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Abstract: High energetic materials (HEMs) have been used in fuels, civil engineering and architecture as well
as military purposes such as explosives and propellants. The essential process for the development of new
energetic compounds is to accurately calculate its detonation performances. The most typical equation for
calculating the explosive performance is the Kamlet-Jacobs (K-J) equation. In the K-J equation, the parameter
such as the number of moles of gaseous products at the explosion, the average molar mass of gas products,
and the explosion heat greatly affect the explosion performance. These depend on the product composition for
the detonation reaction. In this study, detonation products of 65 high energetic molecules (HEMs) were calculated
from the various rules such as Kamlet-Jacobs, Kistiakowsky-Wilson, modified Kistiakowsky-Wilson, Springall-
Roberts rules to calculate more accurate detonation velocity (Dv). In addition, they were applied to five kinds
of detonation velocity equations proposed by K-J, Rothstein, Xiong, Stine and Keshavarz. The mean absolute
error and root mean square error of HEMs were obtained from experimental and calculated velocity value for
each method. The K-J and Xiong equation that is slightly complex showed a lower mean absolute error than
the simple Rothstein and Keshavarz equation. When the mod-KW rule was applied to the Xiong equation,
the detonation velocities were the most accurate. This study compared the various method of calculating the
detonation velocity of HEMs to obtain accurate HEMs performance.
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Table 1. Kamlet-Jacobs (KJ) rule

Priority Condition Reaction
2H+0 —
1 Convert hydrogen to H,O(g).
ydrog 20(g) H,0(2)

Use remaining oxygen to form COx(g). C + O, —
No CO(g) is anticipated. CO4(g)
All the nitrogen is converted to nitrogen
gas, Na(g).

1
N — §N2(g)

Table 2. Kistiakowsky-Wilson (KW) rule

Priority Condition Reaction

1 Convert carbon to CO(g).
Use remaining oxygen to form

C+0 — CO(g)

2 2H + O — H,0O
H:O(@). - RO
+
3 If any oxygen still remain, C(tae COOC;; cCoOrrzl(egs)
oxidize CO(g) to COx(g). from reaction(1))
All the nitrogen is converted to 1
4 nitrogen gas, Ny(g). N-— ENZ(g)

C(s)Z A4 E+&= whHel, Kistiakowsky-Wilson (KW)%
£ 772 ¥ Springall-Roberts (SR)FE T2 A A = W&
=0 Yt fA Akt vkl Co(g)E sk
ol A qtF o] zpel 7} e}, B KIS mod-KW
13 7 HAR T shs Bl tel7E e,
KIFEFH AN E CoxgE BHA71TL CORE A

Table 3. Modified Kistiakowsky-Wilson (mod-KW) rule

¢ b-2d
§N3+dH30+aC+( 5 )H:

d b
EN +2H0+(2 4)602 ( 57)6

N+ 2H,0+ac0,+(2-2-2)o
PR R A VI I b

Fig. 1. Block diagram of Kamlet-Jacobs (KJ) rule.

AAFIA e WhAl, mod-KWHEF2 oM E CO(g)
S AAAZIAL 2 FE 2 B§AR COxeE A
Itk KW SREEF2 9] Aol F 3 BT 2W

A AR A sE AFES H0@% COx(g)
2 o}, 1 o]F SRTFES CO(g)E COx(g) C(s)
2 Al g 2y A S xFgsly Ao ZE

TR AaE NyE A
Zzke] F2 A FE ol wet A B 240 4%

S, o]ol wWet N, My, 1 ohet 7k gz 4
AT} Mg o) ARIARRE D QE AVT 5
otk mebd K-J EusEae] teshe] 7 S8 &

B A HE 655 2ol A =2 g k&

Priority Condition Reaction
1 Convert hydrogen to HO(g). 2H + O — H,0(g)
2 Use remaining oxygen to form CO(g). C+0 — CO(g)
. . - CO +0 — CO
3 If any oxygen still remain, oxidize CO(g) to CO,(g). (the CO(g) comes from 2r(ega)ction @)
4 All the nitrogen is converted to nitrogen gas, N»(g). N — %Nz(g)
Table 4. Springall-Roberts (SR) rule
Priority Condition Reaction
1 Convert carbon to CO(g). C+0 — CO(g)

2 Use remaining oxygen to form H,O(g).

3 If any oxygen still remain, oxidize CO(g) to CO,(g).
4 All the nitrogen is converted to nitrogen gas, Ni(g).

5 Convert one-third of the CO(g) that is present to CO,(g) and C(s).

6 Convert one-sixth of the CO(g) that is present to HyO(g) and C(s).

2H + 0 — H,0(g)
CO + 0 — COx(gp)
(the CO(g) comes from reaction(1))

1
N — 3 Na(g)
Lco - Leoyg + Lew)
3 6 6

1 | 1 1
- + -H, - H, -
£CO + 2 H, — 2H:0(e) + 7 C(s)
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Fig. 2. Block diagram of Kistiakowsky-Wilson (KW) rule.
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Fig. 3. Block diagram of modified Kistiakowsky-Wilson
(mod-KW) rule.
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Fig. 4. Block diagram of Springall-Roberts (SR) rule.
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Table 5. Empirical equations for calculating detonation velocity in this study

Literature

Empirical equation®

Kamlet and Jacobs' Dv(km/s) = 1.01[N" MMQ

0.25 10.25

(1+1.30p)]

Rothstein® Dv(km/s) = (F—0.26)/0.55

Xiong’® Dv(km/s) = 67.6Q" +243 2wp

Stine'? Dv(km/s) = 3.69+p(-13.85C+3.95H+37.74N +68.110+0.6917H)/ MW
Keshavarz'! Dv(km/s) = 1.6439+3.5933p—0.1326C—0.0034H +0.1206N +0.004420—0.2468X

?p, density, N, moles of detonation gases per gram of explosive; M,,., average molecular weight of gases; Q, heat of detonation.

nO) +n(N) -+ =5

nd) _ n(A) n@B) n(C) n(D) n(E)

R

Q, heat of detonation; F =| 100x

W, potential energy, w = zNiKi/MW

MW
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Table 6. Performance comparison between different methods
for calculating detonation velocity (Dv)

Dv equations Stoichiometric rules MAE RMSE
KIJ 0.239 0.331

Kamet-Jacobs KW 0.302 0.382
mod-KW 0.302 0.375

SR 0.335 0.419

Rothstein - 0.943 1.454
KJ 0.213 0.285

Xi KW 0.488 0.621
1ong mod-KW 0201 0271
SR 0.342 0.646

Stine - 0318 0.582
Keshavarz - 0.872 1.331
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