and S are deter-

mined by perturbation of the equation of conservation of energy and of the
.

Chapmsn.Jouguetcondition, oombined with equations (3} and [~. HoweverE

these conditions involve first ad seooxIdderivatives of pressure and tempera-

ture a% the detonation front; these derivatives are somewhat erratio so that

,1

the direot application of these conditions does not lead to a satiafiotory

resultO Tho values finally chmwn were obtained by oompromiaing wtth additional

conditions derived from the experimentally determined detonation velooity

(?~a~ #seQ) and ~~iat~ofi’OF _detonationvelooity with loading density
,.. ,

.

(3s~ #$co/~Qm3) o ~e8e value8 corresponded to a Y - value equal to 3+0

I
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are listed in Table 1 (cf$ Table ~ of Jonesc paper]. The remaining calcula.

tionee for higher detonation pressures, were then straightforward

The equation (~ is of the form

(5)P= fl (v)+ AS f2(v) ●

A oondeneed table

together with the

shook oonditionuo

need the

!.

The

are

For the

3) Of tmoothedvalues of

equation &f the Iiugoniot

oaloulation of plane and

fl(v) and f2(v’)is given in Table 20

curve p= y’(v) that 8alA.8fie8the

ex~nding detonation waves we also.,

iv

values of these quantities, calculated for the Chapma~Jouguot

given in lkble 30

The low-pressure end of theadialxatio was represented by

{6)

(7)

(q

the empirioal

This holds for (v/vo) > 2e5j Vo= 005996 om?#gm e

20 PlaneDetonation Xaves

If x de~t~-the distance travelled by the ~ve

initiution,the prea8ure and velooity distribution in the

the equationa 4)
u+-o-SLx/t ‘)

and t the time eince

wave are determined by

3) Comp3ete tablw are availa~e;:p~pm;.xi:%y :~~e IBM group.
Q See Taylor’s report or MA.&.: ;. ~ :. ~ ~

●8m●:. ● *9 ●** :** ●* -2
●0 ●00 ● ●9****

—
● ** ● O* ● ***
● *** ● 9*O ● ———-
● **99 90* ----
● 8* ●0: ● 9*
●O ●**9.* ●*
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These solutions are given in T’able~ for the above equation of

state and for y_3 ,(P=E(lti27) DoC3/D tith same values of fiolD )0
B

The Pressure distribution is also shown in Fig” 19 together with that calculated

by ‘Taylorfor TON.T. of density 1~510

~. tixpandingDetonation Waves

The pressure and velooity distribution behind an expanding wave have

been maloulated as a preliminary to the numerical integration of the air.blnst. .-

coming from a spherioal oharge of H.E. The equations determining the solutionU

may be written in the form.

Here z is the similarity vuriable

z = log= (tiDt)

and $Zue-z ~ Y=u/C
.

f 18 the quantity defined by equation (f3)iand

The boundary conditions at zso are

~=1/y+l ;p= l/y

{n)

(12)

(13)

(M

(15)

The first step in the solution was the preparation of a smooth table

of values of f as a funotion of d j this is reproduced in Table 5. TM

numerioal integration was oarried out with S as independent variable starting

from %C o+ subsequently, vhen ~ baoame small, 8 was used aa independent

variable. ~twas found that~ and ~beaalne zoroat.~%’j~~~~hap~o~tdy
,

that tithin the sphere x/DtKO&76 the explosive is at rest at a pre8sure

APPROVED FOR PUBLIC RELEASE
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given in Table 6, and for the y= 3 equation of state in

distributions in the two’oaaes are illustrated in figure

TttblG7. The

(2), together

oalaulated by Taylor for T,LTO of density 10510

For the subsequent IBM oaleulations it was desirable to hive

pressure

with that,

the

hydrodynamic Variebles listed as funotions of zDt, wilereX is a Lagrangean

radial coordinate It follows from the similarity hypothesis that

and this quantity is Included in Table

k (16}

%

For starting the IBM oaloulation it was useful also to have an expam

sion of the solution mar z ==0 of the form

The general form@ae for the ooefficimrta a; are

where YO f have their valuea at We detonation frontO For the modified

equation of date thtase have the valuea

a~-oo?9j92
)

(20)

a _ . 0005b )

The bst ooeffioient i&iunoertain onaaoount of the pw term

40 Convergent Detonation Wve8
●0 ●00 ●O9 ● ●00 9°0

The first oaloulati~z& s~ &&&nt”~etonation waves were made with
●: 99* ●00 ●O* ●** .*

● ● ●00 .*9
.*. ● ● ● 9*9
●

● ●*:
● *D ● ● 99b : ● 0 ● ● ~. —.----- ,- —.,.L__

.:e:ecoc: ●● 0:
● O

‘%~(~$slF/~;
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● ☛ ● 9*
● *●00:
● *
● e :

● * 9*O
equation

● *m

:

:
● **

of
9*
\hese were reported in LA-1L30 Sub-

sequankly~ another calculation was made elsewhere, also using a yUR3 equation
,,

of state but admitting ohanges of entropy acoord!Lngto a perfeot-gas law for the

Hugoniot curve$ this did not differ muoh i’rom the forme~”and a oompari~on of

the two solutions was made in a report by J. Calk3.n, LA02620

Later a new oaloulation of the c~nvergent wave was made using the

modified Jonest equation of state and formed the ba8i8 for all reoen~ implosion

‘he preparatory analytic oaloula-
.

oaloulations (from IBM problem 3? onwards).

lxionswere reportedby J. bller inLA.@&

the effeot of oonvergenoe for different y _

Complete numerical details of-the

problem No \Yeinolude in this reporb Fig&

whioh also inaluded comparisons of

law equations of s%ateo

o&3.culationare available in IBM

~and ljto illustrate thia c+olut4.onj

the former represents the variation of detonation pressure with radius of

oonvergenoe, and the latter the pre8sure distribution at a time t= a/2D

(where a is the initial rad$us).

from LA.@ and included in those

Comparative ourvea for y ~laws have been taken

figures.

.
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TABLE 1

1
. . . v

-,

. .

o~ilo
Q53W
0(3)84
06823
07568
08535
09154

, 10012,.
10138’.-
10331

‘ 10491..”
lo72fj

.. 2.063
‘ 2.567

3.346
,, ‘ 4*G95 ‘

6,692-
.lo.~j
17012 ~
30*&
59096
13104
334~1
1050.4

.

P

dynes/ iom2

1.6363 x 1011
105050
100963
&X?& % 1(W
60017
4449
302CF5
2.302
1+43
90~ x 109
60986
$g;

2Lp4
1032~
80369 x 108
40760
2*638
1.407
60753 x lo~

● 0 ● *9 ● 9O ● ● **
● em o.. 9**
● * ● ● e● .*:9 ●:9*
● **

● 0 ● oe ●:0 ●0: ●:0 ●*●

2.*
1.Iu
3.723 x
9.460 x.
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.—

● ● ● *e 9**●*e ● ● ● ●*.
●

● ●°:
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megabars
I

v/v. S2(V) y(v)

.fjoo
0550
.600
.650
0700
07$j0

(CJ)0796
0 tmo
0850
egoo
095~

1000
Idjo
2000
Wp
5.0

1000
2000
~ooo

100.0
. 20000

qoooo
100000

w

.9@
07252
05579
b4371
03486
02677
.2073
02034
Olta$
Ow
.1288
onJ+o
o03/.&6

.001296
0006871

10&6 x 10-3
50610 x I(P4
2.204
60908 x Mr5
209&
X.269
40199 -6x 10
10824
0

2.114
1 .7!38

10507
10260
loo@3
0852
0@3
06!30
0544
o~o
03!31
03@
.259
053.2

.

005~

4612
03586
~2702
92073

VO a 0+98!3 om3/’

-. ---.
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v/v.
&

(CJ) ~~~

0820
084.0
.860
.930
0900

Om
0940
0960
098o

, 1000
1010
1020
1030
1040
1050
106O
1070
1080
1090
2000

s 2.5
;:;

400
495
%0
1000
20s0
50.0
10000
200.0
500.0
100000

j’

CA) W/J)

07959

07749

068El~

o@5
01jB6

05720

.5529

0~~9

P5326
05272

+j240
. 05219

oWYj

.k9~3
,~67k
04405
o~yi?
03879
.3636
~33@
03122
~2892
02077
Q3723
01502
o~35b
n121@o
on717

.08825
907512
.06495
0059&
oW4%

004988
.0.4645

0

0
.00402
.02199
003791
~0524&
.065!39
007851
009053
010206
011322
.1240cj
013462
018381
022741
.26582
=9@.@
03289i+
035477
~3775f3
o397~
.p2
o 3053
0k&5
051!39
05437
0562~
05780
05908
&cJ&

97.903
08234
A630
09110
094h4

14137

D= 0078 cm/wcIo

f

10013
10081
7*66
5058
p;

2;59
1.70
la19
075
405

●3k
066

“1OO4’
I.&.
1077
1094
1068
2047
2J34
2.49
3026

● ● *b9e* ● *D
● O* Omem
●
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● *O ● ● 9*

● : 9***
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.8037
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.6346
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TABLE 4

Plane Detonation Nave (fixed wall)

Joness Equation of$tete yz5L3

.2041.
02001
.1821
.1672
01517
Oly%?
w256
01020
p0800
.0203

0

0

C/%

(cJ) :;;:

o’i@

07&

0720
0700

0690

0660

.&o
420
04)0
0580
dj60
0540
0520,
0500
o~80
04&
0“0
04.20
0400
0380
Oyh
O?#!@
.320
.300

.2043
02002
01840
01713

01608
01517
01439
01299
01178
009797
007769

02500

P2~80
o1812
01519
.12q7
01051
00993

00673 “
00520
eoN19
CxxxYj

o
0

T%BLE ~

t’

s11.026
10.927
100703
10e2~8
90457
0dy27
7=55
60486
fjo82t3
50168
4+72
30862
2.986
10724
od+tll
00951
Ioi?tij “
1.525
~07q~
.)*9%3
2q13c)
2eylo
2460
2.620

● O ● *9 ● 00
● *9*
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1.00000

099756
.98821
.96902
.93n4
~;:3&4

.60564
07?~Ol

07bO?7
?67072
,60@
CJj@91
4X%9
01@88

o

Ir/’iM

1.00000
$ 4?9920

099969
099639
Q99~97
.93599
09@29
094544
09M#j6

J%77

092920

077500
0?1329
0643/33
056457

04~36
o
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XA)t o

1.Wx)oo
.cyJ$c)7
●99544
● 96206
.92416

dqQi$3

●819@

●77W

~73549
0?olcj8
.62856
.564?3

+0939
4Q5893

.s@26
o

u/D

.2041
01936
e+1919
.1697
.1533
●1376
01220
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