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Modeling of high energy laser heating and ignition of
high explosives

Kyung-Cheol Lee* - Ki-Hong Kim* - Jai-ick Yoh**

ABSTRACT

We present a model for simulating high energy laser heating of metal for ignition of energetic
materials. The model considers effect of ablation of steel plate with long laser pulses and
continuous lasers of several kilowatts and the thermal response of well-characterized high
explosives for ignition. Since there is enough time for the thermal wave to propagate into the
target and to create a region of hot spot in the high explosives, electron thermal diffusion of
ultra-short (femto- and pico-second) lasing is ignored; instead, heat diffusion of absorbed laser
energy in the solid target is modeled with thermal decomposition kinetic models of high
explosives. Numerically simulated pulsed-laser heating of solid target and thermal explosion of
RDX, TATB, and HMX are compared to experimental results. The experimental and numerical
results are in good agreement.
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2. Problem description

B ZANAE milli-second ZUYA B2 §

o]A(HEL)E 7}Z 508 mm, A2 127 mm, F

A7 1.5 mm ¢l steel 4340 A]JHd] FA}SH
Figure 12 Zd3e] AH88 FA9 AZx o
=3

Laser

Fig. 1 Problem set-up for 2-cases: (a) Steel only, (b)
Steel with RDX in contact.

AME 2 oA &8 JdYAE 500
J/pulse©] 3L, pulse duration2 05 ms °lth. F
A" B9 spot sizeE 5 cm’©|EE laser
fluence 100 J/cm’o|tH7]. #@lo]A <] frequency
€ 20 Hzolth. E§, d@gd] 93 Hdd<
B7] 93] RDX&e F4S AHESAT

EG 2 drodde %9 Fg @ 2l
A+8-8 3 step T 4 step deflagration reaction
2d AFE 984 Fig. 24 Be RAFH 2ol
One-dimension Time to eXplosion(ODTX) A3

[5] HlolElgte] Bl g FasH )

Laser e

Fig. 2 Schematic of ODTX experiment using laser.

Figure 2& A&°] 1 cm ©]3 ¥°|7} 64 mm
9l 9538 Z oo 10 W/em® ~ 1000 W/cm®
Q A%HQ CO, #ojA £8 MM EHA
E uysie 2AEIEE W Fido] dojue A
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3. Mathematical formulations
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Fig. 3 Thermal dependence of coefficients of steel: (a)
Specific heat [9], (b) Thermal conductivity [10].

ZoFo] A3} 34& 98] 1-dimension heat
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4. Laser thermal boundary condition
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Fig. 4 The thermal boundary condition of front face of
a steel coupon.

Steel?] HAWRAA steelE 7]1FCFE  half
control volume& A At Steel2 o] A2
EAL AUAE FF3te 7bEET7] AFska,
heat2 steel WHE ule} A H o] steel THI
=284 A} Steel EAE F7) F-L Mach
099 Nofrgel EAstd tifF ok oy =
Ao 22E control volumedro] EAl A%,
HF9 heat flux A 42 €2 F Uk

q:'ad. _q:onv. - q:ond. = 0 (13)

ot
rlo

h: convection coefficiento]®, k.= steel®]
thermal conductivity©]t}. Ax = mesh size®] 3,
Trps Trs T = Fig. 4914 steel®] FBH I 37 1
2|1 steeld] iFolAe £z ol

06
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Fig. 5 The absorptivity of steel (modeled).

Equation (14)°] A8-¥ absorptivity= Fig. 5
ol Mg} ol 2l HYYT}

Control
Volume

J : RB
[}
—t— — T
T, | L o
[}

Fig. 6 The thermal boundary condition of back face of
a steel coupon.

Figure 6 steel®] FWHIP Mo AAZHE
velllz it Figure 1914 (a)9] Z$+ Fig.
63 Zo] FHd fFo] gl FTII7F EAS
steel®] =9 diF X TE 1A Eot. o]
AE, F9 heat flux FF AL o1 2o
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a3y, Fig. 194 (b)) Afdde F7d
RDX o] steel?] FHI} HZ3) Ut o|uf ¢
ZF HAEHe] AAZRAL steel FHAA &
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E A A no flow, air condition®] 7
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h=2600 W/m’2 EdH} ol AA 4o
A steel WHolA 3oz o] HEHO
2FEo] Yzto] dohvte HAE Zrst YA
ojt}.
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q}”’ad. —q:ond‘ = O (17)
X3
(TFB _7;) -
aGlaser kT - 0 (18)

Perfect absorption 7}g8genz Al8dH a
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5. Result
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Fig. 7 Calculated temperature profle of a steel
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Fig. 8 The temperature profiles of steel coupon - rear
face (experimental data from [7)).
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Fig. 9 The calculated temperature of steel with RDX
and mass fracton at 590821 ms (a)
Temperature profile; (b) The mass fraction of
RDX on the contact face.

o x3 H3z odRE Astr] Asl final
product gas®] mass fractionS Al4ts] £ A
Fig. 99 (b)®} Zo] A3} A7t mass fraction
o] 19 =g3t= AL & 4 T o 94
7} &3] o]F o] LS 9wt ol gt # ol
A A 2A VMg A FoF 3 2de
laser-kill # #& A} §&&okd de &
T Atk

golA shdol o8 Fofel HFsl 4 HAFE
A 2789 F7HHQ F4-E A ATHODTX).
o] Z$dE TATBS HMX[11]E A&t
TATB9} HMXel ARS8 deflagration kinetic
parameters= FIEEH 59 140 vE} o,
714 In Z e B Ao 2A 4 JHAh
Table 12 FAHo] £ A7 A" TATBS
HMX9] In Z gtolth

Table 1. The corrected values of In Z for TATB and

HMX.
Reaction
TATB HMX
step
1 48.0 4913
2 358 56.7
3 36.8 528
4 50.1

Figure 102 ODTX 43§ dHo|EieH5] A4+ &
F#E ¥ng AHE Yehla ok 2" £
& Q%o At Zast A7 dHolHs A7
Z dAge e B 5 Uk ole & ATdA
A A8 boundary ©|23} deflagration kinetic7}
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Fig. 10 Unconfined HE ignition via direct laser
irradiation shown for TATB and HMX: (a)
TATB, (b) HMX

6. Conclusion
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g AL $3) heat diffusion equation®] A+
=43, o]$ FA chemical heat release’} steel
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At =3 3 & 4 step chemical reaction®]
Fokol Ha g H7] ds AH&EHULH,
thermal boundary conditiong A3t} o] 2
3 wdle FAlFHOo = laser kill system¥ @2
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