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Background

4 : :
g Incident Pressure Profile ® Complete bUbee mlgratlon pI’OCGSS
g First Secondary . . .
L~ Shock Wave e e ® First shock wave (Mauricio,2015)
Bubble Oscillation
_ A . o Exponential decay
st Bubble 2" Bubble iri
L Bubbl o o Empirical approach
| l o Very short time duration (ms)
#-é—'&—a—&—*“me ® Bubble oscillation phase
T H‘t——__:}—h. o Non-linear
o Longer time duration
R~ o Motion of bubble migration
Charge o Radius and vertical displacement
Source
Bubble Pulsation and Migration
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Methodology — 3 models

* Waveless model

- Consider as an ideal fluid

- Without damping effect and the effect of gas bubble pressure inside bubble

* DAA model (Doubly Asymptotic Approximation)

- Considering the interaction between the liquid and gas bubble

- Including damping effect in the liquid

* Empirical model

- Peak approximation method

- Restricted to experienced coefficients, specific material cases
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Development of Matlab programs

HOME PLOTS EDITOR . Q, Search Documentation E o D eve I O p e d CO d e i n IVI a t I a b
El} = E Lc] Find Files & o @

| Compare =
New Open Save . Run and
- - ~ =i Prin Ti

FILE e ° °
°*Em | and lytical model
<@ = (5 & [/ » Users » SSU » Desktop » Bubble » 0_Run_1011 » Casel v 0 pl rlca a n ana y |Ca O e S
Current Folder ® | [# Editor - {Users/SSU/Desktop/Bubble/0_Run_1011/Casel/DAA.m ® x
Iame3y : [ DAAmM | + |
%:\fa_v:less.m 64 - X4{1) = xx4; ™
En(:::h'mm 65 -  X5(1) = xx5; — .

' . ® Calculate mot f bubbl
£ dataDAA.mat 67 - [Clfor i=2:length{t) a Cu a e O |On O u e
HH data_waveless.mat 68
%gm.m X 69 - Vv = 4/3#%pi*xx1"3;

com;{anson.rr; | 70 - P_g = Kex(V_c/Vv)~lambbda;
> casel_comp_Redo_c.png 71 - rho_g = rho_tnt*(V_c/Vv);
> C:::l_igﬁﬁ_P?e;s::e.E:ig 72 - c_g = (lambbda*Kc/rho_tnt)"@.5%(V_c/Wv)~(0.5%( lambbda-1}); Y
2 = - 73 - damp = (rho_g+c_g)/(rho_lxc_1); P I d
= Casel_comp_Pressure.png 74 - p_ip: P_atm+?ho_?*g*d_i; ress u re Oa S
7= Z = (P_g - p_i+ rho_lxg#xx2)/rho_1 + 1/3%({xx4/xx1)"2 - (rho_g/rho_1)*(xx5
76
7
78 - Xx3 = ((1+damp)~(-1) = ({B.5+@.5%(rho_g)/rho_l+damp} * ((x1)"2 + 1/3%(x2)"2) -
. * Test m by 3 ch
80 - Xx4 = ((1+damp)~(-1) * ({(1+(rho_g)/rho_l#2*damp) * (x1 % x2) = rho_g/rho_l*c_g eS progra y C arge Cases
81
82 - Xx5 = ((l+damp)~(-1) = ({(2+(c_g)/c_l+damp) * (x1 * x2) = c_g#(2#xx4/xXx1+Xx5/XX
Details v 83
84 - X3 = Xx3;
85 - x4 = Xxd;
86 - x5 = Xx5;
a7
a8
Select a file to view details I—- ) £ = — e m_ne S Sosmaf bl e sl et
Command Window @
fx; ==

Ready
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Comparison on 3 different UNDEX cases

* The 3 models are tested on:
“ TNT charge mass, m_= 500 kg
2 Case 1: Barras Guillaume’s Case - Distance from charge to free surface, =50 m

— Distance from charge to standoff point, r =50 m
- Density of charge, = 1600 kg/m3

% Case 3: Keith G, Webster’s Case "1 TNT charge mass, m=0.3 kg

- Distance from charge to free surface, =92 m
- Density of charge, = 1500 kg/m?

“ TNT charge mass, m_= 1.45 kg

- Distance from charge to free surface, =178 m
- Density of charge , = 1500 kg/m?3
- Radial distance from charge,

*» Case 2: Hunter & Geers’ Case
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®* Comparison with experience (Case 1)

Experience: Barras Guillaume, Numerical simulation of underwater explosions using an ALE method. The pulsating bubble phenomena. (2012)

Case 1 / Radius: a

Case 1 / Pressure
6 21'195

— Experienced model
—— Empirical
——Waveless model
——DAA Model

=S

3

Pressure (Pa)

i
1F —— Experienced model ‘
—— Waveless model

— DAA Model | ) L
0 | ; . . ?de . — . t L2
0 0.2 0.4 0.6 0.8 N

L 1 1.2 0 0.2 0.6 0.
t (sec)

DAA model is close to Experience model !
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®* Comparison 3 models for Case 2 & Case 3

a(m)
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Case 2 / Radius: a
J Without damping

J With dgmping

—\Waveless model

—— DAA Model
0.61 0.!‘)2 0.‘03 0.‘04 O.I:JS 0.63 0.!‘37 0.‘03 0.")‘9 U.Il
t (sec)
Case 3 / Radius: a
{4 Without damping

— Waveless model
— DAA Model

0.0

0.04 0.05 0.08

t (sec)

0.02 0.03 0.06 0.07

St France T
France ICd

Case 2 / Pressure

pn v
~— Empirical
18 ——Waveless model
——DAA Model
16
" & not realistic
da- 12
o
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2
o 8
o
[
4
2
of
1] 0.|01 0.62 0.63 0.64 0.:)5 0.63 D.IUT 0.63 0.08 0.|1
t (sec)
1010° Case 3 / Pressure
—— Empirical
9 — Waveless model
——DAA Model
8
; € not realistic
‘@ B
e
£s
g
o 4
3
2
1
o /\—L L
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Conclusions

4 Analytical models can be used for various charge materials, mass and water depth

v DAA model is more representative of the reality than waveless model
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Example 1 : Clamped plate model LSDYNA

Girder Girder
Frame i Clamped B.C.
Symmetrical B.C. (Tx, Ry, Rz) ( Tx, Ty, Tz, Rx, Ry, Rz)
8.4 m
o e s | Symmetrical B.C.
Frame E : (Ty, R, R2)
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® Casel:m=500kg, d; =50 m, p.= 1600 kg/m3

Pressure (Pa)

Pressure on element (Matlab)

1,4E+07

1.2E+07

1,0E+07

8.0E+06

6,0E+06

4,0E+06

Displacement (m)

12

—

Rt
(=]

N
[=a}

=
s

The deformation seems to be realistic !

Z-Displacement (Plate)

AAAA

Akl

/

2,0E+06

o

N

e N

0,0E+00

0 0,2

Plate-pressure

Time = 1.0662

Contours of Z-displacement
min=0, at node# 72
max=1.0958, at node# 1
max displacement factor=2

T I
0.4 0.6 0.8

Time (s)

1 1.2 1.4

Fringe Levels
1.096e+00
9.8620-01 ]
8.766e-01
7.671e-01 _
8,575¢-01
5.47%e01
4383601
3.287e-01
2192001
1.086-01
0.000e+00

0 02 0.4 0.6 0.8 1 12

0,08

0,07

0,06

0,05

0,04

0,03

0,02

0,01

0,01

14
Time (s)
Effective Plastic Strain (Plate)
0.2 04 0,6 0.8 1 1.2 14
Time(s)
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Example 2 : Semi-cylinder model T

® Charge Case 1: m_=500kg, d; =50 m, p.= 1600 kg/m3

® Length: 150 m, Breadth: 20m, Draft: 8 m

50 m

B, [20 mm] %’
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Pressure loads for semi-cylinder LsDYNA

® Charge Case 1: m =500 kg, d; =50 m, p.= 1600 kg/m3

Final Pressure on Bottom (LLS-DYNA) Final Pressure on Side (LS-DYNA)
===RB] 9906 -——B2 10020 === B3 9681 === 5] 12306 ———S82 12309 ===1S83 12312
L2EH07 7.0E+06
1,0E+07 | 6.0E+06
_ 5.0E+06 |
= 8,0E+06 | g
S 5 40E+06 |
= 6,0E+06 | 5
Z 2 3,0E+06 |
S 4,0E+06 - E )
= 2,0E+06 |
2,0E+06 | 1.OE+06 |
i [4
\ -
0,05+00 B ' ' | e ' . 0.0E+00 * ' L — - |
0 0,2 0.4 0.6 0,8 1 1.2 1.4 0 0,2 0.4 0,6 0,8 1 1.2 1.4
Time (s) Time (s)

NUMERICAL SIMULATION OF SURFACE SHIP HULL BEAM WHIPPING RESPONSE

DUE TO SUBMITTED TO UNDERWATER EXPLOSION



T - -
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Plate-pressure

mme= o FringeLovel Z-displacement on Bottom (LS-DYNA) LS-DYNZ
min=0.258704, at node# 11127 £
max=0744524. st node# 10719 SN ——B1_Elm_9906 ——B2_EIm_10020 ——B3_Elm_9681
5.988e-01 _
5.503e-01 14 T
5.017e-01 — 4
4531601 e 1.2
4.045¢-01 : 1 -
3.569e-01 S
3.073¢-01 € 0.8 -
2.587e-01_| g 0.6 -
&
bT 0.4 -
N 0.2 -
0 — T T
Energies in LS-DYNA 0 0.6 0.8
Time (s)
Kinetic Energy Internal Energy Total Energy
Hourglass Energy = ===« External Work
7 0E+07 J High energy J High energy Difference of Z-Displacement at Bottom of Cylinder (LS-DY
6.0E+07 —UZ (B1-B3)
0.60 . . . L.
5.0E+07 The deflection is realistic.
0.50 :
S 4.0E+07 E ™\
> = 0.40 / \ /\
& 30E+07 2 030 \
: fml ./ \ /
2.0E+07 2
/\) 9! < g 0 / \\ // \ //
1.0E+07 << S 0.00 . . . . .
z 0.10 0.2 0\4 / 0.6 0.8 \ /1 1.2
0.0E+00 e ~ \J
0 0.2 0.4 0.6 0.8 1 1.2 14 -0.20 -
Time () Time (s)
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Analysis process for ANSYS
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NANSYS

* Objective: Convert code from MATLAB to ANSYS language

Model Preparation

Pressure Calculation

Direct Integration

|

Structural model

y!
Fluid field mesh

!

Reaction force
calculation to nodes

|

Method

¢ Transient solution
¢ Calculate for all model
e Time consumption

OR

Export hull model

¢
Constraint DOF

to all nodes on hull

4

Static analysis
for reaction force

Modal Superposition

Modal analysis

|

Create modal basis

!

Transient solution

NUMERICAL SIMULATION OF SURFACE SHIP HULL BEAM WHIPPING RESPONSE

DUE TO SUBMITTED TO UNDERWATER EXPLOSION

p+),
\:’




StXFrance %am
NANSYS

Advanced Design

EMship+),
O

Example 2: Semi-cylinder model

Pressure on Bottom (ANSYS)

Pressure on Side (ANSYS)

----- Bl_870 ——B2.9002 -----B3_7897 -----81_6749 ——82 6779 -----83_6809
1,2E+07 8.0E+06 -
7,0E+06
1,0E+07
6,0E+06
8,0F+06 ——— . . . . f
g Pressure load calculation is validated in ANSYS program !
< 6.0E+06 {——— . A
2 2 30E+06
2 4,0E+06 g™
~ A 2,0E+06
+
20706 10E+06 3
0.0E+00 e . 0.0E+00 = : : . e . |
0.2 0.4 0.6 0.8 1 1,2 1.4 0.2 04 0.6 0.8 1 1,2 14
-2,0E+06 ~LOE+06 - TIme (s)
TIme (s)
Charge location Final Pressure on Bottom (LS-DYNA) Final Pressure on Side (LS-DYNA)
: ===B109906 ——B2.10020 === B3_9681 ===181_12306 ——S2_12309 ===S§3_12312
1.2E+07 | 7.0E+06 -
1,0E+07 | 6,0E+06 |-
5,0E+06
= 8,0E+06 | =5 r
% S 40E+06 |
£ 6.0E+06 | £
2 2 3,0E+06 |
£ 40E+06 | £
2,0E+06 |
2,0E+06 | 1.0E+06 | .
0,0E+00 . 4__.‘-1-“ | 0,0E+00 I ..!f\.. | | e | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s) Time (5)
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Results of semi-cylinder model ANSYS

e Static analysis ®* Transient solution

by model superposition

o Displacement is should be
zero attime O

o Too high deflection > 14m !!!

Difference of Z-Displacement at Bottom of Cylinder (ANSYS)

®* Modal analysis 1::2 — vz@By)
6.00 \ N\
E 0l Deflection is not realistic !
% e 0I2 \\ 0‘4 0I6 })78/ I1 1I2
= : : : : ;
E 2,00

N/
\__/

-8,00

Time (5)
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Example 3 : Frigate ship model ANSYS

e Length ofall: 95.0 m
e Breadth: 14.0m
 Draught:4.75m

64.75 m

A
Charge location —"'g‘x L 5

%
— Charge location

E
B | CaseDescripon
n Shock factor = 0.6

— m TNT charge mass, m_= 1296 kg
- Distance from charge to free surface, =64.75 m

_ Distance from charge to standoff point, r =60 m
- Density of charge, = 1600 kg/m3
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Results of Example 3 ANSYS

* Transient solution by modal superposition

Difference of Z-displacement at Bottom (Frigate ship)

—UZ(B1-B3)
zi: Displacement should be zero at time 0
— 0.10 ™\ / /\ N\
£ o X A ANAN
PN AN Y N A
SO A A W
=\ \J \/ \

\J \/

-0.15

-0.20

Time (s)
Deflection seems to be more realistic
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Conclusion

* DAA analytical model, representative of the reality, has been chosen
® Secondary bubble oscillation phase has significant influence on structure
®* Model superposition method leads to unrealistic results

=>» This method is suitable only for small displacements (it is not the case here)

* Direct integration method
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Future work

* Perform shock response analysis for one or several embarked materials using

Dynamic Design Analysis Method (DDAM)

e Examples : Shaft line or / and pipes line
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