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RUBY CODI CALCULATION or DE'l'OHATIO• 
PROPBRTIBS I. C-B-B-0 SYSTEMS 

By 
Donna Price and Harold Hurwitz 

ABSTRACT: The RUBY code has been used to compute detonation 
properties for 23 solid high explosives (pure compounds), 5 
liquids, and several mixtures at loading densities of TMD (the 
theoretical maximum density) and 0.95 TMD. It was found that 
the'BKW equation of state parameters now in the code are adequate 
for many high explosives, but should be replaced by a recently 

• available newer set of parameters to ·obtain good agreement 
between computed and experimental result• for the largervari•~Y 
(in oxygen balance) of high explosivea. 

It is shown that the detonation properties of the solid 
mixtures can be computed from those of the pure components. 
A comparison is made between the energy release exhibited by 
burning and by detonation: they are of the same order of 
magnitude, and the limit of the release in confined burning at 
high pressure is the detonation release. 
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RUIY Code Calculation of Detonation Propertiea I. 
c-a-•-o syate• 

'l'he work of thia report vaa carried out under Taak RUNI 41-
000/212-l/r008-08-ll, Probla 013, lxploaive Bydrodynaaic 
'calculation■• 'l'h• work ahould be of intereat to acientiata 
conducting reaearch on exploaiv•• and detonation phenoaena. 

'ftle report itaelf i• a progre•• report on a continuing 
inveatigation of obtaining the moat acceptable computed 
value■ of detonation propertiea of high exploaivea by uae 
of the RUBY Code. Aa a reault of the preaent work, change• 
in the computational ach ... have been reco-nded. Subaequent 
report• will preaent reault• obtained after auch improv-nta 
in the code. 

R. I. ODBIIBG 
Captain, USB 
co-nder 

f.J.-~ 
By direction 

aa4~ 
A, LI~DY- ~~ 
By direction ~ 
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RUBY CODE CALCULATION OP DETONATION 
PROPERTIES I. C-B-N-0 SYSTEMS 

Over twelve year• ago, Christian and Snay computed detona­
tion parameter• for aome thirteen organic explosive• and their 
mixture• at five different loading denaitiea. At that ti•, 
digital computer• were not generally available, the work waa 
therefore carried out on de1k computer• and the calculation• 
1implified by the uae of arbitrary decompoaition equationa. 

In recent yeara, with the aid of digital computer•, a more 
refined method of obtaining value• of the detonation parameter• 
ha• been outlined by Cowan and Pickett•. A• in the earlier work, 
the Kiatiakowsky-Wilaon equation of 1tate waa uaed for the 
detonation ga1 product,. Although different co-volume factor• 
were uaed in the two ca1e1, the major difference i• the cogputa­
tion of the composition of the detonation products in equilibrium 
at the C-J pre11ure and temperature, an operation made practical 
by the uae of an electronic computer in the more recent work. 

Th• documented advance• in this field have extended the 
computational plan of Ref. (2). Two very similar codes•,• have 
been conatructed for the computation of detonation parameter•. 
Of theae two, the RUBY code1 was obtaine~ by NOL from the 
Lawrence Radiation Laboratory: it has been slightly modified and 
improved for use at NOL with the IBM 7090 computer•. 

Mader• has carried out machine computations of detonation 
parameters for five pure organic explosives and a number of 
mixtures at a single loading density. However, no one has used 
the present codes and techniques to make a survey of different 
pure explosives and their mixtures which has the scope and value 
of the tabulations of Ref. (1). The present report covers aome 
of the work in an effort designed to produce a reference manual 
of the best values that can be computed at the present time. 

The entire program has been planned to study, in order, 

(1) necessary modifications to the RUBY code for 
its most effective use in this work, 

(2) a study of a representative group of organic 
(C-H-N-O) explosives and their mixtures at 
high loading density, 

(3) a study of a selected group of organic 
explosives with varying loading densities, 

(4) revision of the code if results of (3) indicate 
the necessity, and 

1 
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(5) a atudy of more complex exploaivea auch u 
metallized exploaivea, fluorine containing 
compound•, and compoaite propellant•. 

Work on item (1) and the beginning of that on it .. (2) are 
being reported aeparately1 • The work reported here coapletea 
item 2 of the atudy. It• reaulta for pure organic exploaivea 
and mixture•, applicable in the range of 90 - 10°" voiclle•• 
den1ity, are expected to be immediately uaeful for two reaaonas 
(1) moat practical charge• have loading den1itie• within thie 
range and (2) it i1 in thia density range that theoretical and 
experimental reaulta are moat apt to agree. 

While thia report was being written, a 1econd and more 
comprehenaive report by Mader7 was isaued. Although it i1 not 
exactly the manual envisioned by the author,, it• re1ult1 will 
contribute greatly to the planned study and will conaiderably 
reduce the future work that needa to be done. Detail• of Ref. 
(7) will be discussed in the appropriate sections below. 

HIGH EXPLOSIVES THAT ARE SINGLE COMPOUNDS 
The explosives studied were selected to cover a wide range 

of oxidizing-reducing conditions: their formulae, molecular 
weight, oxygen balance and heats of formation are given in Table 
1. Table lA lists 22 solid organic explosives and Table lB, four 
liquids. Both tables are arranged in order of increasing oxygen 
balance, and each table contains one inorganic high explosive. 

The computed values of the detonation properties appear in 
Table 2. Each explosive has two sets of values shown as function• 
of it• loading density p0 • The higher p0 is taken as the voidleas 
or crystal density (TMD) for the material; the lower i1 95% TMD. 
Intermediate values of the parameters can be obtained by linear 
interpolation, and values down to 90% TMD may be obtained by 
linear extrapolation although no parameter is exactly a linear 
function even within this narrow range•. ·Of course, the 95% TMD 
value• for liquids in Table 2B are fictitious and hence bracketed. 
They are given to allow adjustments of the computed values to any 
future improved values of the liquid density at 2s•c: moreover, 
they can be used with the thermal expansion coefficient (if it is 
known) to obtain a first approximation to the density effect caused 
by a change in temperature. 

The detonation properties listed in Table 2 are pressure p 
temperature T, density,, exponent K, and two internal energy ' 
differences. The subscript j refers to Chapman-Jouguet conditions 
o refer• to the initial state at 298•K and 1 atm. 

The change in internal energy across the detonation front, 
Ej - B0 is, by the Hugoniot equation, 

Ej - E0 •(l/2)Pj (V0 - Vj) (1) 

2 
UNCLASSIFIED 

I 

• 

I 

• 

.. 



UIICLAIIIPIBD 
■0111'1l 63-216 

with •• taken equal to aero (P0 <<Pj). Here &t i• the iDternal 
energy of ue detonat1on product• a~ •1, Tj, bes ~ 1• that of tlle 
unreacted aploaive at 29a•x, 1 at■. 9 i• apecific volua. 
!be ch•ical energy (detonation energy, heat of detonation), 
6e, i• the negative of the change in internal energy fer the 
fictitioua cheaical reactions 

Explosive (T0, P0)--. C-J detonation product• (T0, P0). 

Her• 

6e • B
0

(T
0

,P
0

) - E
1 

(T
0

,P
0

) (2) 

where the subscript l refer• to the C-J products. In the 
code the detonation energy is computed~~ 

6e • -dH(T
0

,P
0

) + nRT
0 

• -dE(T
0

,P
0

) 

wnere n is the number of mole■ of ga• formed in the actual 
reaction: 

Since 

it is clear that 

Ej - E0 • !i (Tj'Pj) - E1 (T0 ,P0 ) - de (3) 

In other words, the change in internal energy aero•• the 
detonation front is the amount of energy nece■aary to raise 
the temperature and pressure of the detonation product■ from 
T0 , P0 to Tj, P; minus the chemical energy de released in a 
fictitious ~eaction carried out at 29e•K. 

The remaining property of Table 2, K, is called an 
exponent because of the aimilarity of its definition to that 
for the adiabatic exponent of a gas. Cowan and Pickett• define 
the exponent 1½ as 

1 ) p o' 1 K. • - • !:JC- -J ~ V S pj 
(4) 

where Dis the detonation velocity. By combining the hydro­
dynamic equations derived from the lawa of conservatiQn of ma•• 
and momentum and neglecting P0 , it is evident that 

p. - p ,,. (1 - 4, (5) 
J o Pj ✓ 
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mu1t al•o hold. Bence the exponent 11ay be evaluated by 

-1 . 
Kj • (1 - ~) -1 • o0 /(Pj - P•) (6) 

'rhil latter •thod i• u■ed in the RUBY code. 'l'he exponent It i• 
di1cu■1ed further in the appendix. 

In Table 1 the explo■ive• are arranged in order of increaaing 
oxygen balance to demon■trate the range con■idered in oxidation­
reduction compo1ition1. The 1ame order ha• been 11aintained in 
■ub1equent table• where it ■erve• to ■how in Table 2 that 
oxygen balance alone i1 generally u1ele•• in predicting even the 
trend■ to be expected in detonation propertie■• Within th• 
chemically related eerie■ of amino 1ubatituted trinitrobenzen•• 
(TNB, TNA, DATB, and TATB), however, the number of aubatituted 
amino groups effect• a corre■ponding trend in the oxygen balance, 
thua, within the aerie• the oxygen balance ■eem to indicate the 
qualitative trend• in the detonation propertiea, a• would be 
expected. Even here no quantitative relationship• appear. 
Table 2 al■o demonstrate• the relative insensitivity of detonation 
energy to loading density and the relative sensitivity of C-J 
pressure to this factor. 'l'he change• were respectively about 
1% and 10% for a 5% change in P

0
• Other parameter• exhibit 

••n•itivitiea between these extreme,. 

In Table 3 are listed the composition of the detonation 
products found. For the equilibrium products considered, 
carbon has been taken aa graphite rather than diamond or 
amorphous. Both the latter forms have been used by other workers­
particularly in attempting to make computations agree with 
experimental results for TNT, e.g., Refs. (1) and (5). If 
subsequent more detailed study with the code indicates the 
necessity of a choice of different forms of carbon, such a 
modification will be made. Similarly, methane has been retained 
as a possible product because it is found after detonation in 
calorimeters and because its presence is indicated by the thermo­
dynamic computations: some workers believe that methane formation 
i• ao slow that it should not be considered a possible detonation 
product. 

In the earlier work1 it was shown that only two minor 
components (NHa and CB4 ) need be considered with the major 
products (C, B1 O(g), CO1 , co, and N1 ) to obtain satisfactory 
values of the detonation properties of explosives up through 
PBTN,i.e., up to an oxygen balance of -10% to C01 • In material• 
of higher oxygen balance, equilibrium computations show that NBa 
and CH• disappear: minor components which then assume importance 
are oxygen and the oxides of nitrogen. These facts are reflected 
in the products shown in Table 3. In no case did atomic species 
or free radicals occur in significant amounts. 
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The increase in P; caused by increasing p
0 

from O.95 TMD 
to TMD is sufficient t6 ahow, in the data of Table 3, the 
effect of pressure on the soot reactions 

2 CO ;:t CO•+ C 

B8 +CO;:! H1 O(g) + C 

When carbon ia a product, the amount formed from the exploaive 
at the higher denaity (hence, higher preasure) i• alway• 
greater than that at th• lower. In general, the uoanta of S.O(g) 
and C08 are al■o greater although rever■al■ ■OMti•• occ:ur 
because of th• effect of th• vater-ga• equilibrium. Additional 
example• of the prea1ure effect on the coapoaition of the product• 
will be given later. 

COMPARISON OP COMPUTED VALU~ WITH 
EXPERIMENTAL RESULTS 

There is little point in comparing the computed values with 
all available detonation velocity, pressure, and temperature 
measurements. The hydrodynamic equations used result in ideal 
values of D and p., both of which can exhibit a diameter effect. 
(See Ref. (8) forJa discussion of these parameters.) Experimental 
data should therefore be selected from studies made on large 
charges, made with the diameter as a variable, and made with the 
best available instrumentation. An earlier discussion• of a • 
similar choice is still ielevanf:·· ··1t led to the selection of 
data measured at Los Alamos Scientific Laboratory (LASL). The 
LASL data cited in Ref. (7) will be used for the present 
comparison. 

Experimental values of D, P· (where available), and T· 
(where available) are given for iine pure explosives in T~le 4. 
Except for TNT and NM, there is reasonable agreement in D (3%) 
and P (5%) with the computed values in explosives of oxygen 
balance up to the C01 level. For the higher oxygen content 
materials, HN and TNM, the agreement is very poor. The temperatur~ 
measurements are too few and the agreements too poor to speculate 
on the inadequacy of the experimental method, the numerical 
treatment or both. 

In Ref. (7) Mader tabulates four sets of BKW parameters: 

a. those used in Ref. (6), 

b. those obtained by fitting experimental values of 
D and Pj for RDX at 1.80 and 1.0 g/cc, 

c. those obtained by fitting experimental values 

5 
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of TNT, and 
d. those obtained a• in (b) but choaen to 

keep (aP/aT)v>O. 

He made th••• computation■ with new co-volume■ he had derived 
for H9 0 and co,. Be then gave •ample COllpUtationa uaing each 
of theae four 1et1 of parameter■ • 

Table 4 li•t• the re1ulta only for ••t (a), that aet now 
in the RUBY code. They differ only •lightly* from the corre­
sponding values in Ref. (6) computed with the old co-volu•• 
and the same BKW para:leter1. Moreover, a• would be expected, 
they differ only •lightly from the value• of thi• report. 

Mader'• reaults showed that use of the BJQf parameters, aet 
(d), very much improved the agreement with experimental values 
for NM, HN, and TNM: for the last material, and presumably for 
other oxygen rich exploaives,the improvement was apectacular 
(a factor of 10 in per cent difference). 

Neither Mader's calculations7 nor those of Pickett• show 
the discontinuity observed experimentallyi 0 in the detonation 
velocity - loading density curve for TNT. No other low oxygen 
balance exploaive has been atudied a• carefully as THT, and the 
few data available for DATB11 are inconclusive on the existence 
of such a diacontinuity. TNT i• known to exhibit increaaing 
reaistance to the initiation of high order detonation with 
increaaing loading density: difficulty in initiating caat TNT 
and booster effects manifest in explosions of cast TNT are 
common experience. Although TNT does not exhibit the extre• 
"dead preeaing• phenomena of NQ, its behavior is sufficiently 
similar to indicate obvious difficulty in establiahing the 
steady atate reaction. Por theae reaaon1, it ia auggeated 
that such a diacontinuity i• evidence of the beginning of non­
ideal reaction, and that the preaent theory is applicable only 
to loading densities below that at which the diacontinuity 
appear•, i.e., below 1.53 g/cc for TNT. 

In support of thi• suggestion, TNT (P • 1.64) result• 
obtained with set (d) parameters gives D a&d P of 7.197 1111/u•ec 
and 213 kbar, reapectivelr: extrapolation of the low density 
portion of the o-, curve 0 , gives D of 7.100 nm/µsec and P1 
of 203 kbar (by adaing a con·esponding pressure increment ffom 

• It ia not clear whether the small differences arise from the 
new co-volumes or from considering a somewhat different set 
of product• in the two cases. 
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Table 1 to the meaaured Pj). The~ value for the extrapolated 
reault• ie 3.07. 'l'heae difference• are now a• amall a• thoae 
encountered in aome higher oxygen material•. Moreover, the 
meaeured and computad velocities in the present work for DATB 
and TATB seem to be in reaaonable agreement. Pinally, liquid 
TNT (p • 1.447) ahow• better agreement with aet (d) par-tera 
than with aet (c)'. 

If the suggested irregularity of reaction appear• at high 
denaity in TNT alone, or at high denaity in all high carbon 
exploeivea, it seems possible that aet (d) BKW parameter• can 
be used for all explo1ives, but reetricted to lower deneitiee 
in tho1e exhibiting atypical reaction of the TIT type. 

Values of the exponent K listed under •Experimental• in 
Table 4 are bracketed because they are not measured but are 
computed from experimental values of D and Pj• Thu• any 
experimental errors can be magnified in K. 

In Table 5 a number of experimental values of D, for other 
explosives than those of Table 4, are compared with the computed 
values of Table 2. Al though the measurements of Table 5 are 
considered less accurate than those of Table 4, the trend noted 
in Table 4 is confirmed. The higher oxygen content material• 
(TNETB on) sutely require BKW parameters of set (d). 

MIXTURES OP ORGANIC HIGH EXPLOSIVES 

It has been known for some time that most mixtures of 
organic explosives exhibit effects that can be predicted by 
simple additivity of the effects of each pure component 
(e.g., Ref. (15)). There was, however, a question of the 
applicability of the additivity rule to a mixture consisting of 
an explosive with an oxygen balance negative to CO (e.g., Tiff) 
mixed with another explosive of positive oxygen balance to CO 
(e.g., PETN). Pentolite 50/50 is such a mixture. On the baais 
of data available for pentolite six years ago, it was concluded11 

that rapid energy release phenoIMna such as detonation and 
fragmentation velocity would exhibit additivity whereas a long­
time energy release in a calorimeter would not. 

Since the earlier work, blast data for pentolite in N• have 
been obtained1 • and indicate straight additivity of the component 
effects in the relatively long blast phenomena. Subsequently, a 
calorimetric determination of the heat of detonation of pentolite 
was made17 : for this even longer term energy release, additivity 
also held. It follows that mixtures, with solid components of 
an oxygen balance nearly up to the co. level, follow tbe additivity 
principle. Consequently, it should be poaPlble to predict the 
properties of the mixture from those computed for the pure components. 

7 
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To inveetigate this possibility, RUBY wae ueed to compute 
the detonation properties for two cyclotol• and for pentolit• 
50/50: the reeulta are given in Table• 6 and 7. Table 8 ewaarize• 
computed data for the component• of the cyclotole, pentolite, 
·and an RDX/TFNA mixture reported in Ref. (7). Th••• data were 
ueed to predict mixture propertie• a• followes 

D • t xi Di (7) 

where i i• component index, xi• weight fraction. 
X -1 

p •(t..!...) or vj • t xivji (8) 
j i Pji 

J(j• po/(pj - po) (9) 

Pj• p O 1)1 / <1½ + 1) (10) 

Tj• t xiTji (11) 

Table 9 compares values obtained in the above manner with 
those computed by the code. It is evident that agreement ia to 
O.l~ or better in ~1: 0.2~ in D: 0.4% in JC, 0.7~ in P, and 1% in 
T. Although the enirgies have not been listed, they are strictly 
additive as are the products. In other words, for the explosives 
studied, there is no indication of interaction to produce 
products in the mixture differing from tho~e produced by the 
individual components. It follows that the properties of the 
mixtures can be predicted to 1% or better from the computed 
values of the components. 

Of course, the additivity treatment is inadequate when 
components interact as, for example, in the liquid mixture• 
of NM with TNM~. In this case, the detonation velocity of the 
mixture is greater than that of either component. No solid 
mixture exhibiting this behavior has been reported. 

PROPERTIES OF EXPLOSIVES WHEN BURNED 

Organic explosives are capable of a number of exothermal 
decompositions. All are of importance for safety considerations, 
and for consideration of the transient conditions involved in 
the build-up from burning to steady state detonation. For these 
reasons, the NOL code for propellant computations11 has been used 
to compute properties and products to be expected from high 
explosive burning at constant pressure. In this case, the heat 

• 

' 

of reaction is the change in enthalpy for the fictitious reaction: • 
Explosive (T0 , P0 ) --.deflagration products (T0 , P0), 
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6h • B
0

(T
0

,P
0

) - 8s (T
0

,P
0

) • - 6B(T
0

,P
0

) 

Table 10 li■t• cornparieon of computed energy releaae, 
temperature, and mnount of gas products for a group of representa­
tive explosives (a) detonating at 0.95 TMD and (b) burning at 
1 atm1 this table also contains the major deflagration product•. 
The trend in products formed va oxygen balance i• qualitatively 
the aame as that for detonation product1,e.g., leas carbon and 
more CO1 with increased oxygen balance. There are, however, large 
quantitative differences (See Table 3) attributable chiefly to 
the different equilibria at Pj and P0 • 

Themergy releaae in the burning (6h) i• of the aame order 
of magnitude aa that in detonation (6e), but aonaewhat amaller1 
for atmospheric pressures, 6h ranges from 0.S06e (low oxygen 
balance) to 0.65~• (O.B. of zero to CO1). Similarly, the flame 
temperature is of the same order of magnitude a■ Tj with a range 
of 0. 75 to 1.00 Tj • The total product gas n ranges from 1.65 to 
1.15 nj. 

It is seldom that explosives are burned at a pressure as low 
as 1 atm, possibly only when they are being destroyed by burning 
them in very thin layers. If they are used in propellants or 
are burned under confinement, the chamber pressure is perhaps 
100 bar and the confined burning pressures can be 5 kbar and 
greater. Increasing the pressure at which the reaction occurs 
will increase 6h and decrease n. In the limit, burning at Pj 
will produce the same products found for detonation at P·, 
because the equilibrium computations are independent of 111 
kinetic considerations. The two codes do !12.t. produce the same 
results because the ideal gas law (adequate up to ca. 0.2 kbar) 
is used in the propellant code whereas the Bl<W equation (believed 
adequate down to ca. 0.2 kbar) is used in the RUBY code. 
Nevertheless, Table 11 shows the trends to be expected as the 
chamber pressure is increased for six representative high 
explosives. In the detonation pressure range, the results are 
inexact because of the inadequacy of the ideal gas law: for the 
same reason they show insensitivity to 10 - ~5% changes in 
pressure within this range, and flame temperatures greater than Tj• 

Table 12 contains the results obtained, for most of the 
explosives of Table 1, when the detonation pressure is used as the 
chamber pressure in computing the results of deflagration. The 
differences introduced by using ·the ideal gas law rather than 
the BKW equation of state can best be seen by comparing results 
of Table 12 with those of Tables 2 and 3 .. 
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It cannot be emphaaized too strongly that the energy rel•••• 
of the burning exploaive ia of the •ame order of magnitude at that 
of the detonating exploaive. The great difference between burn­
ing and detonation i• the ~of energy releaae, thi• can differ 
by aeveral orders of magnitude•. However, a• the preaaure, under 
which the burning take• place, increase•, ao too doe• the rate 
of energy release. Thu• the high preaaure burning approach•• 
detonation as a limit in it• rate of energy rel••••• 

CONCLUSIOIIS 

1. Use of the RUBY code with 'it• pre1ent 1et of parameter•, 
BlOf set (a), results in computed detonation propertie• in 
reasonable agreement with the measured properties of aoat of the 
explosives studied at high densities. Exception■ are BM, TIPI', 
and explosives of high oxygen balance. 

2. Replacement of BKW set (a) parameter• with BIOf 1et (d) 
parameters will bring all but one (TNT) of the above exception■ 
into line. The exceptional TNT behavior ha• been tentatively 
con1idered evidence of incomplete reaction. 

3. Mixtures of organic solid high explosive• behave additively. 
Computed detonation properties of the mixtures, good to 1~ or 
better, can be obtained by an additive treatment of the computed 
properties of the pure components. 

4. The energy release in burning of an exploaive i1 of the•­
order of magnitude as that in detonation. The energy release 
in confined burning approaches the detonation energy aa a limit 
at high pressures. 

PUTURE WORK 

The results already considered make it evident that the BJOf 
parameters and co-volumes now in RUBY should be changed to the 
set (d) values of Ref. (7). After this has been done, •canning 
the D vs p curve of representative explosives will be carried 
out. The ixplosives, selected to cover a range in O.B. and alao 
to be those for which D - p0 data are or should be available, ares 

TNT 
DATB 

NQ 

RDX 

TNETB 

(Compare with Ref. (10) data at p
0

s_ 1.53) 
(Compare with Ref. (11) data and, if possible, 
additional points obtained at the higher denaitiea 
to demonstrate presence or absence of a discontinuity.) 
(Compare with literature values and Ref. (20)) 
(Compare with LASL data) 
(Compare with Ref. (21)) 

10 
UNCLASS IP IED 

, 



UllCLASSIPIID 
NOLTR 63-216 

(Compare with Ref. (22) and, if po••ible, extend 
diameter effect •tudy of Ref. (23)) 

Of the•e, Mader" baa reported acan• of RDX with Ht (d) 
parueters aa well as of BMX, PBTB, Tetryl, and PA. Be ha• 
reported only single result• at high denaity with aet (d) 
parameters for TNT and DATB1 hia reported acana for th••• 
exploaivea were carried out with aet (c) parameter•. Thu• of 
the material• selected, computations must be made for RQ, TIIBTB, 
RN, and possibly TNT and DATE. 

After acceptable agreement with experimental D va p alope• 
ia attained, the revi1ed RUBY will be uaed to obtain tabiea 
1imilar to Tables 2 and 3, and selected adiahata from the C-J 
point down. At the same time, Sexton1 " ia carrying out 
calorimetric determinations of heat of detonation for twelve 
explosives, these will be compared to both the numerical reaulta 
and the experimental underwater and blast measurements. 
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APPENDIX 

':OMMENTS ON THE EXPONENT K 

Since the sound speed c is defined by 

the definition of K may be written 

K PV 

A frequently used approximation for the internal energy of a 
compressed gas is 

PV 
E = -k-1 

It is possible to show that k•K under certain conditions. 
Rearranging lqn. {A3) giv~s 

P = (k-l)E 
V 

Considering the gas pressure as a function of E and V, 

dP - (=.?) dE + (af) av 
aE V >,VS 

Since 
dE = TdS - PdV 

(Al) 

(A2) 

(A3) 

(A4) 

(AS) 

(A6) 

Using Eqn. (A6) and evaluating the remaining partials from Eqn. 
(A4) gives: 1 

~ = - C~) s 
k-1 = P-

V 

or ca 
PV = k 

k-1 = P-V 

kP 
= v 

A-1 
UNCLASSIFIED 

+ (k;i)E 

+ 
p 

V 

(A7) 
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Since Eqns. (A2) and (A7) are identical, it follows that for 
explosives having all gas products 

K • k • 

K defined by Eqn. (A2) and k defined by Eqn. (Al) are the same. 

A-2 
UNCLASSIFIED 
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