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Bomb Strike for Mine Clearance

ONR JDAM Assault Breaching System (JABS)
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SRI Bomb Trajectory Experiment

« SRI International performed an experimental research
program in which 1/12-scale high fidelity Mk84 bombs
were launched into a deep-water pool at velocities of up
to about 1000 ft/s.

 Using two underwater high-speed video cameras, they
determined the underwater trajectory of the Mk84 bombs
for a nominal vertical entry and for different possible tail
configurations included a complete warhead section with
(1) a tail section and four fins, (2) a tail section and two
fins, (3) a tail section and no fins, and (4) no tail section.
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SRI Experimental Data
(Two-Dimensional, 12 Sets)

« With a Tail Section: - COM location only, no
orientation data

e No Fin; Test-16, -17, -18
e 2FiIns: Test-10, -11, -19
 4Fins: Test-2, -3, -4.

e With a Tail Section = COM location and
Orientation

e Test-13, -14, -15

o Only the three sets of data are used for STRIKE35
development and Verification
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Model-Data Inter-Comparison
STRIKE35 vs SRI Experiment (Test 13)




Model-Data Inter-Comparison
STRIKE35 vs SRI Experiment (Test 14)




Model-Data Inter-Comparison
STRIKE35 vs SRI Experiment (Test 15)
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Prediction of Bomb Maneuvering Trajectory
BOMB FALL LINE

Above Ground Flight Path
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3D Bomb Maneuvering Model
(STRIKE35)

* Triple Coordinate Systems
 Momentum Equations
 Moment of Momentum Equations

« Parameterization of Hydrodynamic Forces and
Torgues on Bomb
e Supercavitaion
e Bubble Dynamics
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Triple Coordinate Transform

« Earth-fixed coordinate (E-coordinate)

 Bomb’s main-axis following coordinate
(M-coordinate)

* Hydrodynamic force following coordinate
(F-coordinate).



E and M Coordinate Systems




E-Coordinate, F(O, L, J, k)

« COM Position: X =xi +yj + zk,
e Translation velocity:

dX/dt=V, V=(uyv,w)
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Transform Between E- and M-

Coordinate Systems
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F-Coordinate System
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E- and F-Coordinate Transform

hi
iF = iM = 7"21 . jF = Vz/ lel, kF = iF XjF.
r31 | N
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Momentum Equation in E-Coordinate

System
u 0
d p. DV 1
—| v |= 0 +—=——+ (F,. +F,),
dt p Dt pIl
wl L&p,/p-1)_

F, Is hydrodynamic force (drag, lift)

F, Is the bubble force (drag, lift)



Moment of Momentum Equation in M-
Coordinate System

dm®
J—=M_+M +M +M,
dt

Inertial terms are small



M-Coordinate

The moment of gyration tensor for the axially
Symmetric cylinder is a diagonal matrix
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J|

0 0
0 J, 0],
[o 0 J,
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Bomb Trajectory Modeling

Dynamic

Fluid
Model

.
Cd’ C:|
Dynamic /

Bubble
Model

Drag & Lift
Forces/Torques

Core Physics
Bomb Trajectory
Model (STRIKE 35)
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There 1s no existing formulae for calculating
C,and C, for MK-84 Bomb.



Two-Step Modeling

e (1) Determine drag and lift coefficients for a
particular bomb (usually from experiments)

» (2) Predict bomb trajectory using stand-alone
bomb strike model (STRIKE-35) with the known
drag and lift coefficients.
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Dynamic
Fluid
Model

STRIKE 35 Modeling
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Dynamical Determination of
Drag/Lift Coefficients

UNCLASSIFIED



OYNCLASSIFIED

S bomb elevation angle /" bomb velocity angle
a=[—y :attack angle f, : Gravity
V : water velocity relative to Bomb

m. .
c :center of mass V. : center of volume

f. - center of drag and lift forces

fyag - dragforce  fi, :liftforce %, :buoyancy force

o :the distance between m, and f,

O, the distance between M, and V.
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Theoretical Base

dv
m a0 (oIT—m)gk + farag€a + Tiney
dQ
L= =r,xf, +1, X (Fopag + i )+ M,

Here, v Is the translation velocity of COM,
Q Is the angular velocity.



Determination of C, and C,
from Experimental Data

(oII—m)gkee, —mdv/dtee,
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Analytical Formulae for (C,, C,) Using
Three Sets of SRI MK-84 Data without Talil

(8sin(2a)(Re

2.5sIn(2 '
c - sin(2a) min

\

Re . =1.51x10’

ref

Re

O.34‘sin(2a)‘(R

|

Re
Reref

0.16sin(2c)

eref
+0.02
Re

|

Reref
Re

2
j +0.02  ifsin(2a)>0and Re>Re,,

otherwise

1.2
] If sin(2a) >0

If sin(2a) <0

UNCLASSIFIED



Determination of Center of Hydrodynamic
Force from Experimental Data

* O —O0,
Uf —
L

2 Q
[I-(mer+9deje ~0o, (e, xf,)-e, +1C pDL(LZV I_‘QG‘+2V0 +‘ GHQ
dt dt 2 6 8 2

O':L: 1 1 — -0,
e, x(sz pDLV e, +2c:I pDLV %e, j-er




Analytical Formulae for o, Using
Three Sets of SRI MK-84 Data without Tall
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STRIKE35 and SRI Data Inter-Comparison
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STRIKE35 and SRI Data Inter-Comparison
Test-13
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STRIKE35 and SRI Data Inter-Comparison
Test-14
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STRIKE35 and SRI Data Inter-Comparison
Test-14
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Y(m)

=200

STRIKE35 and SRI Data Inter-Comparison
Test-15
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STRIKE35 and SRI Data Inter-Comparison
Test-15
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Conclusions

e (1) STIRKE-35 has capability to predict bomb trajectory.

e (2) A key issue for the prediction is the determination of
drag and lift coefficients (C,, C,) for a particular bomb.

* (3) Bomb trajectory experiment is needed for determining
(Ca Cy)-



