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Abstract: As one of the major damage modes of the aircraflt fuel tank, hydrodynamic ram may cause a cata-
strophic destroy to the fuel tank structure. In order to analyze the hydrodynamic ram factors and effects system-
atically, a validated model of the fuel tank by a full filled cube is built. Situations of different impact velocities,
fragment masses., materials, shapes. incident angles, incident directions and various filling rates are studied.
Parameters of the fragment speed decay, pressure inside the fuel tank and the deformation of the fuel tank wall
are analyzed carefully. The results show that the damage ability of the hydrodynamic ram will exacerbate with
the increase of the impact velocity, mass and the filling rate. The shape of the fragment has a certain effect on
the fluid pressure and the wall deformation. The incident angle and direction of the fragment will change its mo-
tion path in the fluid and then affect the hydrodynamic ram effect. Finally, the least squares method is used to
fit the deformation formula of the inlet and outlet wall of the simulation tank. The laws of the hydrodynamic
ram of the fuel tank resulted can be used to assess the aircraft fuel system vulnerability and design reliable pro-
tection for the fuel tank.
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Fig. 1 Diagram of fragment incident direction
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Table 1 Research program of hydrodynamic factors
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Table 2 Material parameters of walls and fragments
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Fig. 5 Formation processes of fuel tank cavities
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Fig. 6 Hydrodynamic ram under different velocity impact

MIEL 6 Ca) T LU - B 7 o A 28 35 A G BE
i B T B T S 7 A TP O 2 3 e, 2 T
T i VAR X S A B R A L R
WU AE T /N IR B 3 085 B A R R ) 1
i, FeAE K iz sh i st ] g AR B I 4 T A o
B2 RN AP R A R e R B O AR K2 L
A LL 1500 Fl 2 000 m/s B BE A SR, 228

o R 7 L RN A5, P T A R g 1 il 0k 3103k e 5
SRIGTIN L T I 28 R U Ry 05 M R TR 1 3 g K
Tt Y A U, G R B 5K PTm v ;[
BF B 3o A 4 S 2 4G R T e o R T T 0
{8 . 46040, B% A3 B R 1 500 A1 2 000 m/s B HE 7
W %8 900 m/s B4y B8 T 137, 04% A
304.51% , 1M 2| ik B [E) 4 0 & /5 17 0. 010 A1
0.015 ms.,

XFEEIE 6 Co) I 6 (d) T DL H - H 5 BE AR Y
ASTE A KT AGTRERT . LA 1 500 m/s #BEA ST H
il 5 NS RE AR 1 A8 T DB B A S 2 22 47 280 mm 1Y)
NI G e KA TR 2928 36 mm; i i 5 BE A 76
PR B A ST S 224 350 mm AL B IR ol KAE K
50 mm., PRMCFE 7K Bl 00 Hh R 2 B OG TE  AR
TEAE B FE AR BT vt 7 & X DL 32 B
Xof H SRFBE AN LA By 47 B AR 15 R BRSO 1 AR T
ARPE . B W AR Y BEN, BTJE RE AR 1 AR TR
T0 RIS T T B A A B 14 n , DL AR T R B R A1)
1 500F01 2 000 m/s 3 B A HF B, A f5 BE A (19 e K
AT 43 AL 900 m/s AT T 9,20 A7,
25 mm,

1 e A R A 1 i G S b AR T g e
V1) T 2 S BE 3801 K b o 0 S R R 0
T X BRE A BT S Sk 7 IR R B e A B
P 158 I 8 8 i K R S5 S R R A

2.2 TR RE(# ) X 7k $8E 2R B = 0

AR AR RE R )R 8 i R ELAT AN [ 7 o
DR UHORE B 0 o 5 R R bR X A AR A5 1Y) 5 i
A IE L= EHAE N 620 mm BIERIE 457 8,
R A WA E BRI X 4L, B LL 900 m/s Y
R A B TR N 100 %0 A I AR L BE A B AL R
SRR E R 2 i, ARFEM R R G E
JIT A5 B B o BE BE 8 P Tm &b R 7 — I ) g FE A
A/ BE AR A B — B ) T AR AN 7 RN



o B 2 - RO AR A B S 5 W PR R e HL i R E O Y 495

54
900 [
— — 45"
» \ e /“r‘v/\/\
\5/700_\'\ Py S
~ S R e e
%600 N
- \\
45500 N
= Ra
400 [ B T
1 1 1 J
0 0.2 0.4 0.6 0.8
[ 1] /ms
Ca) A B — s I O A
16
! - = PTm, 45%N
e A --- PTm, %k
” i - PTm, {74
= !\
< 8 ")' b
= 30
4] AT
=t R
7 NLARA
iy Wb
| —tl ALY, S—
0 0.1 0.2 0.3 0.4
[ 1] /ms
(b) PTm &b & Jy — i [a] JJ 72
35
30t A —— 45
g 25+ —— &4
< 20F
N
2 15F
1=
=101
e
] =
0 I 1 1 1 DT
-400 -200 0 200 400
EE{%/mm
(o) A5t RER A TE
40 : : - i‘é;{;w
—— V5
E30f ;I‘ —Bhe
3 i
=20+
2 ]
0
1 1 1 1 i
-400 -200 0 200 400

#H 5 /mm

(d) Hh 5T BEAR AR T

B 7 OR[GO R 5 R G B 19 7K R 250

Fig. 7 Hydrodynamic ram under different mass and
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