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ABSIRACT

This report summarizes the derivation of the equation of state of
B, Bs (Composition 'B' at density P =~ 1067) used in the most recent implosion
caloulations, and inoludes condensed tables of the in.xportunt variableso The
results of caloulations on various types of detonation wave mde with this equa=
tion of state are reportod, and compared with earlier calculations based om

¥ « law equationso
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In a fundamental report on detonation waves 1) y Ge Io Taylor has
given the theory of plane and oxpanding waves and the results for detonation
waves in THT, using an egquation of state for the explosive gesos found by dJoneso
In this report we give a brief account of the derivabion of the equation of

state used here in various numerical caloulations and of the results of ocaloulew

tions on detonation waveso

lc Egquation of Jtate

The first numerical calculations made on detonation waves used
a vy =3 equation of state for the explosive, and neglected changes of entropyo
E‘xperimeni_:s had indicated that this form was & fair approximation for pressures
of the order of the detonation pressure, though it wa.s .certainly in error at
lower pressures; furthermore this form waas well adapted to certain analytio and
somi-analytlc caloulationso

Subsequently, however, a desire for greater accuracy in implosion
caloulations led to the use of a somewhat more 'aocurat‘e equation of state. In
his report 2), Jones has caloulated the normal (Chapman-Jouguet) adiabatic for
certain explosives, ToN.T. at loading densities of 1.0 and 1.5 gu\/om3 s an@
Composition 'Bf at a loading density of 1o5; those were obtained by calculating
the composition and thermoéynamic proparties of the mixture of explosive gaseso

For the purpose of caloulating the convergent detonation wave in an
implosion the equation of state of Composition 'B' was required for a loading
density of 1067 gm/om3 and for a range of entropiss about normel conditionso

To obviate the necessity of making a fresh caleulation, analagous to those of

A

-’!GMS'.W/:

eee @ oo oee oo

Jones, for thesc cases, the foﬂﬁvdhgogertur&g.tiop method was used

.. Q.. ... ..0 .0. ..

1] Gils Taylor, Detonation "aves, A C_0630; BllQs
2) RC-3T71, B*l-éh?, and carliere *-egorhs-ﬂsf-aia, 'Rs-3069 *"
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The equation of state caloulated by Jones a certain adiabatic
p(vSy) where the subsoripty refera to conditions at the head of an ordinary
detonution wave in Composition B at a loading density Po =165 gm/c:m3 s At

the detonation front the internal energy E may be derived from the shock ocondie

tions
E(vy,5)) = 12 Py (vo = vy) (1)
and therefore aloang the adiabat;o v
- B(vy 8)) = (1/2) py (v5 - 7)) ojv pdv (2
1

FPor entropies &§ slightly different from S; we have

B(v,8) = B(v,8) + (5 = 8y) (3

Since Jones has given T along his adiabatic, so that (517’:\‘;) S is also k.ncwn,
the problem is solved when the entropy change (S - Sl) corresponding to the new
conditlions ig dotermined. .

~F§r the Chapran-Jouguet adiabatic the changes in v and S are detere
mined by perturbution of the equation of oconservation of energy and of the
Chapman-Jouguet condition, combined with equations (3) and (L)o However,
these conditions involve first and second derivatives of pressure and temperaw
ture at the detonstion front; these dorivatives are somewhat erratic so that
the direot application of these conditions does not lead to a satisfectory
resultc The values finally chosen were obtained by compromising with additionsl
oonditions derived from the experimentally determined detonation veloéity
(7,800 m/sec) and variation of detonation veloolty with loading density
(3,800 m/seo/gmen?) o These values corresponded to a Y - value equal to %<9,
8o that the detomation pressure vaaa,. -;207’3.m:~;'.»bara. : 'fhe new Choapman-dJouguet

sdiabatic was then caloulated ) ..;m f,or-;;;a]gg,(fc}. ,..1,119 primary points determintd

oo . -
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ere listed in Table 1 (ecf, Table 3 of Jones' paper). The remaining calculaw
tions, for higher detonatlon pressures, were then straigatforwerd.

The equation (4) is of the form

pe £y (vi4 88 £5(v) . (5)
A condeused table 3) of smoothed values of £3(v) and fz(v) i1s given in Table 2,
together with the equation of the lugoniot curve p= (v} that satisfies the

shoock oconditions.

For the caloulation of plane and expanding detomation waves we also

need the followlng gquantities,

o™= v m (6)
& a= J m av (7
fon (p/62) de2/ap (9)
The values of these quantities, caloulated for the Chapman-Jouguet adiabatic,

are given in Table 3.

The lowapresa\ire end of the adiabatic was represented by the empirical

formula

=102 o °
p a-.—.(v/vo) { 0007256 4 2 016 190 + 0s113LL megabars (9)

\/A4

This holds for (v/7v.) > 2.5; +

o= 005938 om3/g"

2« Plane Detonstion Waves

If x denotesthe distance travelled by the wave and t the time since

initiation, the pressure and velooity distribution in the wave ars determined by

the equations L
‘ut o = x/t

U - = constant ”MB,.ASSIHEB (ol

Complete tables are amilab-ls;opnapo.nsd ‘:«y:'che T8M groupo
See Taylor's roport or LA- e 3. s e

&y
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B T

These solutions are given in Table L for the above equation of
state and for ym3  (p = (16/27) 1:005/1) vi th same values of /6}11 o
The Pressure distribution*is also shown in Fige 1y together with thet caleculated
by Taylor for ToN.T. of density 1.51.

30 ‘kxpanding Letonation Vaves

The pressure and veleoocity distribution behind an expanding wave have
been calgulated as & preliminary %o the numerical integration of the air.blast
coning from a spherical charge of H.E. The equations determining the sqlutionh)

may be written in the forme.

wl‘r*

ay (12) et {2, -2 ) g } (12)

a6 .23 (1. §J2 .y (12)

Here z is the similarity variable

2 = log, (x/Dt) . (a3)

z

and E=ue”" ; y:u/c (1)
£ is the quantity defined by equation (B8), and is @ known function of &= § e?/ ¥o
The boundary conditions at z=0 are

E=1/r+1 ; p=1k (15)

The first atep in the solution was the preparation of a &smooth table
of values of £ as a funotion of ¢ 3 this 1s reproduced in Table 5. The
numerical integration was carried out with § as independent variable starting
from zo= 03 subsequently, vhen $  ‘became small, £ was used as independent
variable. It was found that§ and p~ became gero at. zx ik Oo7lL approximately so

that within the sphere =x/Dt == 0,478 the explosive is at rest at a pressure

of o0603 mb. The pressure and Plegdty ciatpidgbjons for this molutlon are

I I = B
i - URCLASSIFIED

®
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[ ]
L
L
E ]
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s aep = USSRy ==

given in Table 6, and for the Y= 3 equation of state in Table 7. The pressure
distributions in the two cases are illustrated in figure (2), together with that.
ogloulated by Taylor for T.N.T. of density 1o51.

Por the subsequent IBM calculations ii: wa.s desirable to luve the
hydrodynamic variebles listed as functions of %/Dt, where X is a Lagrangean

radial coordinate. It follows from the similarity hypothesis that

1/3
X l - x
w “(v?vo ; bt (16)

and this quantity is included in Table 5.

For starting the IBM caloulation it was useful also to have an expane

sion of the solution near =0 of the form
= 2 3
X/Dt l - &29 © RBQ < h@"" (17)
where o

The general formulae for the coefflclents ap are
Ro= ¥ /(Y + 1)
ay= / Y+ (£+2) (19)

(5 - 1) - | ( m )
a upI-——-—-l——a___ X 1l e
B swr 02 (04 2) G2

where Y, £ have their values at the detonation front. For the modifted Yones?
equation of state these have the walues
8p = 079592
a3 = 0513293 . ‘ (20)
."4-"' o 005
The I st coefficient is uncertain ona coount of the p* termo
Lo Convergent Detonation Vaves

The first osloulatijnc % cnvepggnt sjetonation waves were made with

o ees o -—

———

T . - — Ay i g PY
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the isentropic ¥ = 5 equation of state; these were reported in LA-143o, Sube
sequantly, another caloulation was made elsewhere, also using & v == 3% eguation
of state but admitting changes of entropy according to a perfect-gas law for the
Hugoniot curveyz this did not differ much from the former, and a comparicon of

the two solutions was mede in a report by J. Calkin, Lac262.

Later a new caloulation of the convergen-d: wave was made using the
mpdified Jones! equation of state and formed the basis for all recent implosion
caloulations (from IBM problem N onwards). The preparatory analytic calculaw
tions were reported by J. Keller in La-42l;, whioh also included comparisons of
the effeot of convergence for different vy - law equations of stateo

Complete numerical details of the calculation are available in IBM
problem No We include in this report Figy 3 and L to illustrate this solutiong
the former represents the variation of detonation pressure with radius of
sonvergence, and the latter the pressure distribution at a time ¢= »/2D
(whore a is the initial radius). compardtive ocurves for y -~laws have been taken

from La=L2l; and included in those figureso
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:.E .:E .E. ..:?-.E. .:.
TABLE 1
v - b UNGLASSIFIE
CmJ/gm dynes/ iom®
05110 1.6363 = 101}
0538l 105050
. o608l 1.0963
06823 . Bo12l, x 1030
07568 " 60017
08%35 LoLiLg
09151, 30253
1.012 . 2,302
1,138 1543
10331 ' 9ol x 107
1.451 60986
1.725 . L.790
. 20063 30233
‘24567 - 2,094
3.3L6 10323
‘fefgs 8o168 x 108
60 &2 - b@ 7&
103k 2,638
17.12 - . 1,407
30062 6.73% x 107
59096 20922
1314 1,151
33101 30723 x 108
10500 © el x1107
NGLASSIFIED
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v/'vo

<500
o550
+ 600
«&50
o T00
o750
(CJ) 0796
800
-850
<900
0950
1,00
1.50
2.00
2,50
500
10,0
2060
5050
100:0
20000
50000

1000.0
(L 9]

APPROVED FOR PUBLI C RELEASE

£ (¥)

o962l
07232
5579
U371
+3486
02677
22073
o203k
21685
ollyli2
01288
01140
03,66
Lo01296
2006871
1.626
5,610
20,204
€908
2.9L6
10,269
Le199
1,82l
0

Voa-

APPROVED*FOR PUB[Y C*REPEASE

Oo: ...TABIaE:Q .o.

megabars

fg(v)

2.114

1.738

1.507

1,260

1,048

o852

o693

6530

oSkl

olili0

0381

o348

239

o312

o051
x 107
x 10k

x 1055

x 10

0.5988 om3/gm

Lipre
03586
02702
52073

ONCLASSIFIED
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v, ¢/ /b £
(CJ) +796 07959 0 10.13
0800 o77h9 -00“02 10081
0820 06883 202199 7.66 .
o8L0 06365 003793 5058
<860 . 05996 205204 Lo58
09330 05720 «06589 3.63
«900 <5529 207851 2239
0920 «5L03 209053 1.70
0940 05326 «10206 1.19
0960 5272 011322 7%
0980 ‘ 25240 212405 ol
1,000 . 05219 01362 3L
1.10 05095 018381 066
1020 o1913 022741 ‘1,04
1030 NN «26582 o4k
140 olili05 029949 177
1.50 o132 03289l 1.94
1,60 23879 035477 1.88
170 03636 . 37758 247
1.80 03365 239760 2.8}
1.90 03122 ol1512 2:19
2,00 02892 043053 3026
205 2077 ohﬁhs
300 01723 05189
345 01502 o5L37
LoO 13554 5627
Lo »12420 5780
500 13717 25908
10,0 .08825 o660l
2040 207512 <7165
5040 06,95 «7903
100.0 : 05949 o823k
200.0 005493 03630
5000 : 204988 09110
1000.0 0LALS OLLL
= ' o lol137

D= 0,78 cm/psec
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10000
oFTE0
-862l
8037
07513
»7102
6785

. 06346

6040
05298
05010
«5000

APPROVED FOR PUBLI C RELEASE

Plane Detonation Wave (fixed wall)

e
[T X ]

Jones? Equation of State

A

"/

201
-2001
21821
01672
21517
01382
21256
01020
»0800
20203
0

o

¢/

(Cd) o796
780
o760
oTho
0720
0700
0680
0660
&40
o620
600
0580
o560
oS40
0520
0500
o480
o1460
olho
oli20
o400
2380
360
0340
0320
.300

APPROVED*ECOR P

24;002“‘

02011
2002
01340
01713
21608
01517
01}.(.53
1299
21178
08797
°07763

007768

TABLE §

Ye=3

“u/o

02500
#2380
01812
01519
01257
01051
20393
00673
00520
20149
00005

0

0

£

'110026

10.927
10,703
10.258
90457
8.327
7255
60488
5.828
50168
LosT72
3,862
2,986
1o72h
0.)81
00951

1.268} -

1.525
1.750
2950
24130
2.300
2,160
2.620
+24780
2.940

UBlY C*RELEASE

7r

22500
-2382
21873
o162
o1l52
01313
01206
21082
009967
208090
207430
007407
207L07:
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TABLE 6
x/Dt X/t Y v/p »?
1,00000 1.00000 «2041 02011
099756 099697 01936 - 01936
098821 <9854, «1819 01820
09602 «96206 01687 «1691
9371 92116 01533 A553
«3931L .87248 «1376 01410
«3L61 «819069 ' 01220 0128l
«80561, o77L60 - 21080 01194
077101 073549 T 00957 «109L0
o7L077 070158 «08Ly5 «10110
+ 67032 062856 «0578 008619
»60653 o56L73 00343 c07LLO
054831 050839 0158 006537
L9659 0445693 00031 005279
47688 olfy126 0 05932
0 0 0 05932
TABLE 7

Expanding Vave (y=3)

: 2
x/D% | u/D ] p/p D
1.00000 22500 02500
4 09”20 02'400 e 21400 4
°99963 02300 -23%00
099639 02200 02200
099197 ¢2100 02102
293599 02000 02004
096929 21300 01812
ILSEL 01600 01626
091L56 014,00 01)4149
87577 01200 21282
032920 01000 01127
o 77500 0800 009843
071329 +0600 «08555
64383 -0L00 007408
o56L57 00200 08,07
01536 0 005531
0 ) 05531
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