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Abstract : This study analyzed various possibilities of flash fire which could occur in a variety of combats, in order to predict that of
flash fire of combat system armor using Autodyn program. The possibility was judged by the temperature distribution of fuels, which
was caused by the impact of parts of fuel systems through an armor, in the event of getting shot by external ammunition. Diverse
variables could affect the possibility of flash fire: external ammunition(Type A: penetration 570 mm, Type B: penetration 410 mm),
fuels(Gasoline, Diesel, Kerosene), the thickness of an armor(100, 200, 300, 400, 500 mm), the gap of a fuel tank and an armor(45, 95,
145, 195, 245, 295 mm). As a result, when an armor was 20 mm think, the temperature of 3 fuels ranged like this: Gasoline 372~387
K, Diesel 442~408 K, Kerosene 384~395 K. Although they made a little difference among them, they all didn't reach their ignition
points. When an armor was 200 mm think, each fuel reached the maximum temperature, not reaching its ignition points as well. The
thicker an armor was, the lower the temperature got. When Type B ammunition was used, the temperature of fuels went up 19~59 K
higher than Type A was used. In the case that the gap of fuel tank and an armor was 20 mm thick, the temperature distribution of
Gasoline showed 389~450 K, the maximum temperature appeared in the gap of 145 mm, and the minimum temperature 295 mm. For
Type B, the temperature distribution of fuels ranged 386~401 K, the maximum temperature appeared in the gap of 245 mm, and the
minimum temperature 45 mm. There was no significant difference between two cases, and neither of them reached its ignition point.
Accordingly, as the tested fuels of combat systems didn't reach their ignition points, it is thought that the possibility of flash point of an
armor is low.
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Table 1. The variables used in the analysis of autodyn program

Kinetic
L h N La L,
Case| Energy Fuel P P b .
Ammunition (mm) | (mm) | (m/s) | (mm) | (mm
1 Gasoline
T Type A ; 0~
2 | (1575 my) | Diesel | 684 | 11| 1475 | g0
3 Kerosene zztgg
4 Gasoline
Type B . 0~
S (1,720 m/s) Diesel | 395 18 | 1560 | 400
6 Kerosene
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Table 2. The physical properties of the fuels” ™

Thermal Bulk
Conductivity Modulus
(Terg/em - k) (Mbar)

Densitjy Specific Heat

Classification (gfom’) | (Terglem - k)

Gasoline 0.803 222 * 107 0.15 * 107 13
Diesel 0.8 1.75 * 107 0.15 * 107 13
Kerosene 0.81 2.01 * 107 0.15 * 107 143
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Fig. 2. Fuels temperature distribution by Type A ammunition
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Fig. 3. Fuels temperature distribution by Type A ammunition

Table 3. Results of the fuel temperature distribution

Gasoline (K) Diesel (K) Kerosene (K)
Type A 371.86 441.80 383.49
Type B 386.82 407.48 394.76
Ignition point 560.15 527.15 520.15
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Table 4. Results of the fuels temperature distribution of
Thickness of armor(100~500 mm)

classification Gasoline (K) Diesel (K) Kerosene (K)
100 369.75 389.63 362.25
200 406.93 440.40 422.81
Type A 300 400.34 42591 405.54
400 392.27 415.22 394.82
500 354.25 367.08 364.02
100 412.11 435.11 395.40
200 495.37 407.66 395.25
Type B
300 417.22 448.15 407.93
400 312.66 347.68 305.03
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Fig. 6. Thickness of armor(0~80 mm) by type A ammunition
of the fuels temperature distribution
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Table 5. Results of the fuels temperature distribution of
Thickness of armor(0~80 mm)

classification Gasoline (K) Diesel (K) Kerosene (K)
0 415.14 44334 423.86
20 371.86 441.80 383.49
Type A 40 391.89 382.88 396.82
60 383.41 394.06 391.69
80 390.25 41226 397.39
0 42845 462.19 438.39
20 386.82 407.48 394.76
Type B 40 499.57 482.01 472.83
60 398.10 422.95 4122
80 397.59 417.86 416.31

AASERAEr Zdighol =gt ]
7} 100 mm o]aofjA &= Z} %itg 199 23}
ARSI s
3 9ol g«
Az,

54

A AR PEeke] 2HAe] mE L71EhY Ay
Fs S A QA THel ARAZE ) A
ol ARY| LERE SHHo] JF& FA g
Hz AeliE oF 50 mm Y 1AL §E HEA
28 o e 9139 ke Ro 2 &
ZH HS AL AolS BB,

Fig. 8ofli= Type A% 1|4 Al AZHFA 20 mm)z}
Az ed=9ke] 7FA(45, 95, 145, 195, 245, 295 mm)o]|
IHE Gasoline®| >t 23S LERITE Ao

800

600 1 Ignition point of Gasoline 560.15(K)

400 L4 o ° °

Temperature (K)

200

0 T T T T T T
0 50 100 150 200 250 300 350

Between RHA and Fuel Tank Length gap (mm)

Fig. 8. Temperature distribution of gasoline on between armor
and fuel tank gap by type A ammunition

SIROkNBHB| K], HI29A K23, 20144

M7H5 0] Chet 17

=A% 20 mm= 1A 9 F 2= Gasoline2 AMES
DS L, 389~450 K 2= HJoA 45 mm 712 2]
742 408.80 K, 95 mm= 40547 K, 145 mmE= 449.63
K, 195 mm+ 388.92 K, 245 mm+ 436.46 K, 295 mm
= 38859 K Axel Ao = eyth

Type AeF T4 A] Gasolined] X|12%=+ 145 mmoj
A Yebgon, Aex 295 mmollA YEhY A3t
I AmeAete] A 295 mm W A o= &
b AP ¢le AR YEylth

Fig. 9°||== Type B¥F &+ A] ZAH(F7] 20 mm)2} ¢
gE30}0] 7k (45, 95, 145, 195, 245, 295 mm)o]|
£ Gasoline?] 22 A3E et Gasoline2)
LR WL 386401 K 2% H QoA 45 mm 7t
Aol L 38622 K, 95 mm= 393.31 K, 145 mm=
401.36 K, 195 mm+ 397.33 K, 245 mm+ 442.45 K,
295 mm+= 400.73 K A=l Ao=2 Uelth Type B
g 7]k A] Gasoline®] #1125 245 mmof|A] YERE
on), ALEE 45 mmol A e} o] g, 7t}
QAmeizole] #a] 295 mm ) A 7oL S
3 AR g Ao Ve

S 45, 95, 145 mmo]| A= Type A¥te] Type BEH
Bt} Gasoline?] &&= H3iZ7} ok =8 HTFS HY o
1, 195, 245, 295 mmo||4]+= Type BEto] Type A &
o} Gasoline®] &1 37} of7k 22 AL Hol A

800

600 1 Ignition point of Gasoline 560.15(K)

400 ° ° ° . °

Temperature (K)

200 -

0 50 100 150 200 250 300 350
Between RHA and Fuel Tank Length gap (mm)

Fig. 9. Temperature distribution of gasoline on between armor
and fuel tank gap by type B ammunition

Table 6. Results of the between armor and fuel tank gap

Classification 45 95 145 195 245 295
(mm) (mm) (mm) (mm) (mm) (mm)
Type A |408.80 K|405.47K |449.63K [388.92 K |436.46K | 388.59K
Type B [386.22K |393.31K | 401.36K |397.33 K |442.45K |400.73K
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