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THERMODYNAMIQ FUNCTIONS
T oF L
- TNT.

By Mr. M‘, P. Murgai

Deteuce Science Organisation, Ministry of Defence, New Delhi.

The problem of caleulating thermodynamic functions of a high explosive
is really the problem of evaluating them for the complex assembly of product
gases, (for an explosive is no longer an explosive beyond a temperature of about
500°C") given by the explosive on explosion or detonation. In view of the fact
that the product gases have pressures and temperatures of the order of 10° at-
mospheres and 10 °K respectively, an appronriate equation of sate has to be
used for the calculations. I this paper the following equation of state in the
virial form, as used by Jones?, has been employed—

7

vV
Er = RT-+bp+op?+dp’

where V' and N’ are the volume and number of moles of the product gases ; b,
and d are the virial coefficients, which sre functions of temperature and of gas
composition. In the present calculations however they have been assumed to
be constants i.e. independent of temperature and the same for all gases. Their
values which have been determined by. comparison with experimental data, on-
detonation velocity versus loading density are®— ’

4
b=25-4, c=—0-104, d=2-33% 10

p being in units of 1000 Kg./om®. The composition of the produets at 15-9x
101 dynes/em? and 3400 °K, pressure and temperature respectively in the
detonation wave front ot TNT has been found out by Jonés?, assuming chemi-
cal and thermal equlhbrmm The number of gm. moles of different products

are——

Ng,=0-0035, Noco=-0626, NN,=1-50, Nm,0=1-10-

Ncr, =0-70, Neo,=2-45, Ne (Solid ca.rbon——a;ssumed; pgra,phite)-—_3~90.

This gives N’=5-82. The value of N” as also the gas compositicn changes as
products expand, till the equilibrium is frozen, and the assembly acquires a
constant composition. But here both N’ and gas compos1t10n have been taken
to be constant throughout.

Thermal energy E is the sum of two parts Ep and El, E, being ‘the energy
of gases if they wers all perfect, and E,, the correction due to imperfections at
high pressures, and at these pressures Eyis mamly dye to the forces to repulsmn
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between the molecules. Assuming Ep to be a linear function of T, its value

above that at room tempetature, for the detdnation products of TNT in K. cal/ .

mole of TNT is given by the expression Ep=0-0875T—26-25

E, is glven bv—Elzw(% cp~ —|—§ dp”) / mole of the' mixture, so that
E=0-0875 T—26-25—05-82 1/2 ep? + dp?)

By 1rtegra.t1ng the equation

dH—(M) ) + (4 ) ar

with the he]p of the equatlon of state, the total heat HTP in K.c als. at any tem-
perature and pressure, above T=300°K, p=1 atmosphere, is- gn en by the ex-
pression

Hrp=(Ep-+-5-82RT)1-5-82( bp-}—l cp2-+3dp3)—3- 492

In a similar way the equatior

() (B

gives an integration, the value of the antropy, above that at room condltlons in
K. cals./degree/mole of TNT. .

8rp=—RN" log-p+-0-0991 log T—0-5865 .
Other functions are s1mp]e well known comblnatlons of ' these—the ' WorL
function F=(E—-T8) and Glb])‘! free energy O=(H—TS). ;



THERMAL ENERGY E IN kil. cals./gm. mol. OF TNT.

114-4

T°K

P 4000 3500 - 3000 2500 2000 1800 1600 1400 1200 1000 800 600’ 300
1000 ) A

Kgfem2

[} i
’ ) | * .

200 .. 437:2 | 303.4| 340-7| 305-0| 262.2| 2447| 226-8| 2007 192.2| 174.7| 1572| 139-7| L34
180 .. 01| s85-a| sae| 2078| 2sa1| 2866| 2101] 2006| 1841] 1666 1491| 1317] 105°
0. .. ) aa] o sd|  s2ee0] 2se-2| 2a2e4|  2209| 2074| 180-9| 1724|159 | 1374 1199 | 9367
140 .. | 403-8 360-0 316-3 272-5 228.8 2113 193-8 176-3 158-8 | 141-3 123-8 1063 80-04
120 .. .| ssse| 3aoe| so11{ o574 36| 61|  1m6| 1611| 1436] 121| 1086 Lerm|  6e-se
100 .. 30| 2| 2855 2a17| 1980| 180-5| 1630 | 455|120 110-5|  93-97| 7541|4922
90 .. a65-3| a=1.6| 2m-s| 2se1| 1e0-3| 172-8| 155-3| 187-8| 120-3| 103-8| ss32| 67-84 | ' 41-57
80 .. 79| 342 210-4| 226-7| ‘1820 1654 .l4T0) 130-4| 129" 0541 181 60-41| 3416

0 .. ss10| 3072 268-5| 21947{ 17-0| 168-6] 141-0| 123-5| 06-0| s8-45| ,70-95| 5345|272
60 .. o a5 3008| os70{ 2133] 169-5| 1520| 1345] 170| 9951) s2-01| 6451 4701|209
50 .. . ‘339-2 g05-4| 2517| some| 1eaz| 67| 22| amr| eerr| e-er| se17|  arer| 152
40 .. .| sss.6| ese-0| 2461] 2024 1ss6| 1411 1236] 1061 ssee) 14| s2eaf 614 9-89

30 .. |7 8207} esjo | 2622 1984 1547|1372 119.7| 1023|8469 | 6719 | 4960 | 3219 5:94
2. .. 1 4| eser| 2ss0| ies2] 1814| 1339 16-4{ 80| sia0 6390( 4650 2890 265

10 .. . 324-4 | 280-7| " 236-9| 1032 149-4| 1319 06-94 | 7044 | 61-94| 4aaa| 26-94|/ 0.600




TOTAL HEAT H 1N kil. cals./gm. mol. or TNT. SR
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