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DETONATION PROPERTIES OF PENTOLITE 

ABSTRACT 

The hydrodynamic theory of detonation has been applied to determine 

the detonation velocity, pressure, and product composition and the 

isentropic expansion of the explosion products of pentolite.  Hydrodynamic 

principles were applied to determine the initial pressure of the shock 

formed in air after completion of the detonation and to calculate the 

pressure and velocity distribution behind the detonation wave. 
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SYMBOLS 

d 1/2 

c.       =      sound speed = (^—) 
op s 

D  =  detonation velocity 

E  =  internal energy of explosion products at (T,p) 

E  =  internal energy of explosion products at 300 K and 1 atm 
o 

E-E =  internal energy of explosion products 
o 

p = pressure 

£t} = chemical energy 

r = distance from point of initiation 

s = entropy 

T = temperature 

t = time 

u = mass velocity 

a 

specific volume (= 1/p) 

X      =  r/t 

t  =  u/x 

p  =  density 

dp 
= I   — ;  p,  = detonation front value of p 

I   pc     '1 

*1 

u/- c 
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INTRODUCTION 

According to the hydrodynamic theory of detonation the properties 

of the detonation front in an explosive are determined by the conditions 

of: 

(1) conservation of mass, momentum and energy 

(2) the Chapman-Jouguet hypothesis 

(3) the equation of state for the explosion products 

{k)    the distribution of the chemical elements in the explosive 

among possible molecular species of the product composition. 

Because of inadequate knowledge of the behavior of gases and solids at 

the high temperatures and pressures encountered in detonation processes the 

choice of a suitable equation of state presents a formidable problem. 

Several equations of state have been proposed by other investigators (for 

a brief summary, see Reference 1). The equation of state used here is 

the equation used extensively by Brinkley and Wilson (Ref. 2). With their 

equation of state, Brinkley and Wilson obtained reasonable agreement with 

observed detonation velocities for a variety of explosives. 

Pentolite has been used extensively in the experimental study of blast 

parameters (see Ref. 3 for compilation of blast data) and, therefore, it is 

of interest to determine the detonation characteristics of this explosive. 

The explosive 50-50 pentolite is a mixture of equal weights of the 

explosives PETN and TNT.  If a "molecular weight" of 250 grams for pentolite 

is assumed its chemical formula may be written symbolically as C^ npc Hs Q, 

N, p. On nj,.  Additionally, it is assumed that the detonation process gives 

rise to the reaction 

C(iHrNtOs = n1C(Hn2C02 + n^+n^OH + n^O + ngNRyn^O + nßN2+n Og   (l) 

+n10CHlf + nuC 



where for pentolite 

q = 5-825 = n
1

+n2+nio+nH 

r = 5-910 = 2n +n,+2n +5n^+4n 

t = 3.230 = ng+n +2nß 

s = 8.0^0 = n + 2np+n,+nI-+n +2n 

The distribution of the atoms among these molecular species (products) 

is determined by assuming several chemical reactions and the conditions of 

thermodynamic equilibrium. With these assumptions and the above atom-balance 

equations a solution, consistent with the conditions imposed by the equations 

describing the detonation processes obtained. 

The values of the parameters at the detonation front are used as initial 

conditions for the determination of the isentropic expansion of the explosion 

products. The data, thus obtained, are sufficient for the determination of 

the initial pressure of the shock wave formed in the neighborhood of the 

detonating explosive.  The results are sufficient to determine a progressive 

wave solution of the distribution of pressure and velocity behind the 

detonation front. 

CONDITIONS AT THE DETONATION FRONT 

Across the detonation front the usual conditions of the conservation 

of mass, momentum and energy hold. These conditions for u = 0, are: (see 

Ref. k) 

(a) poD = P1(D-u1) 

(b) v +0  D2=P-,+ p. I 
• - -o ■ O    -L  '1 

(c) En-E = AQ+l/2(— - —)(p +p ) 
1  O p    0,1  o 

(b) v +p  D2=P.+ 0. (D-u. )2 (3) •--00   1  lx  1 \ -^ / 

P   Pi o   1 

10 



where ^Q represents the difference between the heats of formation of the 

product species and the explosive, i.e., £Q = ITn.H. - H„    ., 
'     *-* i l   f, explosive 

The H. are given in Table 1 and H„ is taken to be 57.688kcal/250 l f, explosive -"       '   ^ 
g pentolite. The explosive pentolite in its condensed state, is assumed 

to be at rest, of density 1.65 g/cm and in air at one atmosphere pressure 

and 300 K.  In these Laboratories the normal loading density of pentolite 

is I.65 g/cm . 

Equations (3) are to be supplemented by the Chapman-Jouguet hypothesis 

which states that the detonation velocity, D, is the minimum wave velocity 

compatible with the conditions imposed by the conservation equations and 

the given initial state of the explosive. Equations (3),   along with the 

equation of state, determine a one-parameter family of solutions and the 

solution for which 

(*£)        =  ° ;  where v = l/p        (k) vdv „   . ,   v-v ' ' K        v ' Hugomot     o 

determines the conditions at the wave front (Reference k).    Equation (k) 

is equivalent to the Chapman-Jouguet hypothesis. Furthermore, it follows 

that D = u+c for a Chapman-Jouguet detonation (Reference k). 

EQUATION OF STATE 

The equation of state used here is the Brinkley-Wilson equation 

(Reference 2) viz., 

n RT(l+xeßX)    n RT F(x) 
P(v-nvs) = -£-_  = -JL_  (5) 

Sniki Where        x =  — (6) 
M(V-TJV )0T 

S 

$ = l/k,  ß = 3/l0> n is the number of moles of gaseous products, r| is 
6 

the weight fraction of the solids products, v is the specific volume of s 
the solids and the k. are covolume constants and are presented in Table 2. 

11 



Assuming that M = 250 grams and that the only solid product in the 

explosion products is graphite of density 2.25 g/cmy and that the volume 

change of the graphite is neglible, the form of the equation of state 

becomes 

p(V - l6/3 n±1)    = n RTF(x) ;  V = Mv (7) 

From thermodynamic considerations and equation (7) the equation 

for the change in internal energy of M grams of explosion products is 

10   r- -1        rT 

vE
0 

=5ZnilEi°(T) -Ei°(5oo°Kii + nn j (c°)   ,., 1=1        L -1 -^00        p      grapnite 

+ l/lui RTxe°-5x (8) 
rp 

where E1°(T) - Ei°(30Q°K) and J C ° dT are given in Table 3. The 

dT 

300        p 

entropy of M grams  of the  explosion products  is 

o /T-> 0/ r\ 

„ S.   (T) 10 *r^ 1 t—* 
-£- ni R >        n.   in — - n ■f—i       in c 

i=± 

82.054 n_ 
in 

, /■       0.3x      10  ..   ,0.3xx      ? ±r (i-3—A)  +ff    inT fQ) 

S. 10 
where -^- (T) is given in Table k and K = ^]    n.K..    Prom equations 

i=l 
(8) and  (9)  the Helmholtz function A = E - TS b £1 r* /"«TI ^ ti 

in 

A =   ]> ,  n.A.°(T)  + RT   T^  n.   in n. 
^—»     1 1 ~—s     1 1 i=l 

ngRT     [in x - i2 (l-e0"5*)     -  inv'K/RT5^) 

i* 



CONDITIONS FOR THERMODYNAMIC EQUILIBRIUM 

The general conditions for thermodynamic equilibrium are: 

(M)TjV = 0 (11) 

and 

"STv.0.     =    0     (constant T,V) (12) 
•^r-1 i' l ' 
l 

where 

—       X 

and where the v.'s are the stoichiometric coefficients of the reaction 
l 

under consideration. Now, from (10) and (13) 

0.  = A.°(l) + RT in n. + RT 

n_ RT k,/K + RT [in x i2 (i-3°*5x) - in (K/RT5^)] 
K 

+ n RTF(x) i & ) 
x '(STj 

and at equilibrium 

VvA = ° = T: r" v.(A.°(T) + RT) + RTS^v., ton.- n ■=->- 
v.k. 

^ 

+ j^n x - f  (l-e°-5x) - in K/RT^JCV. + ng p(x) ± £>. * 

Now -"Cv. [A.°(T) + RTI = - RT in K ,° where K .° is the ideal equilibria 
^—» l i_ l       -J pj       pj 

constant of the jth reaction and is dependent on the temperature. Thus, 

(15) can be rewritten as 

[In p/nF(x) + 10/3(e°-3x -l)]   £>. ^ 

n   -z. T^ V . k. 0.3x ^  i i , p + n xe *^—-— + ±—   >    vJv      —. g                         K RT   *-*   i s.,     i m. 
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If £. is defined by the expression 

r.    P       IQ,- o.jx --U^v.+n^xe  '   __ + B_£vHvs_ 
-  «-   / -    P      -LU/ U.)X ,7V 0.5x2 x l   P V" /-i^\ in s .= / ita —£,—r- + -^-(e   -lJ^: v.+n xe y    -— + |jjr> v.v  m  (17) j L  n F(x)   3       J^-ig K    RT^ is.  ,  v " 

then, from (l6) and (17) 

IT (n/1  = K°iJ= K (18) 1      PJ j  J 
i 

jth reaction 

which is the desired condition on the number of moles, n., in the jth 

reaction. Values of K . were obtained from the equation (Ref. 5) 
PJ H     v    Jl 

n fr   F°-E ^Y1 
AEo° 

'in KPj 
= "W" " ^l L-  rin" 1 !    (Jth reaction) 

F°-E° 
The values of - —T^T,"  and AE " were obtained from references (10 and 11) RT        o v        ' 
and the calculated values of K . are given in Table 5-  In the determination 

PJ 
of the chemical composition of the explosion product mixture the following 

reactions are assumed 

j=(l)j C02+ H2 = CO + H20 

j=(2): 2C0 = C + COp 

j=(3); l/2N0 + Ho0 = NO + H^ 

j=(4); 2H20 = 2H2+ 02 (19) 

j = (5)j 3^+ CO = CH^+ H20 

j=(6); l/2N„ + 3/2Hp = NH 

J=(7)i H20 = 1/2Ü2 + OH 

where the numerical values of j denotes the jth reaction. Hence, from 

equations (l8) and the reactions (19) there follows 

Ik 



Kl = nin5/n2n3 

/    2 

K5 = n7n3/n5n8- 
1/2 

/    2 
% " "3"9' "5 (20) 

S = nlOn5/n
5
2nl 

,     ^/2    1/2 
K6 = Vn5     n8 ' 

1/2/ 
Ky = nkn3  /n5 

and from (20) and the atom-balance equations (2) follows the system of 

equations for the determination of the n 's: 

■< .   i /-\ i \iv n 

n = ,       £=      where rT=2s-r+2n,+3n^+4n, rt-n,-2n„-^n^ 
1 W^ " D  -   o      J-vj    4       f       ? 

2 
n2 = n    Kg    , 

n3  = nlnM    ' 

n5 = r-s+ni+2n2+n7+2n9-2n5-3n6-4n10, 

n^ = n, l/n^;    YLr , (21) 

n    -^^   K 

n8 - l/2(t=n6-n7)   , 

2        /    2 
n9 = n5   Vn3 

n10 = VnlVn5 

nll = q"nl"n2"ni0 
L'ZL'i'iirN 

15 
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where n refers to the number of moles of CO,n the number of moles of C0o, 
J. 2 2 

etc. (See equation 2). 

The conditions at the detonation front are determined by solving 

equations 'O) ,{k) ,'\6),{"{) ,{o),   and (2l). To obtain the conditions at 

the wave front the Hugoniot curve in the neighborhood of the detonation 

point must be determined. The following iterative procedure was used 

to determine the Hugoniot curve.  Starting with any value of T^JOOO K 
(o)       (o)       (o) 

and appropriate values of p^  , V  , xK   ',   and n 's, consistent with 

the  atöm-balance equations,  the equation 

(AQ)(°L  f    n (o)e (T) ,   . (o)      0.99363(V-V M)       ,   . 
 ±=** i  = OA9680 x^e0,5* ^ 2      'P(x(°)) 

ng T V^l6/3 n^u>     " 

(22) 

obtained from equations (3),(7), and (8),is solved for V^ 'cm /25O g pentolite. 
T 

The symbol ej[(T) denotes E ° (T)-E.° (3Q0°K) for i = 1,2,.. .,10 and /c dl 
(1) - ■  1  ' 300 P 

for i = 11. p   is then obtained from the equation of state 

m 82.05*+ n (o)T F(x(o)) 

•p '■ vu). 16/3 ^10) ™ 

With these values of p  , V   and T, x- 'and n.'~''s improved values, 

'l) n.v ''s, of the n.'s are obtained by solving equations (l8) and (21) and 

x• ' is obtained from the relation 

(1)    10    (1) where K  = £  n.  k..  By increasing superscripts by one in equation (ll) 
1  1 {2S 

and improved value V" ' is obtained from equation (ll) and improved values 

of the remaining quantities are obtained as above.  The process is continued 

until the convergence criteria I p^'-p^-1'' ^ 10"a p^- ; { y-^'-V^ J"1M«10"a 

and [x^-Ji-1^  iO^x^ andin.'^-n^J-i^io-ßn.^) are satisfied. For 

these calculations a and ß are chosen such that 6 — a: —   ß £r 9• 
If, 



The converged values of p, V, x, n. and T determine a "point" on the 

Hugoniot curve. By assuming different values of T additional points on 

the Hugoniot can be determined by the above process. The detonation 

conditions are determined by locating the pointy p^ V and T on the Hugoniot 

curve which satisfies the condition that (-^)TT = ff~ fi where p = 1 atm, 
dV H  V-V        o 

3 ° 
V = l|jlO cm-/2p0 g pentolite and where the differentiation refers to the 

Hugoniot curve.  The computed detonation values are 

p = 231250 atm 

V, = 116,19 cm5/250 g pentolite 

T-, = 3367.7°K 

D = 7807 m/'sec 

Gehring and Dewey (Ref. 7), report experimentally determined values of 

p,= 2370OO atm 

and D = 7620 m/sec 

for pentolite of density I.655 g/cm" • 

ISENTROPIC EXPANSION OF THE EXPLOSION PRODUCTS 

In general, the explosion products are a mixture of gases and solids 

and when such a mixture expands isentropically the chemical composition 

will change due to varying equilibrium conditions.  In determining the 

isentropic expansion it is assumed that thermodynamic equilibrium exists 

throughout the initial phase of the expansion. 

If the expansion is isentropic then the condition that 

holds throughout the expansion. The subscripts mn and nu indicates that the 

chemical composition of the mixture at T-, may be different than that at Tp- 

The procedure followed in the calculation of the isentropic is to let T be 

the independent variable and to calculate the pressure, volume and equilibrium 

17 



composition at T. The starting conditions for the calculation of the 

isentrope are the detonation front values of T, p, and V. The detonation 

front values are indexed by subscript one,   i.e., p.. . V . T,,  x , n. 
-*-      -L      -i-      -L. X y  X 

i = 1,2,...,11. The entropy S (T ) of the mixture of explosion products 

is calculated from equation (9) and Table 6.  It is assumed that this 

value of the entropy remains constant throughout the expansion. If Tp 

is such that T, - 100 Z. T„ ~ T' the values of p, V and the n. 's at T~ 
±       — d ± i       d 

can be determined as follows. 

An approximate value of the equation of state variable, x, at T„. 

is obtained from equation (23) by initially assuming that the chemical 

composition remains invariant. With this initial assumption x?   is 

obtained by solving the equation 

in x2
(o) + 10/5(l-0.075x2

(o)) e°^x(0) = (±° - \ x^e 
U.)X 

1 + in x. 

5 T 
1 in ~ 1 

¥    IV 

11 
V* n 

n , 4-v  i,l g,l i=l  *    L 

-Sl°(Tl) - s^)" 
R 

(o) • and then Vp*
w' is obtained from the definition of x.i.e., 

("210 

T 1 
±1 

1 1 

With 

„ (o)   i=l ■*■■'■    ,16 
V  =   (o) „ 1/k    + T nll,l 

A2   i2 

Substitution of x " ', Vp
v~' and TQ into equation (7) gives PP 

these approximate values of x, p and V at Tp the values of K. are obtained 

from equations (l8) for each of the reactions (19) and then from equations 

(2l) the corresponding n. rs are obtained by iteration.  From equation (9) 

and the definition of x (6) equation (15) is obtained. 

10 
4.0132426Ö + ~ in G > (25) 

11 S. 
where    G = —    5~?   n.  ~ (T„)   - 

e    1=1 

11 -I—L 

X/U. 

v-ifi n " r i 

T^ 

+    328,216 

P(Vf ^ 3/H(Tx) 
£       - 1.3240442338 =• 

"g 2 
n 

18 



The above calculated n.*s, p_^ ',  and V    are used to obtain a second 

approximation to x2 from (25) and the Vp  , p2^ '  and n.^ '«s are obtained 

as above. This process continues until convergence of the values of the 

parameters is obtained. The values calculated at Tp thus represent a "point" 

on the isentrope. The calculation then proceeds from Tp to T, by the same 

process as indicated above. The expansion with varying chemical composition 

is continued until T = 18^0 K where it is arbitrarily assumed that for 

temperatures less than lßi)-0 K the composition remains frozen. The results 

of the computation are presented in Tables 6 and 6a and Figure 1. Table 6 

includes calculated values of 

1/2 

../ 

E - E (eq. k) 

CALCULATION OF THE INITIAL SHOCK PRESSURE IN AIR 

When an explosive is detonated the detonation wave travels through the 

explosive until it reaches the surface of the charge. Produced at the surface 

is a shock wave in air and a rarefaction wave in the explosion products. 

The shock wave moves outward into the air and the rarefaction wave travels 

backward through the explosion products. The explosion product - air 

boundary moves outward also but at a slower rate than the shock wave. When 

the wave is normal to the surface dynamical considerations require that 

pressure and mass velocity be equal across this boundary. The mass velocity 

in the explosion products at the boundary is given by (Ref. 4). 

A dp 
U = U-, + } — 

1  /   pc 
(26) pc , \      I 

where the subscript (l) refers to the detonation front. In air, the velocity 

and pressure are related by the Hugoniot conditions; i.e., 

u = u(p) (27) 

19 



The integral in equation (26) is tabulated in Table 6 and the condition 

(27) is tabulated by Shear and Day (Ref. 7).  Using these data, equations 

(26) and (27) were solved, graphically, and an initial shock pressure of 

67O atm was obtained. This value depends on the temperature where the 

composition is frozen since when the composition was frozen at 2390 K the 

value of p was 663 atm.  Sultanoff (Ref. 8) reports an experimental value 

of 8l8 atm. The accuracy of this measurement is uncertain since the method 

by which it was determined is essentially an extrapolation procedure and 

is dependent on the method of data reduction. 

Holt (Ref. 12) has calculated the initial pressure of the shock wave 

formed in air at the surface of FETN.  He reports a pressure value of 675 

atm. Jones and Miller (Ref. 13) give the adiabatic expansion of the explosion 

of TNT at a loading density of 1.5s/cm .  The data reported by Jones and Miller 

are sufficient to determine the initial pressure of the shock formed in air 

at the surface of TNT. The present author made approximate calculation from 

this data and obtained a value of 515 atm. 

PRESSURE AND VELOCITY DISTRIBUTION BEHIND PLANE AND SPHERICAL DETONATION FRONTS 

The specification of the conditions at the detonation front and of the 

pressure-volume relation during the isentropic expansion of the explosion 

products provides the data necessary for the determination of the pressure 

and velocity distribution behind the front.  The general problem was considered 

first by G. I. Taylor (Ref. 9) who applied the results of his analysis to 

obtain the pressure and velocity profile behind the detonation wave in TNT. 

Taylor assumed that the detonation velocity, D, is constant and that the time 

necessary to establish the detonation is neglible. With these assumptions 

all parameters behind the front are functions of \  = r/t where r is the 

radial distance from the point of initiation and t is the time given by 

R/D = R/(u1+c ) where R is the distance of the detonation front from the 

point of initiation. The equations describing the flow behind a spherical 

front are 

20 



dp + i, äP + « ^u -      2PU 

3t + U3F+ P3F 5T 

du       u ÖU _   _  c_    dp 
St Sr      "  p      5r 

and the condition that p, u, and p depend on X -  r/t is expressed by 

L(u; P; p) = 0 where L = 3^ + X 57 

Following Taylor and introducing the variables 

£ = u/\,     ty = u/c   and Z = £n\ 

equations (27) and (28) become 

» S n     f 2t-(l-0*2 rl — r,     r,  p I "-b \x b/ ■   -J 
ri.n  *-r 

d v 
az 

(51) 

d£  3£2- (1-pV 

^  (i-C;V-r 

, 2 p  dc where        f = ^ _- 
c 

Since R = D t and \ = r/t; there follows the relation 

X/D = r/R (52) 

Noting that Z appears only as a differential, dZ, in (20) its value may be 

taken as 

Z = in r/R (33) 

From (32) and (33) and the definitions of £ and t there follows the relations 

21 



U/u = i, r/n 

0 = c/D - | r/R 

Since c has been determined (Table 6) 0 may be taken as the independent 
variable by using the transformation defined by 

&   = . *t + SS. + „7. 

Thus, there follows from (31) 

dt = 2g-(l-Q»
2f 

^~ 0(1-6)+f 

d£ - 0(1-0 f* f (56) 

and where Z can be determined from (33) and (34) or from 

o.p 

^  0(1-05 +2f 
i;n 

The calculation of the above equations proceeds inward from the front 

where the initial values of Z,   O + 3Xl~ 0 sxe: 

u        u p 
t,= _± = JL—   = i . J2. = 0,23315 
-x    xx      u1+Cl      - Pl 

x    c,       p " '"-' 
1      'o 

0-L = c^D =  po/Pl = 0.76685 

Z = 0,  r/R = 1_ 

22 
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The solution of (36) is tabulated, in Table 7 äftd p and u/D are plotted 

versus r/R in Figure 2 and 3-  The particle velocity, u, becomes zero at 

r/R = 0.1+3 and the mass of the explosion products contained between 

r/R =0.43 and r/R = 1 is approximately 233 grams which is about 93 $ of 

the total mass of explosion products. 

For comparison, the particle velocity and pressure distribution vs. 

r/R behind a plane detonation wave are shown in Figure 2 and 3-  The 

results shown for the plane detonation wave are those which correspond to 

the physical model of a detonation wave traveling in a rigid walled tube 

closed at the end where initiation takes place.  If the detonation wave 

is planar then behind the front constant values of u, p and c travel with 

the speed u + c and u is given by 

dp ul +J = u 

where u, and p.. are, respectively, the detonation front values of particle 

velocity and pressure. The integral has been tabulated in Table 6 and thus 

u can be determined for various values of p and the corresponding values 

of p and c are known from the adiabatic expansion (Table 6). Thus, pressure 

and particle velocity are determined as functions of r/R = (u+c)/D where 

r and R are defined as before. 

For the spherical wave front calculations the chemical energy released 

when u = 0 is 1.162 kcal/g and the temperature is, approximately, 2390 K. 

The detonation front value of AQ is 1.109kcal/g and when the composition of 

the explosion products is frozen AQ is 1.186 kcal/g.  Since p and u are 

known (from 36) the corresponding values of E - E can be determined and 

the total energy, E, ., carried by the wave motion can.be calculated. Now 

total" kinetic  internal      where 

J (E-Eo)P(g)2 d(£yWj f 
o / o 

Ei„t - *#) <B-E0)p(gf «liA*
5» e(fM(J> 
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kin 
j | pu2(r/R)2 d(r/R)/^jp(r/R)2d(r/R) 

From the solution of equation (36) and the properties along the adiabatic 

the calculated values of E.   and E   are 1.06S kcal/g and 0.084 kcal/g 

and E,      1.132 kcal/g and the distribution of energy between internal 
uotax 

and kinetic is approximately 93 %  internal and 7$> kinetic. 

CONCLUSION 

The calculated values of the detonation pressure and velocity are 

231350 atm and 7807 m/sec respectively. Theae values agree to within 

2-l/2$ with the corresponding experimental values reported by Gehring 

and Dewey (Ref. 6).  The calculated initial pressure of the shock wave 

-PriT'mf^rl    -i r-,    niv    -?<-.    o"H*-Mi+    1 ft<i    1 ntTQy   +v.^^   QnlfonAff c    DYnorflraontol     Hpt OY»m-f ne>rt 

value of 8l8 atm. 

The chemical energy released at the detonation front is 1.109 kcal/g 

and when the composition is frozen the chemical energy released is 1.186 

kcal/g.  The total energy, E, , ,,   carried by the wave motion is 1.152 kcal/g 

and its distribution between internal and kinetic energy is approximately 

93$ internal and 7$ kinetic. 
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TABLE 1 

Heats of Formation, H. (cal/mole) 
L 

Chemical Specie 

CO 

co2 

«2 

Q 

H20 
NH3 

NO 

■RT 

"2 

°2 
CH,, 

idex, i H. 
l 

Reference 

1 26413 Q 

9 

3 0 9 

i, r\~7 f-Ci     <~. 10 

5 57802 9 
6 13469 10 

7 
I 

("1 

o 0 9 

9 0 9 
10 17904 1 r\ 
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TABLE 

Covolume Constants (Ref. 2) 

jecies Index, i k.c^ °K^ Vlfole 

CO 1 386 

co2 2 667 

\ 3 153 

OH **■ 108 

H20 5 108 

NH3 6 164 
NO 7 233 
N2 8 353 

°2 9 333 
CH4 10 Uoo 
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TABLE 3 

Ideai Internal Energies Relative tu 300 K (cul/mole) 

e.(T) 

Speclet 1        CO co2 "2 
on HoO NH7 

J 
no N2 °2 c\ c 

-tf- 

T°K el e2 
e . 

3 e4 3 % e7 
e8 69 

eio ell 

300 
4oo 
500 

0 

499-67 
1007.1 

0 
741.72 

1571-5 

0 
495-82 
995.60 

0 
511.32 

1018.3 

0 
611.11 

1242.0 

0 
691.37 

1455.3 

0 
514.70 
840.01 

0 
498.54 

1002.4 

0 
511. 

1043. 
46 
9 

0 
709.25 

1548.7 

0 

245.82 
564.45 

oGO 
700 
800 
900 

1000 

T rrtCi    ,-\ 

2065.5 
2620.7 
3192.8 
3780.0 

3432.4 
4441.3 
5491.2 
6575.2 

1 1, I-IT    r\ 

2000.4 
2507.2 
3019.6 
3539.0 

i [vie    £ 

2031.6 

2545.5 
3064.9 
3596.7 

1897•7 
2580.3 
3291.5 
4032.3 
4803.4 

121 I,    n 

5217.8 
4193-7 
5239.2 
6351.9 

1577- 
2134. 
2708. 
3300. 
3907. 

1 
r O 
4 
3 

2045.2 
2589.6 
3150.1 
3725.7 

iwu. Hr 
2179.6 
2778.5 
3393-8 
4022.7 

3648.2 
4896.1 
6257-5 
7727.1 

1366.2 
1826.1 
2311.8 
2818.2 

1100 
1200 
1300 
l400 
1500 

4380.3 
4993.1 
5616.2 
6248.0 
6887.4 

7687.8 
8824.9 
9982.7 

11157 
12347 

4066.6 
4603-4 
5150.5 
5707.9 
6276.2 

4156.1 
4685.4 
5249.3 
5820.9 
6404.7 

5604.8 

6435-9 
7295.6 

8162.5 
9094.9 

7515.4 
8752.5 

10072 
11435 
12842 

4438. 
5159. 
5797- 
6445- 
7099. 

5 
3 
8 
1 
8 

4315.1 
4916.8 
5529.3 
6151.3 
6781.6 

4662. 
5312. 
5970. 
6633. 
7307. 

9 
6 
6 
8 
8 

9290.4 
10938 
12660 
14199 
16291 

3340.9 
3877-2 
4424.3 
4980.5 
5544.1 

1600 
1700 
1800 

7533.4 
8185.2 
8842.6 

15550 
14764 
15988 

6854.8 
7443.2 
8040.8 

7000.1 
7600.7 
8212.3 

10031 
10989 
11968 

14273 
15731 
17192 

7761.u 
8425.6 
9091.7 

7419.2 
8063.2 
8712.8 

7986.0 
8670.2 
9360.2 

18188 
20124 
22102 

6114.2 
6689.3 
7267.9 

1900 
2000 

9504.2 
10170 

17220 
18460 

8648.2 
9264.8 

8835.7 
9461.1 

12965 
13979 

18683 
20187 

9769.4 
10445 

9366.8 
10026 

10056 
10757 

24117 
26159 

7849.4 
8433.5 

2100 
2200 
2300 

10840 
11512 
12188 

19707 
20960 
22218 

9889-5 
10522 
11163 

10100 
10742 

11389 

15010 
i6054 
17113 

21729 
23248 
24798 

10707 
11805 
12491 

10689 
11556 
12026 

11464 
12177 
12895 

28231 
50326 
32445 

9020.8 
9611.2 

10204 
2400 
2500 

12666 
13546 

23482 
24751 

llalO 
12465 

12044 
12704 

I8l84 
19266 

26359 
27942 

13179 
13870 

12698 
13374 

15618 
14347 

34560 
36732 

10796 
11394 

2600 
2700 
2800 
2900 

14229 
14914 
15601 
16289 

26023 
27300 
28580 
29863 

13126 
13793 
14466 
15145 

13372 
14039 
14715 
15391 

20358 
21461 
22572 
23692 

29512 
31092 
32666 
34225 

14558 
15255 
13952 
16649 

14052 
14732 
15414 
16097 

15081 
15820 
16564 
17514 

58906 
41086 
43284 
45494 

11994 
12595 
13198 
13802 

3000 16979 31156 15830 16075 24820 35807 17545 16783 18068 47715 14408 

3100 
3200 
3300 
3400 

17670 
18363 
19058 
19754 

32440 
33733 
35028 
36327 

16520 
17213 
17916 
18622 

16762 

17^55 
18155 
18850 

25958 
27097 
28278 
29400 

37^57 
39268 
40954 
42622 

18046 
18750 
19447 
20155 

17470 
18139 
18849 
19541 

18826 
19590 
20557 
21128 

499^6 
52181 
54431 
36685 

15016 
15626 
16237 
16850 

3500 20450 37627 19333 19556 30365 44314 20837 20234 21904 58944 17464 

3600 
3700 
3800 
3900 
Uooo 

21148 
21848 
22547 
23248 
23951 

38931 
40236 
41544 
42854 
44166 

20048 
20768 
21494 
22223 
22956 

20260 
20969 

21685 
22401 
23126 

31726 

32ö99 
54072 
35254 
36456 

46166 
47695 
49407 
51113 
52834 

21568 
22272 
22965 
23693 
24408 

20928 
21623 
22320 
23017 
23716 

22684 
25466 
24252 
25045 
25836 

61210 
63487 
65764 
68052 
70540 

18080 
18696 
19514 
19932 
20552 

4ioo 
4200 
4300 
44oo 
4500 

24654 
25358 
26063 
26769 
27476 

45480 
46796 
48114 
49434 
50756 

23694 
24436 
25182 
25933 
26687 

23840 
24576 
25308 
26028 
26771 

37624 
38816 
40012 
41212 
42414 

54559 
56276 
58010 
59699 
61419 

25114 
25831 
26543 
27260 
27975 

24415 
25115 
25817 
26519 
27219 

26652 
27430 
28232 
29036 
29842 

72631 
74931 
77236 
79530 
81843 

21172 
21793 
22414 
23036 
23658 

46oo 28184 52080 27445 27509 45620 63190 28698 27926 30650 84159 24281 
4700 
48oo 
4900 
5000 

26692 
29601 
30311 
31022 

33405 
54733 
56062 
57393 

262u6 
28975 
29746 
30520 

28252 

28991 
29744 
30491 

44826 
46o4l 

47235 
48475 

64874 
66636 
68555 
70095 

29415 
30139 
30849 
31572 

26630 
29336 
30042 
30749 

51462 
32274 
33088 
33905 

86477 
88765 
91110 
95434 

24905 
25529 
26154 
26779 

/. ', -11 - y  - p 
300 K 

dT 



TABLE 3a 

Ideal Internal Energy, E   - Eu cal/mole, Relative to 0~K 
300   o 

Ref 

CO 1489.2 10 

~~2 1658,6 10 

«2 1440.3 10 

OH 1523.8 U 

vT    r\ 1785.4 

NTT i~5 
1823.8 11 

NO 1610.9 11 

N2 1488.9 10 

u2 
llifll      K in 

CH4 I8I5.4 11 
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TABLE 4 

Entropy  (ideal)   S.   (T)/R 

Species CO co2 H2 OH H20 NH, 
5 

NO \ °2 CH, 
4 

G 

R R R 

S, (T) 

R 

S.-fT) 
5'   ' 

SAT) 

R 

S   (T) -r-, 
R 

S.CT) 

R R 

S   J'V) -ltr-' 
R 

~ilx-' 
R R 

300 23.782 23.727 15.726 22.106 22.722 23.201 25-335 25.U50 24.686 22.418 0.697 
too 24.792 27.085 16.732 23.134 23.894 24.484 26.385 24.060 25.714 23.728 1.055 
500 25.585 28.239 17•516 23.927 24.825 25.561 27•197 24.849 26.554 24.891 I.409 

600 26.245 29.247 18.158 24.575 25.069 26.527 27.875 25.502 27.227 25.971 1-755 
700 26.816 30.145 18.703 25.122 26.292 27.37^ 28.459 26.066 27.830 26,992 2.082 
800 27.323 30.956 19.177 25.601 26.903 28.159 28.979 26.566 28.366 27.962 2.392 
900 27.779 31.696 19.598 26.027 27.460 28.897 29.447 27.016 28.849 28.887 2.679 

1000 28.196 32.376 19.978 26.414 27.974 29.585 29.875 27.426 29.287 29.771 2.948 

1100 28.571 33.005 20.327 26.768 28.454 30.236 50.227 27.804 29.690 50.616 3.197 
1200 28.934 33-589 20.649 27.095 28.905 30.867 30.652 28.154 30.061 51.424 5.433 
1300 29.265 34.136 20.949 27.403 29.331 31.475 50.969 28.481 30.406 32.198 3-654 
1400 29.575 34.649 21.232 27.690 29-736 32.055 51.284 28.787 30.728 32.938 3.861 
1500 29.866 35.131 21.498 27.962 30.121 52.605 51.580 29.075 51.031 53.647 4,055 

1600 30.140 35.585 21.750 28.220 30.490 55.150 51.860 29.347 51.316 54.527 4.242 
1700 30.400 36.016 21.990 28.463 30.843 53.631 32.124 29.604 51.585 54.979 4.418 
1800 30.646 36.425 22.219 28.696 31.181 34.103 52.572 29.848 51.840 35.605 4.584 
1900 30.880 36.815 22.438 28.920 31.307 34.565 32.611 30.080 32.084 36.207 4.746 
2000 31.103 37.186 22.649 29.133 31.820 34.999 32.836 50.301 52.316 56.785 4.896 

2100 31.316 37 ■ 541 22.851 29.339 32.122 35.427 35.052 30.513 32.558 57 • 343 5.037 
2200 31.520 37.881 23.046 29.535 32.413 35.850 53.258 30.715 52.752 37-880 5.173 
2500 31.716 38.207 23.233 29.725 32.694 36.222 33.456 30.910 52.957 38.398 5.304 
2400 31.904 38.520 23.415 29.907 32.966 36.603 35-646 31.096 33.154 38.898 5.435 
2500 32.084 38.822 23.590 30.084 33.229 36.962 55-828 31.276 33.345 39-381 5.560 

2600 32.258 39.112 23.760 30.254 33.484 37.502 54.003 31.449 55-529 39-849 5.661 
27OO 32.426 39.392 23.924 30.419 35.731 37-634 34.174 31.616 35.707 40.501 5-777 
2800 32.588 39.663 24.084 50.579 33.971 37-954 34.337 31.777 55.880 40.740 5.887 
2900 32.744 39-925 24.239 30.734 34.204 38.258 34.496 31.933 54.047 41.165 5.994 
30OO 32.896 40.178 24.389 30.884 34.430 38.561 34.648 32.084 34.210 41.577 6.104 

3100 33.043 40.423 24.536 31.031 34.650 58.857 54.797 32.250 34.368 41-979 6.200 
3200 33.185 40.662 24.679 31.173 34.864 39-184 54.941 32.372 54.521 42.367. 6.295 
3300 33.324 40.8y4 24.818 31•312 33.072 39.477 33.079 32.509 54.671 42.747 6.391 
3400 33.458 41.118 24.954 31.446 35.276 39-753 35.215 32.643 54.817 43.115 6.476 
3500 33.589 41.337 25.087 31.578 55•474 40.030 55.547 32.775 34.959 43.473 6.577 

3600 33.716 41.550 25.216 31.706 55.668 40.301 35.476 52.900 35.097 43.823 6.657 
3700 33-839 41.757 25.343 31.831 35.856 40.554 35.600 33.023 55-253 44.164 6.748 

33.9°0 41.959 31.954 3o.04l 4o.8l4 35-722 33.143 35.365 44.497 6.833 
3900 34.078 42.156 25.589 32.074 36.221 41.062 35.841 35.260 35.494 44.821 6.914 
4000 34.192 42.349 25.707 32.191 36.397 41.304 35.957 55.574 35.620 45.138 6.995 

1+100 34.305 42.537 25.824 32.305 56.5696 41.544 36.070 33.4861 35.7441 45-448 7.065 
4200 34.414 42.721 25.937 32.418 36.7382 41.771 36.181 33.5951 35-8650 45.751 7.146 
1. -zr\r\ 34.521 42.900 30    r-oO 3o.^u;w- 42.003 

-1 /~    I-* n n 
2D. d.OO 33.7017 35.9835 46.047 7.226 

4400 34.626 43.076 26.159 32.635 37.0651 42.219 36.395 35.8059 36.0995 46.356 7.302 
4500 34.728 43-248 26.267 32.741 37.2236 42.436 36.498 55.9079 36.2132 46.619 7-377 

4600 34.828 43.417 26.373 32.844 37.5789 42.652 36.6OO 54.0077 36.3246 46.898 7-447 
4700 34.927 43-582 26.477 32.947 37.5313 42.853 36.699 34.1055 36.4558 47.170 7.525 
JIA/-V-I 35.023 1J. \"rj 

DC      C7H 
JJ . VM"U Jf .OCAJf 

1. 1    r*£^ 
36.797 34.2013 36.5410 47.435 7-598 

4900 35.117 43.902 26.680 33.145 37.8274 43.261 36.891 34.2952 36.6461 47.697 7-668 
50Q0 35.209 44.057 26.779 33.241 37.9715 43.453 36.984 34.5873 36.7493 47-954 7-739 
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TABLE  5 

Equilibrium Constants 

T°K K 
Pl 

K 
p2 

K 
p3 

K 
p4 

K 
p5 

K 
P6 

K 
P7 

1000 
1100 
1200 
1300 
l400 

0.6946 
1.0096 
1.3674 
1.7548 
£.x?0( 

5.8009 
9.0169 
1.9305 
5.2861 
1.7544 

(-2) 
1-2) 
:-3) 
-a 

7.4287 
3.0198 
6.6515 
9.1242 

[-15) 
'-13) 
-12) 
-11) 
-J.VJ 

7-5515 
1.7213 
1.6030 
7-4785 
c . ujtiy 

(-21) 
(-18) 
:-i6) 
:-i5) 

3.9207 
3.2934 
4.1665 
7.2288 
t     £r\i-\r J-,UV\JJ 

-2) 
!-3) 
:-'0 
:-5) 
'  ir\ 

5.9808 (-4) 
3.2391 (-4) 
1.9465 (-4) 
1.2582 (-4) 
Q  <^/-»I.O  /  ,-\ 
U.UCHU \~'JJ 

5.0979 
1.1702 
1.5962 
1.4622 
y.(ouo 

-12) 
'-10) 
:-9) 
-8) 
n \ 

-0; 

1500 
1600 
1700 
1800 
1900 

2.5719 
2.9875 

. 3-3943 
3.7928 
4.1740 

6.7776 
2.9714 
1.4406 
7.6216 
4.3311 

'-4) 

-4) 
-5) 

r- \ 

-7) 

6.0796 
3.3630 
1.5230 
5.8290 
-1 m,-S 

[-9) 
-8) 
-7) 
-7) 
-0; 

3.5633 
4.3858 
4.0267 
2.8990 
x • oy {j 

:-i2) 
:-ii) 
(-10) 
:-9) 
t     ON 

4.3570 < 
1.3948 
5.1155 ( 
2.0974 ( 
y.*?oj  { 

'-6) 
:-6) 
.-7) 
-7) 
-O) 

6.2218 (-5) 
4.6859 (-5) 
3.6479 (-5) 
2.9155 (-5) 

5.0815 
2.1515 
7-6855 ( 
2.3862 ( 
6.5811 

-7) 
-6) 
-6) 
-5) 

r- \ 

2000 
2100 
2200 
2500 
2400 

4.5405 
4.8871 
5.2166 
5.5292 
?.OlOO 

2.6088 
1.6551 
1.0995 1 
7-5837 
5.4320 

,-5) 
'-5) 
-5) 
-6) 
-O) 

1.5280 ( 
3.7319 
8.3923 
1 t-t>-tnr\ x. ( toy  \ 

r-6) 
-5) 
-5) 
-5) 

1. % 

8.3484 1 
3-5335 1 
1.3135 
4.3506 
1        7AQn 

:-8) 
'-7) 
'-6) 
:-6) 

4.6283 ( 
2.4306 
1.3516 
7-9536 ( 
1.  OOOcr 1 
M-.Uüü; 1 

'-8) 
-8) 

:-8) 
-9) 
-yi 

2.0088 (-5) 
1.7164 (-5) 
1.4906 (-5) 
1.3112 (-5) 
T  T ('On /  rl 

1.6410 ( 
3-7533 ( 
7-9481 ( 
1.5804 
2.9o22 1 

-4) 
-4) 
-4) 
-3) 

2500 
2600 
2700 
2800 
29OO 

6.0956 
6.3514 
6.5951 
6.8240 
7.0198 

3.9927 
2.9778 ( 
2.3015 < 
I.8080 

-6) 
-6) 
-6) 
-6) 
r\ 

-O) 

3.5299 
6.6648 ( 
1.1998 
2.0697 
-7  1. 1. r--7 

-4) 
-M 
-3) 
-3) 
-3) 

3.5965 
9.1665 ( 
2.1790 
4.8719 1 
X.U^Xt 

:-5) 
:-5) 
'-4) 

-I \ 

3.1387 ( 
2.0789 ( 
1.4280 
1.0066 
1  .«HJO 

:-9) 
-9) 
-9) 

:-9) 
-xu; 

1.0428 (-5) 
9.3506 (-6) 
8.4846 (-6) 
7.7591 (-6) 

1 .xxyc 1,-0; 

5.2861 
9-0150 ( 
1.4798 
2.3423 ( 
3.5940 

-3) 
-3) 
-2) 
-2) 

3000 
3100 
3200 
3300 

7.2219 
7-3965 
7-5732 
7.7111 

1.1962 
9.8419 
8.2396 
7-0315 ( 

-6) 
-7) 

:-7) 
-7) 

5.5292 
8.6464 ( 
1.3081 
1.9349 

-3) 
-3) 
'-2) 
-2) 

2.0740 1 
4.0079 1 
7.3848 ( 
1.3206 

,-3) 
,-3) 
'-3) 
:-2) 

5.3994 ( 
4.0697 < 
3.1374 ( 
2.4540 

.-10) 
'-10) 
'-10) 
-10) 

6.6133 (-6) 
6.1219 (-6) 
5.7536 (-6) 
5.4503 (-6) 

5.3515 ( 
7-7998 ( 
0.11033 
0.15360 

-2) 
-2) 

34oo 7.8711 b.üüiü -Y) 2.Y935 -2) 2.2703 1 .-2) 1.9466 -10) 5.1301 (-6) O.20883 

3500 
3600 
3700 
3800 
3900 

7-9921 
8.1299 
8.2363 
8.3456 
8.4211 

5.2732 ( 
4.5888 
4.0680 
3.6275 
3.2420 

-7) 
-7) 
-7) 
,-7) 
-7) 

3.9598 
5.4879 
7.4852 
0.10040 
0.13306 

'-2) 
-2) 
-2) 

3.8041 1 
6.1485 
9.7638 1 
0.15063 
0.22866 

:-2) 
:-2) 
'-2) 

1.5674 ( 
1.2849 ( 
1.0574 ( 
8.8352 ( 
7.4121 

-10) 
-10) 
-10) 
-11) 
-11) 

4.8792 (-6) 
4.6533 (-6) 
4.4245 (-6) 
4.2487 (-6) 
4.0706 (-6) 

0.28018 
0.36839 
0.47891 
0.61252 
0.77578 

4000 
4100 
4200 
4300 

8.5259 
8.6069 
8.678I 
8.7585 

2.9258 
2.6410 
2.4195 
2.2218 

[-7) 
;-7) 
-7) 
>-7) 

O.17279 
O.22271 
0.28288 
0.35520 

0.33739 
0.49034 
0.69984 
0.-98189 

6.3299 ( 
5.4264 ( 
4.7029 
4.0984 

-11) 
.-11) 
:-n) 
r-ll) 

3.9101 (-6) 
3.7728 -6) 
3.6288 (-6) 
3.5282 (-6) 

O.96766 
1.1955 
1.4618 
I.7707 

44oo 8.8059 2.0608 '-7) O.44252 1.3595 3.5940 '-11) 3.4106 (-6) 2.1293 

4500 
46oo 
4700 
4800 

8.8488 
8.8966 
8.9420 
8.9864 

1.9185 
1.7866 
1.6707 
1.571^ 

,-7) 
[-7) 
[-7) 
[-7) 

0.54616 
O.66617 
O.80702 
0.96849 

1.8585 
2.5008 
3.3308 
4.3674 

3.1580 ( 
2.8074 ( 
2.4994 
2.2481 1 

-11) 
-11) 

(-ll) 
-11) 

3.3070 (-6) 
3.2100 (-6) 
3.1142 (-6) 
3.0376 (-6) 

2.5377 
2.9991 
3.5264 
4.1103 

4900 9.0122 1.483*+ ;-7) 1.1565 5.6867 2.0220 1 -11) 2.y683 (-6) 4.7677 

5000 9.0397 1.4079 [-7) I.3670 7-3179 1.8314 { -11) 2.8842 (-6) 5.4935 

See U9)  of text. 
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TABLE 6 

Thermodynamic Properties of the Exploaion Products During Isentropic 
Expansion of the Wave Front in Pentolite at a Loading Density of 1.65 g/cm 5 

Keal Kcal JCcal 
T°K 

p 
atm X 7 p,g/cm c>iu/ sec -a,m/sec W —— 

g 
E - E ^-= 

0    g 
*Ffi 

3367-7 231347 3.5663 5.29 2.1516 5937 0 0 1.505 1.109 
3300 211480 3.2950 3-54 2.0942 5843 160 0.068 1.448 1.120 
3200 185228 3-1399 3.36 2.0129 5593 587 U.161 1.365 1.131 
3100 l6l740 3.0834 3.34 1.9351 5325 607 u.246 1.287 1.138 
3000 140602 2.9746 3.51 1.8535 5o44 826 0.327 1.211 1.144 
2900 121752 2.8643 3.26 1.7740 4761 1040 0.404 1.138 1.147 
2800 104783 2.7513 3.20 1.6935 4482 1255 0.478 1.067 1.150 
2700 89400 2.6336 3.14 I.61O8 4201 1472 0.549 0.999 1.153 
2600 75673 2.5125 3.07 1.5266 3926 1690 0.617 0.934 1.156 
2500 63369 2.3865 3.00 1.4599 3655 1912 0.683 0.870 1.159 
2400 52510 2.2562 2.90 1.3509 3382 2136 0.747 0.809 1.162 
2300 42987 2.1214 2.82 1.2596 3120 2365 0.809 0.750 1.164 
2200 34663 1.9811 2.72 1.1654 2863 2596 0.869 0.693 1.168 
2100 27503 1.8363 2.62 1.0686 2612 2835 0.927 0.639 I.172 
2000 21397 1.6862 2.50 0.9688 2367 5077 0.984 0.587 I.176 
1900 16272 1.5312 2.38 0.8661 2131 3528 I.038 0.538 1.182 
1800 12164 1.3742 2.36 0.7657 1969 5555 I.090 0.490 1.186 
1700 9024.6 1.2202 2.25 O.6728 1751 3818 I.136 0.444 1.186 
1600 6530.2 1.0655 2.15 0.5808 1563 4061 1.180 o.4oo 1.186 
1500 4600.6 0.9125 2.05 0.4911 1390 4308 1.222 0.359 1.186 
l400 3151.1 0.7642 1.92 0.4057 1230 4558 1.261 0.319 1.186 
1300 2090.3 0.6229 1.81 0.3256 1086 4812 1.299 0.282 1.186 
1200 1341.0 0.4924 1.71 0.2530 957 5070 1.33^ 0.246 1.186 
1100 828.4 0.3751 1.61 0.1891 845 5351 1.368 0.212 1.186 
1000 495.3 O.2760 1.52 0.1361 750 5593 l.4oo 0.l80 1.186 
900 283.1 0.1940 1.45 0.09357 667 5859 1.450 0.150 1.186 
800 154.3 0.1301 1.39 0.06088 598 6129 1.459 0.121 1.186 
TOO 79-35 0.0827 1.55 0.03747 539 64o4 1.486 0.0942 1.186 
600 37-95 0.0496 1.33 0.02161 486 6686 1.512 0.0685 1.186 
500 16.46 O.0276 1.32 0.01150 438 6978 1.536 0.0442 1.186 
400 6205 0.0139 1.52 0.00549 389 7283 1.559 0.0214 1.186 
300 1.673 0.0061 1.52 0.00233 359 7611 1.581 0.0003 1.186 



TABLE 6a 

Temperature,   Volume and Number of MoJ.es/2S0g Pervtolite of Each Explosion Product 
During Isentropic Expansion of the Wave Front in Pentolite at a Loading Density of 1.65 g/cm 

02 CH. C 

0.ÜO0 o.oou 1.673 
1.668 
1.669 
1.678 
1.695 
1.702 
1.711* 
1.727 
1.739 
1.756 
I.769 

0.001     1.781 
0.003     J--795 
0.006     1.808 
0.011     1.819 
0.021      1.826 
0.030    1.825 

T°K 
cm 

CO co2 H2 OH HgO NH, NO N v250gPentolite 2 

3367.7 II6.19 3.309 0.843 0.000 0.009 2.946 0.003 O.089 1.569 
■no   ^ft * ORE; O.872 . n my? 2.946 0.003 0.058 1.581* 

3200 121*. 20 3.255 0.901 - 0.005 2.91*6 o.ooi* 0.031 1.598 
3100 129.32 3.218 O.928 - 0.001* 2.946 0.005 o.oi6 1.601* 
3000 131*.88 3.180 0.952 _ 0.002 2.9^5 0.006 O.008 1.608 
2900 11*0.92 3.151* 0.969 0.001 0.002 2.9^3 0.007 O.OOl* 1.610 
2800 11*7.62 3.126 0.985 0.002 0.001 2.91*1 0.008 0.002 1.610 
2700 155.20 3.091* 1.003 0.003 0.001 2.938 0.010 - 1.610 
2600 163.76 3.065 1.020 0.001* - 2.933 0.011 - 1.609 
2500 173.63 3.021* 1.01*1* 0.007 - 2.927 0.013 . I.608 
2400 185.06 2.989 1.066 0.012 . 2.918 0.015 - I.607 
23OO 198.1*7 2.951 1.091 0.019 - 2.906 0.018 - I.606 
2200 211*. 51 2.903 1.121* 0.031 - 2.888 0.020 - I.605 
2100 233.95 2.81*1* I.167 0.048 - 2.862 0.022 . 1.601* 
2000 258.05 2.771 1.223 0.071* - 2.822 0.021* . 1.603 
I9OO 288.61* 2.681 1.297 0.109 _ 2.765 0.025 - 1.602 
1800 326.50 2.618 1.351 0.136 - 2.720 0.025 - 1.602 
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TABLE 7 

Flow Properties Behind a Spherical Detonation Wave in Pentolite 

At a Loading Density of 1.65 g/cm 

r/R 5 t u/D c/D atm 

1.00000 .233 .304 .233 •767 2.152 231350 

.99985 .2280 .2990 .228 .762 2.136 225970 

• 9978 .2139 .2852 .213 .748 2.094 211480 

• 9953 .2010 
i-,^.^1 

.^(£4 .200 • 733 2.053 197960 
.9863 .1892 .2604 .187 .716 2.013 185230 

• 9767 .1782 = 2488 .174 .700 1.973 173140 
.9644 .1679 .2374 ,162 .682 1.933 161740 
.9492 .1581 • 2259 .150 '.66k 1.893 150880 
• 9313 .1488 .2144 .138 .646 1.853 140600 
.9104 .1397 .2026 .127 .628 1.814 130940 
.8868 .1310 .1905 .116 .610 1.774 121750 
,8609 lOOC .1781 .105 .592 1.734 113030 
.8318 -1139 .1650 1.6y4 104780 
.7992 .1049 .1507 .084 •556 1.652 96879 
• 7639 ■0955 • 1356 .073 .538 1.6u 89400 
.7255 .0856 • 1193 .062 .520 I.569 82341 
.6841 .0748 .1017 .051 •503 1.526 75673 
.6592 .0626 .0824 .o4o .486 1.483 69323 
.5888 .0482 .0606 .028 .468 l.44o 63370 
• 5297 .0300 .016 .450 1.396 57778 
.4550 .0058 .006l I,« 1-351 52510 
.4300 .0000 .0000 .000 .430 1  XliO 51499 
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TABLE 8 

Flow Properties Behind a Plane Detonation Wave in Pentolite 

At a Loading Density of 1.65 g/cm'' 

D = 78O7 m/ sec 

r/H u/D c/D atm T°K 

i.0000 .23315 .76685 23155O 3367-7 
.96096 .21260 .74836 211480 3306 
.95071 ,19797 .73274 I9796O 3250 
.90004 .I856O .71644 185230 3200 
.86890 .16956 •69954 I73I4O 3150 
.83740 .15551 .68209 i6i74u 3100 
.80543 .14123 .66420 150880 3050 
•77549 .64612 140600 5000 
•74147 1 T *£9 .62785 130940 2950 
.70965 .0QQß7 .60978 121750 2900 
.678U .08611 .592Ö2 113030 2850 
.64908 .07495 •57413 104780 2800 
.61449 .05849 .55600 96878 2750 
.58265 .04456 .55809 89400 Onr\C\ 

.55092 .Ö3O62 .52030 82341 2650 

.51942 .01661 .50281 75673 2600 

.48797 .00242 .48555 69323 2550 

.48262 .00000 .48262 68280 2541.5 

35 



u. 
O u, 
2 

b o 
ÜJ Z 

>- x 
CO o 
i.i Q. So 
ÜJ 5 

to S3 
LU 
Q: a. 

—* o 

-J o 
10 

O»   <0 

QJ1 

o 
o 

o 
o 

o 
o 
o 
o* 
o 

o 
o 

o o 
o o 

o 

SUJtf)   «J 
36 



VELOCITY   DISTRIBUTION   BEHIND  THE 
DETONATION   WAVE 

(PENTOLITE   DENSITY      1.65  6/CM3) 

( 0*7807   M/SEC.) 
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PRESSURE DISTRIBUTION BEHIND THE 
DETONATION   WAVE 

(PENTOLITE   DENSITY       1.65  G/CM.    ) 
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