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Theoretical calculation of the parameters influencing on the performance of high
explosives

Sangki Kwon"

ABSTRACT ' In order to determine the performance of an explosive, various parameters such as the detonation pressure,
detonation velocity, heat generation, and fume generation of the explosive should be accurately described. In this study, the
pressure increase, volume expansion, temperature increase, and detonation velocity of high explosives were tried to
determined theoretically based on thermochemical theories. From this study, a Fortran program for calculating the explosion
parameters, which can influence on the performance of explosives, was developed and applied to the high-explosives,
ANFO and NG.
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Fig. 1. Explosion process in high explosive.
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Fig. 2. Variation of temperature, pressure, density and fraction reacted in reaction zone (after Rinehart and Pearson,

1963).

A
r High order
Detonation

Intermediate order
Detonation

;

—

Time

Fig. 3. Pressure-time profile for explosive reactions.

7}2) eH(Rinehart and Pearson, 1963).

Fig. 3 3}3hd Ho] 22 Zofoll A Zq) e F3Yo)
WS o) A Zholl w2 o) WEE HFa vk
Ze A9 ule g2 A7 el s}l Y =
3 X YA T gEHoR ZaHE RS ol £
ool 79 ot el Frbuh AAE] dolurl. Fo B
off W} i gdoll= Zol7k LRI HEHA oHHL

0 Detonation {High explosive)

VoD \
i
I
t
i
i
I
'
1
|
;
!
i

W
v
1

Transition from
Detlagration to
Detonation

Defiggration

Initiation
{Low explosive)

4

Fig. 4. Explosive deflagration versus detonation and
transition from deflagration to detonation (Cook,
1958)
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Zoko] Wh-4]& k7] YalAl e 94 Foke 3e)
ZA 0 2Re] FARL] E £ Aol #v} e
Table 1% AN(NH,NO,) 94%, ¥ Ef(CH,) 6%%2 H]
2 ZFH 1002 ANFOIA S FAYLS & ¢
AlAbete AE HojFgl

ANo®] 94%0]3 A8 {7} 6% olB R

C,=7.1276 X 0.06 = 0.4277

H, = 4.997 X 0.94+14.255 X 0.06 = 5.55
N = 2.498 X 0.94 = 2.348

0,=3.748 X 0.94 = 3.523

222 3 i34 e 94
Table 2 ol Al B A3 7o) C, H, N, 098] 240
el Al = AU 4SS T oln] HER
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0,-2(C0,)- (CO)-(H,0)-(CH,0H)-2(CH,0,)
-2(0,)-(OH)-(NO)-(0) =0 3)

C,-(CO,)-(CO)-(CH,)-(CH,OH)~-(CH,0,) =0  (4)

uk-2-4| 0 2 BEl H,, N,, CO, CO,E 71 & BEAZ v
E BAEE o5 7| EEA e T2 TG, o] Fo]
T RBAR AFEEE o]z olF BB W) v
o W et E 9] 71 EHRE Egslka
g A% 533 ey fiEo o EAES FTH s
g a7t W Folch

(H,0) =K,(H,(C0O,)/(CO) (5)
(NH,) = (F/K(N,)"(Ho)"? (6)
(CH,) =K, F(H,'(CO)"/(COyp )
(CH,OH) = (F/K ,)(H,)’(CO) ®)
(CH,0,) =K,,F(H,)(CO,) )
(0,) = (KJ/FYCO HCOY (10)
(OH) = (K,/F"*)(H,)*(C0,)/{CO) (1
(NO) = (K/E*)(N,)H(C0O,)/(CO) (12)
H) =X /E)H)"” (13)
(N)=(Ko/F")(Np)" (14)
(0)=(K,/FXCO,)/(CO) | (15)

714 K& 844 (Equilibrivm constant)el3L F

EAE A ek O sl dhg42 38EA] @ & Fugacity ©)th Fugacity® o431 7k2oll w8l &)
o dhSoll BAIFEE EAES TS 2R F AR 2ol dis] BYS] fal 2 sk MWl
(Material balance equation)& 74 3H 5l ANFO 1 AEE 93387 g8l ML B\ x, x, Xy, X,
9} o) H, N, O, CE T4 =& T¥9 ¢ 45 & =¢Yd
AN e ohga} ol TR, .
o © Xl — (HZ)F]/.. (16)
H,-2(H,)-2(H,0)-3{NH,)- 4(CH,)-4(CH,0H) y
x,= (Ny)'"? a7
-2(CH,0,)-(0H) -(H) =0 ()
N,-2(N,)-(NH,)-(NO)-(N) = 0 @  %=(COCOF" (18)
Table 1. Calculation of mole numbers of the basic atoms in ANFO
Name % Formula Mo]gcular Number of gram atoms/100g
weight C, H, N, 0,
AN 94 NH,NO, 80.05 - 4.997 2.498 3748
FO 6 CH, 16 7.1276 14.255 -
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Table 2. List of reactions and definitions of equilibrium constants
1 HesiH K. = (H) F2
22 1 12
(Hy)
2 CO+H,0CO0,+H _COIH0)
2 22 27 (CO,(H,)
1 (N
3 N3N, KS-(N )I/ZF
2
(coy’
4% 2C0C0O,+C =
(COy)
2
0,)(CO)
5 0,+2C0>2C0, 5=(———2( —F
(CO,)
(CHCOy)
6 CH,+CO, ¢>2C0O+2H, =3
(CO,)"(Hy)
1 (CO)OH) 1
7 CO+0HeCO,+:H, Ky=————;F
2 (CO,)(H,)
) (COYNO)
8 NO+COCO,+:N, =————F
2 (CO,)N,)
12 32
i 3 (N,) "“(Hy)
9 >N, +ZH, <> NH, K. o2 L
2 2 9 (NH;)
HNC o C+iNy+1H W
10* S CH+ZN,+2 WS """ s
2272 (N2 (Hy)
2
(CO)(H,)
i CO+2H,<>CH,0H = ———2—F
(CH,OH)
12 CH,0,«<>H,+CO K _ (00
13 CH,0H,+CO K, = hO
2 2 137 (CO)(H,)
_ (O)(CO)
14 O+CO(——)C02 14———(C—O—2)—F
(C,Hy)
15% C,H,>2C+2H, 5= ——F"
(H,)
(C,Hg)
16% C,H, >2C+3H, 6= ——F"
(H,)
(C,H,OH) 4
17* C,H;,OH&C+CO+3H, 7 E— 3 F
(CO)(H,)




x,= (CO)F" (19

Hhgoll Hojshe BE EAEL thedt 2ol ofF 4
Hpol 42 FAY F At

(Hy)=r, %, r=F" (20)
(N =1, X, =1 (1)
(COy) =15 %3 X4 =1 (22)
(CO)Y=1, %4 = F* (23)
H,0) =15 X, %3 r;=K, (24)
(NH,) =1, x,”* x, r,=F"/K, (25)
(CH) =1, X,” X, /X, r,=K, (26)
(CH,OH) =, x,” X, r,=F"IK,, (27)
(CH,0,) =14 X, X, X, 1,=K,F" (28)
(0) =10 Xy’ ro=K; (29)
(OH) =1, x,"x, r,=K,/F" (30)
(NO) =1}, X, X4 1=Ky (31)
Hy=r, x,"" =K /F” (32)
(N)=r1,, X, r,=K,/F"? (33)
(O) =15 X, 1,5= K /E"” (34

Webd 4 (1)-@)el EAR EAFAYEL 1, x,
Xp X, T £(x), f(x), fi(x). fu(x) & EA =}

fi(X), X5 X3 X)) =1(x)=0 (35)

(X, X5 X3, X} =6,(x) =0 (36)

fi(Xp Xp X3, Xg) = f1(x) =0 37

fy(x), X X3 X =1,(x) =0 (38)

ME ] e HA 2713 x ), x50 xS F
A4 gt

fi(x, x, x5 %) = fi(x") =R, (39)

(", X7, X5, X,) = h(x7) = R, 40

Y5 FEg 223

£(x,° %) Xy, %) = (") =R, (41
£.(x,", X7, x5 %) = £,(x) =R, (42)

A (1)-(4)E o83k R, R, R, R,Z AR 5
e E45A4E tA457] AAE R, R, Ry, Ry
7b 25 oo] EA s x,, X, X, X, 5 FElof Frh
ol & flall side] BALAE ol &slo] 9 A EE oHE
3 o] stAbgeh W4 f,9l A%

)
A+ Ax) = fiG) + &f' A+ ‘?f;,;’"
2
R t?fl(xf) _
o Axy+ %, Ax,+...=0
(43)

TdA 4 &S F
A v AeEs de T

2 FASR L, f, £ delHE
YR o9l e} EF

et
af(x) VoA O 96
ax ANt o ARt T AR AR =R,
(44)
I6(X)  IE(X) dB(K)  IB(X)
o Axj+ o5 Axy+ o Axy+ % Axy=-R,
(45)
Of(x)) Of(x7) O(x7) OK(%))
ox, Axy + o Ax+ o5 Axy+ %, Ax,=-R;
(46)
OR(X)  OR(X) KK IR(X)
x X+ o Axy+ o Axy+ % Axy=-R,
(47

£x)9 x; ol gk w32 A 5 7] wigll
9 AEL A E2AYIY Crowt ] S8 & 4
QA = Ax; ghol 23] Ao wi7kA] WHE Ak
o] & FakA Hrk x,, xy x5, x,F FIHE A
HHS BAEE Aldel ZF £R12] £ nt o]EY B
ns At

2234489 A%

oA doF WSS AHEEe
£ A

2% Q

o= 9hg AT HRS) - Fokel 4R
(48)
4 LEFT AL
%*&W B9 A8 BFY (C) o2 BTF)
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|
ﬂCV—EnR (49)

474 Qi HEIZA A Ul A AL n
HHEF AT RAY] B, TS RS £E, RS b

Ageolwl pot T, & b 2k,

nR+ CV_ (&(x) (50)

B=—7—"%

Vv

Znicvi
P 51)

A7V A nx 7 A4 7ELe] & o3 o co-volume
2.2 o] 4]l 7129 FedA Pv=nRTE 247
Yol £9% Higoln}, VA E C 7t 2] FeE W
B Zhol7] wi Bl AldEE 5ol H3lst ols w7t
2] wpEA S st HEAQA S E Al Fe
Co-volume g EFsE Aulubg42 oS3 2t

P(v-a) = nRT (52)

225 4% &5 AL

HHEAIARS Bl 2 2EE ARl 2R PR
FojAE FES HTHoZ 73 o o Pyt T
£ Z(VOD)E t}§3 Ze] Aldgct

_ _nRT,
2= o) (53)
2 Vzpﬁ
=
VoD = e (54)

714 v 3} v, EhES- A 39 Specific volume

< vehdit} (Fig. 1 &3,
3. Zis At =20 Jlie

SlollA Ame Az e Fg o Toke] Aol o
& ujAE 24EE AR 8 TETR Z2aYE
A stgl o S8 5 E Fig 5ol vhebglet

a. Input Data: 7] 2%, 3= £k FA 3=
H, N, O, C9 &%, x,, x,, x5, x, 8 &% &=,

()

————Eg@_] Call BALANCE

Calculate R; .Ai AXi

-Calculate zn
Tteration for Vand B

veveay [¢T— @

( Calculate ZY Cv & LY Hi ]

Calculate Q. T

T=T+ AT

Calculate P. D

Fig. 5. Flow-chart of the FORTRAN protram

By, x9 F8-¢ dslrl A% Zzke] 22 (e,
e, e)5ol YFHHG

b. EQUIL A X.Z¥l : Table 2 ol 9+ K, 3t A&
g} K7 259 Spol 2R HHEAIAL Fofl 2E9) |
37t 9lend K, 3h& vhA] Al4aEly] $lE EQUIL AR
FHog 5go} &4 Hr}

¢. FUGA A B.%¥ : Fugacity® Co-volume a& 7
Aste A HSdo|r, et Rije] WSt whel
fugacity ¢ o ¥ 33k

d. CAPACITY A B.5¢l . d &5 A4t

e. BALANCE A B8l . Za ubgalE A7) 9
&l Crout 422 x, 7} +9E a7k WHEA| 48} x,
£ 73 o8 whgoll IAEE UnR] EAES A4S
Alibsle] A AEFE T 714 RE A (2
(242)9] R, Ry, R;, R, tebHE A& Crout &
o]-&ate] WAL Z of O3 HpES YeRIT,

f. 2ajel pl] ik whEAE - Fak HhgollA] AltslE
b B o] Bul 2 AlAsie} Al4bEE Hale] Wil gl
£ a7tA] HREAARS gt Aldtsle ol WSl

o,
-0l
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92 AL FUGA AHEENA fugacity & S&F&
thA] A4S Fuk ubS Al S ofA] Pt

g HHeEE 2EZTR AR A B ER e e
o 2 HE] ukgAE ALt Wyvlse) Ruleh H o
LS sl LEZIHE AR Al &)
wWsl7} zd Aol A dofF E5 & 27 & o]
A2 wHEAAE A4 g

h, 3} Fukg o] Al ¢ 25, B, WA Bl
Algto] TR F o] EF ol 83lo] Fuioty e kL e

g A,

B Z2als AHste] YEZFE)Agla) uigulsl of
€ 5 $F°] ANFOY Fuollix & A4t Table
32 94% AN 6% QAEFE FA 5= ANFOS A4k

Ede AEEG 225

dlF HojZa glon Table 4= TIGER X, BKW
FE, NITRODYNE ZE % A48 IE (Persson et
al., 1994)& o]-&3lo] YEZZF) A2} ANFOo! thal
A Aol B g ade] AnE uwata gl
Table 3%} 40| A B 4= 9l Ko] 719 I =E1} FARF
ATE HoAFE 4 + Ut

4% =

& Aol e AT Foko THkA BlE s 2%,
o4, k=9 3] VODE Al4ksle ZE2a8g st
o o] 2 NG & ANFOol| & &3fo] Hglrh 2 =
Bazle FAA R C, H, N, 09 Zofe] Eulol1i)

£ Aldele Aot tii-e] TAs Fope] 7Bz

Table 3. Comparison between the calculated results with different computer codes for NG (Persson et al., 1994)

Explosives BKW TIGER NITRODYNE FORTRAN program
Density (g/cc) 1.59 1.59 1.59 1.59
Pressure (Kbar) 247 214 109 214
VOD (m/sec) 7699 7500 7649
Temperature (K) 3217 4476 4932 4526
Products (mole/kg)
CO, 13.2 13.06 13.21 12.8
CO 0.02 0.15 0.25
CH,
NO 022 0.79 0.74
N, 6.5 6.19 6.61 6.2
NH, 0.03
O, 1.0 0.81 1.1 0.5
H,0 11.01 10.96 11.01 9.8
H, 0.01 0.013

Table 4. Comparison between calculated results with different computer codes for ANFO (94% AN) (Persson et al.,

1994)
Explosives BKW TIGER NITRODYNE FORTRAN program
; (ANO94.55%+F05.45%) (AN94.5%+F05.5%) (AN94.55%+F05.45%) (AN94% +FO6%)
Density (g/cc) 0.9 0.9 0.9 0.9
Pressure (Kbar) 74 64 23 49
VOD (m/sec) 5531 5156 4638
Temperature (K) 2286 2856 2844 2753
Products (mole/kg)
CO, 382 3.81 3.82 372
CO 0.07 0.02 0.55
CH,
NO 0.02
N, 11.81 11.78 11.81 11.7
NH, 0.02 0.01
O,
H,O 27.77 27.72 27.77 272
H, 0.06 0.01 0.53
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C, H N, O 0|22 o}& oo fe|H = T3 ¥4
o2 TuoliA] & AAE = Qi B 22338 o) &
3le] ANFO7} AN 94%%} FO 6%2 FASE 7%
A ez JEZ S AR e kA ZabiA B &
BEE, 23 o YT 58 AldEgler o] At
& Table 3% 40l VERASITE, 7169 44 221319
TIGER, BKW, NITRODYNE 53} v a3l Az} B =
RIS F8 Albe] fARE s UERIE U 5 U
=

£ Z2ade e YR, AR ) HEl, =
59 B AldollA] T gkect. EE AR F
£5l& o27A M- E g E9 adiabatic ¥H5-2] 7}
A, 93 s, o] 4]l Fope] Etal AA il A9
o] A%, Tt r9] Aol 7|El AR}l 2% o3}
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