
AD-A168 888 UNDERWATER EXPLOSION MODELING OF AN ENERGY ABSORPTION t/i
SYSTEM(U) DAVID N TAYLOR NAVAL SHIP RESEARCH AND

I DEVELOPMENT CENTER BETHESDA MD D D MORAN ET AL. MAY 86
UNCLASSIFIED DTNSRDC-86/812 Fi G 19/4 NL

EhEEEEEEEEEEEE
ElIIIIII



- ~~~. -.--- v-.r

is. 311 012112

111 11111240
I4N-

1111.25 1 4 51111
* 11111 ME 6

NA ~ 1



8 DAVID W. TAYLOR NAVAL SHIP
I RESEARCH AND DEVELOPMENT CENTER

gommikOf irmW 300844=0

0
00co

UNDERWATER EXPLOSION MODELING OF

AN ENERGY ABSORPTION SYSTEM

by

z D.O. Morm
0M. .,

0

SAPPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED.
z

U.
0

SHIP PERFORMANCE DEPARTMENT
2
0 RESEARCH AND DEVELOPMENT REPORT

AL
x

w May 1986 DTNSRDC-86/012



MAOR DTNSRDC ORGANIZATIONAL COMPONENTS

COMMANI)ER 0
TECHNICAL (IRECTOR

________01j

OPPICIN-CHARGE OF_______CARG
CARDEROCK a ANNAPOLIS 4

SHIP SYSTEMS
INTEGRATION
DEPARTMENT

12

SHIP PERFORMANCE I AVIATION AND

DEPARTMENT - SURFACE EFFECTS
1j DEPARTMENT. . 15 16

STRUCTURES COMPUTATION.

DEPARTMENT MATHEMATICS AND
LOGISTICS DEPARTMENT

17 18

SHIP ACOUSTICS PROPULSION AND
- AUXILIARY SYSTEMS

DEPARTMENT DEPARTMENT
19 27

SHIP MATERIALS CENTRAL
ENGINEERING INSTRUMENTATION
DEPARTMENT [ DEPARTMENT28 29

"DSTUCTION NOTICE - F 4Mlfl demaeus, tlow ihe procedu m In l)o)
52S.Z2M. Ioedmgual Semr y Hamd, Sadm 11.19 or [D) $l..R, I. ilor o sfmrft)}
Prows Iles thm. Cbmpkr IX. For memmllihi, Al daorc 0nts., i.roy by any meth d
tlhat wpllieven diAee atcoot or rmmerwtles of the dwwwae."



UNCLASSIFIED
SECURIrY CLASSIFICATION OF rils PAGE

REPORT DOCUMENTATION PAGE
la REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS

UNCLASSIFIED

2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/AVAILABILITY OF REPORT

APPROVE.D FOR PUBLIC RELEASE; DISTRIBUTION
2b DECLASSIFICAT"ION i DOWNGRADING SCHEDULE IS UNLIMITED.

4 PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S)

DTNSRDC-86/012

6a NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION
David W. Taylor Naval Ship (if applicable)

R&D Center Code 0120

6c ADC)RESS (City. State, and ZIPCode) 7b ADDRESS (City. State. and ZIP Code)

Bethesda, Maryland 20084-5000

Ra \ . OF I'UNDING:SPONSORING 8b OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
OCi.,'GNArON (If applicable)

Naval Sea Systems Command PMS 407

%)R; s (C, y State. and ZIP Code) 10 SOURCE OF FUNDING NUMBERS

National Center NC3 PROGRAM PROJECT TASK IWORK UNIT

Alexandria, VA ELEMENT NO NO NO jACCESSION NO

_ 63502N S0262M001
:nc lude Security Classification)

UNDERWATER EXPLOSION MODELING OF AN ENERGY ABSORPTION SYSTEM

-' RSONAL AUTHOR(S)
Moran, David D. and Dipper, Martin J.

* 'i. jF REPORT I13b TIME COVERED 14 DATE OF REPORT (Year, Month, Day) 15 PAGE COUNT

Final I FROM TO 1986, May 23
'b PP iV FNTARY NOTATION

COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

GROUP SuB-GROUP Explosion Modeling

Pressure Chamber to Simulate Explosions

A Ai Ar (Continue on reverse if necessary and identify by block number)

An investigation was conducted by the Special Ship and Ocean Systems Dynamics

Branch, David W. Taylor Naval Ship Research and Development Center (DTNSRDC) to

evaluate the dynamic performance of a nondetonating underwater explosion laboratory

model for application in the small-scale simulation of the dynamic effects of under-

watLer explosion pressures. The laboratory model was demonstrated with an explosion

energy absorption system incorporating a flexible rubber diaphragm, filled with water,

whIch Inverts when subject to underwater explosion pressure. Explosion energy is

dissipated in the work done in inverting the diaphragm and vertically accelerating

the water.

A small-scale model of an energy absorption tank was constructed and tested to

allow examination of operational parameters fundamental to the energy absorption

concept. A technique was developed to produce a range of explosion pressures to
(Continued on reverse side)

... . OS4, ('ON, AVAiLARILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION

V)IASSIFEf) UNLIMiTED [0 SAME AS RPT 0 DTIC USERS UNCLASSIFIED

. AE OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) 22c OFFICE SYMBOL

David D. Moran (202) 227-1275 Code 0120

DO FORM 1473, A4 MAR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete __JNCLASSIFI ED"



-Z -y . -WWI"-

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

(Block 19 continued)

excite the energy absorption tank. The technique utilized high speed
photography allowing visualization of the operational performance of a tank
which has been subjected to an underwater explosion event. Flexible diaphragm

inversion and water acceleration demonstrate distinct dynamic trends and are
unsteady processes. The experimental results indicate that the dynamic trends
characterizing these processes were repeatable in form over the range of
explosion pressures. Forces obtained through this technique represent forces
imparted to the tank through the resistance screens and top grate as impedi-

I ments to water flow. Water flow impedance provided by a resistance screen
was found to be a function of resistance element position within the tank.
The magnitude and duration of the impedance forces could be changed through
variation of the resistance element vertical configuration. The results of
this investigation demonstrate the capabilities of this testing technique
and small-scale laboratory model.
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NOMENCLATURE

D Shock factor: D = vrwR [pounds I/2 feet -1]

F Force as a function of time F(t)

Fn Froude number: Fn = V/l

G Top grate in the numbered screen sequence (1), (2), (3), (G)

g Gravitational acceleration

L Characteristic length

n Integer time step

R Slant distance from explosion charge point to the point
of interest

t Time

V Velocity of water surface

W Weight of TNT (normally given in pounds) or equivalent weight
of the explosion charge

- w Work performed on structure by water passage

. w Time rate of change of work

X Vertical position of water surface

- X Scale ratio for the subscripted variable
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ABSTRACT

An investigation was conducted by the Special Ship and Ocean
Systems Dynamics Branch, David W. Taylor Naval Ship Research and
Developnent Center (Dl'NSRDC) to evaluate the dynamic performance
of a nondetonating underwater explosion laboratory model for
application in the small-scale simulation of the dynamic effects
of underwater explosion pressures. The laboratory model was dem-

" "onstrated with an explosion energy absorption system incorporating
- . a flexible rubber diaphragm, filled with water, which inverts when

subjected to underwater explosion pressure. Explosion energy is
dissipated in the work done in inverting the diaphragm and verti-
cally accelerating the water.

A small-scale model of an energy absorption tank was con-
structed and tested to allow examination of operational parameters
fundamental to the energy absorption concept. A technique was
developed to produce a range of explosion pressures to excite the
energy absorption tank. The technique utilized high speed photo-
graphy allowing visualization of the operational performance of
a tank which has been subjected to an underwater explosion event.
Flexibile diaphragm inversion and water acceleration demonstrate
distinct dynamic trends and are unsteady processes. The experi-
mental results indicate that the dynamic trends characterizing
these processes were repeatable in form over the range of explosion
pressures. Forces obtained through this technique represent forces
imparted to the tank through the resistance screens and top grate
as impediments to water flow. Water flow impedance provided by a
resistance screen was found to be a function of resistance element
position within the tank. The magnitude and duration of the impe-
dance forces could be changed through variation of the resistance
element vertical configuration. The results of this investigation
demonstrate the capabilities of this testing technique and small-
scale laboratory model.

ADMINISTRATIVE INFORMATION

This investigation was performed under the authority of the Naval
Sea Systems Crninand, PMS 407, Task Area S0262MW001, Program Element
63502N, and sponsored by the Naval Coastal Systems Center, Code 721,under David 4. Taylor Naval Ship Research and Development Center,
,kWrk Unit 1562-101.

INTRDUCTION

The performance of underwater explosion tests on vehicle concepts
and systems is a major experimental undertaking and can be quite expen-
sive for parametric analysis of new systems. Design exercises, which
require an evaluation of underwater explosion response, but do not
warrant a full and detailed experimental study, may be examined on a
small-scale throuqh modeling of the explosion event. Parametric studies
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fall in this category when the functional relationships between variables

are more important to the design development than an exact characterization
of the full-scale event. In those cases where the functional relationships
can be developed empirically, the absolute magnitude of the response can
be established through conventional underwater explosion testing for a
single value of the shock factor D

D =WR

where W is the charge weight in pounds TNT and R is the radial distance
(slant standoff) in feet. The effect of other conditions may then be
established through the empirical parametric functional relationships.

In the present study, the design system under investigation is an under-
water explosion energy absorption tank which may be used as an underwater
explosion protection system. The energy absorption system consists of a water
filled tank which has at its base a flexible rubber diaphragm containing sea-
.ater, and at its top a series of resistance screens and a top metal grate.
When subjected to underwater explosion pressure, the flexible rubber diaphragm
in the tank inverts, accelerating the water vertically, and dissipating explo-

@1 sion energy in work done on the water mass. The vertical water flow within the
tank is impeded by the series of resistance screens and the top metal grate.
Restriction of the water flow is intended to prevent separation of the water
mass fron the inverted rubber diaphragm establishing a capability for diaphragm
survival when subjected to repeated pulses of underwater explosion events.

The success of the explosion energy absorption system is dependent upon
its ability to stretch out the effect of the explosive forces. Operational
properties fundamental to the concept are the rubber diaphragm inversion
process, water moticn and water impedance. The effectiveness of the resistance
screens and meta' grate in successfully impeding ballast-water flow without
imparting damaging explosive forces to the tank is an extension of the
present investiqation.

An explosion modeling technique has, therefore, been developed which simu-
lates, on a model scale, the operation of an explosion resistant energy absorp-
tion system. A small-scale model tank was constructed to represent the basic
fundamental operational properties of the energy absorption system. Test data
were recorded and analyzed to characterize the general dynamic performance of
the system, and to dir:nrstrate the capabilities of this technique for future
design applications.

EXPERIMENTAL MUE'HOD

The technique developed to simulate the dynanic performance of the explo-

sion enerqy absorption system used the s:.1 1-scal, r-iel tank shown in
Figure 1, and the model dimensions are -1, n in Tabe 1. The tank was built
in two sections, both with the sarr qunr- pittrn. The to)p section of the
module, referred to here as the test .. "r o;(n, h()ous , h,, reetal grate and the

' interchanqeable qrid resistance pieces. " , p wrjto (;) is rmovab],e and is

used only at the top of the test section. ,ic ( -T.1 ,t, ,.n i- removahle
and can be placed within the test sect in ,t ,.v f Ifir,-, i l'rt, [sitions.

x7' -,- A m
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. The m tal screens and grate (resistance elements) are mounted within the test
section perpendicular to the ballast-water flow at the positions shown
in Figure 1. The lower section, referred to here as the flexible diaphragm

% rsection, houses the flexible diaphragm which forms the bottom of the water
mass container. Decoupling the test section and the tank or flexible
diaphragm section allows measurement of the ballast water flow impedance
provided by the series of screens and the metal deck grate. One vertical
face of the model ballast tank is constructed with clear plexiglass, allowing
the inversion process and water flow to be photographed.

The explosion pressure which acts on the flexible rubber diaphragm is
simulated by the rapid expansion of compressed air from a pressure chamber
into the flexible diaphragm section of the tank. This modeling is not
meant to account for the impact effects of a water plume, but rather include
only the effects of a rapid rise in pressure. The pressure chamber, shown
in Figure 1, consists of a vertical aluminum cylinder closed at its lower
end, and capped at its upper end by a flange with an orifice equivalent
in dimension to the opening at the lower end of the model ballast tank.
A rupturable seal is inserted between the two flanges closing the pressure
chamber orifice. This establishes a pressure impulse source. The rupturable
seal consists of two sheets of cellulose acetate with an electrical wire
placed between the two sheets. The pressure chamber can be pressurized
with cnpressed air to a known static pressure which loads the seal across
the orifice. When an electrical current is applied through the wire, it
overheats and burns and ruptures the acetate, allowing rapid expansion
of the compressed air into the sealed volume under the tank. With a static
positive air pressure in the pressure chamber, rupture of the seal marks the
start of the event. The compressed air expands into the flexible diaphragm
section, loading the diaphragm from below and thereby driving the inversion
process. The water (mass) is thrust upward through the test section, con-
tacting the resistance elements which impede the flow.

Evaluation of the modeled event requires measurement of the parameters
controlling the inversion process and impeding the upward water flow. For
testing purposes, the initial static chamber pressure must be known to
establish a reference pressure associated with variations in the flow of
the water mass. The time-dependent pressure rise in the flexible diaphragm
section must be known to describe dynamically the pressure which loads

- the diaphragm thereby causing diaphragm inversion. This dynamic pressure
is analogous to the pressure experienced by a diaphragm due to an underwater
explosion plume. The force imparted on the test section due to ballast
water flow must also be known in magnitude and duration. This force repro-
sents the shear force on the walls of the test section and drag on the
r, sistance screens. The force due to ballast-water flow is measured tn

Sd(etermine the effectiveness of the screens and top grate in successfully
impeding this flow without impartinq damaqinq impulsive forces to the tank.

Further characterization of the modeled event was established through
hiqh speed (500 frames) photography. Slow speed and stop action playback
of the filmed event allowed detailed examination of the inversion of the

*' flexible diaphragm and water surface deformation. Displacement and velocity

'-" b -<. *- / '..'-0 - ;... ...-. v....* " " " *
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ballast-water leading edge were determined using the film speed time base.
The photographic time base was synchronized with a recorded analog time
base which allowed comparison of filmed results with recorded force and
pressure information.

Pressure and force information which characterize the modeled explosions
, - were recorded on analog tape. Two (Kulite 0-10 psig) pressure gauges moni-

tored pressure in both the pressure chamber and in the flexible diaphragm
section. The ballast tank test section was supported by one DTNSRDC 4-in.
block gauge in a cantilevered configuration to produce force information.
This force output signal was generated by electrical resistance strain
gauges mounted on the block gauge flexures.

A two-phase test program was established to characterize the general dy-
namic performance of the tank and to demonstrate the capabilities of the test-
ing technique. Since anticipated full-scale explosion pressures are never
known a priori, the first phase of the test program included a series of ex-
plosion simulations conducted at a constant test section configuration over a
range of explosion pressures. The information obtained from this phase of the
program indicates the flexibility available in simulating explosion pressures
with this testing technique. The second phase of the test program included a
series of explosion simulations conducted over a range of test-section config-
urations at a constant explosion pressure. This phase was designed to inves-
tigate the change in impedance force effected through variation of the vertical
location of the test section resistance pieces. The test program was designed
to investigate the dynamics of the tank as a function of both explosion pres-
sure and model configuration.

EXPERIMENTAL ANALYSIS

Analysis of the experimental data was straightforward involving direct
4] observation of the modeled event and observation of films and analog oscillo-

graph output. Frame-by-frame playback of the 500 frames/film allowed deter-
mination of displacement and velocity of the ballast water leading edge.
Displacement as a function of time was treated as a discrete variable using
the 2-ms time base as a reference. Velocity as a function of time was

* (ditermined at these discrete time steps as the difference in two plume levels
divided by the time interval according to the linear difference equation:

V(tn) = (X(tn) - X(tn-l)))/(tn - tm-1)

where X(t) is the height of the ballast water leading edge at a discrete tim
-: stop t, and V(t) is the velocity at each discrete time step.

The water-surface contour was also observed and sketched at each fram ,

step. Diaphragm deformation during inversion was also observed and sketched
at each time step. Examination of the flexible diaphragm section pressure
time history yielded pressure rate and maximum magnitude of the pressure load
on the flexible diaphragm. Examination of the test-section force-time history
indicated the magnitude and duration of the force imposed on the test section
by the accelerated water.

4

.- _ -,., . - . - *. - , - ' i - .i-* . - -- - • . -. ' -



The data analysis performed to determine dynamic trends in the operational
,g properties of the tank involved examination of superimposed pressure, force

and velocity time histories. Graphic analyses of pressure-time history over-
lays were performed to support the assumption of repeatability in explosion
pulses as a function of a fixed initial chamber pressure. Force-time histories
were superimposed to obtain a measure of force variation due to a configuration
change for a specific explosion pulse. Ballast water velocity plots were
over-laid to characterize the inversion process over a range of pressures.

SCALING

The important consideration in scaling is the energy of the simulated ex-
plosion. Since energy is (directly) proportional to the characteristic pres-
sure for a given displacement, the measured pressure in the system gives a
linear scale of explosion intensity. Further, since the energy is proportional
to the square of the fluid velocity, conventional Froude number (Fn) scaling
can be applied to the phenomenon such that the scale ratios are given by:

X

Fresh water was used for ballast water and its weight may be scaled by the cube
of the geometric scale ratio. The air pressure pulse representing the explo-
sion pressure may be scaled directly as the scale ratio. The water velocity

" may be scaled by the square root of the scale ratio, and drag or force on the
resistance pieces and test section may be scaled by the cube of the linear
Acale ratio.

EXPERIMENTAL RESULTS

The experimental results have been prepared to aid in the assessment of
the general dynamic performance of the explosion-energy absorption systems and

0to indicate the capabilities of the testing technique. Dynamic properties of
tht - hballast tank include the diaphragm inversion process, upward ballast water

- mo-tion, and water-flow impedance.

* in the first phase of the test program, a series of explosion simulations
. w,re, conducted at a constant test-section configuration over a range of explo-

'- n pessures. The tank was configured with only a top metal grate.

hvt -aphIc records treduced to display the water surface and diaphragm
r";ntur f,)r one explosion simulation are presented in Figure 2. The velocity
' th,, jater is defined by the leading edge of the interface and is given in

" : 3. A-cr:leratinn of the hallest wator leadinq edge is ohtainahbo as th(,
', f the vlocity curve. Examination of each velocity plot reveals a s;ta-
hiLizat ion 'n accEleration following the last major curve inflection. The
i"lhpe of this trailing portion of the curve is approximately -1 g. Further
.X- imiration of the photographic records indicates that the flexible diaphragm
is fill! inverted just prior to this stabilization. The ballast-water flow at
fll hiaphra,', inversion is subject -Orm)st entirely to acceleration due to

rv'.'~ y :alone, ,is suppo)rted .by this tbserved stabiilization in acceleration.

*



The major inflections in the velocity curves shown in Figure 3 can be as-
sociated with the change in shape of the water-surface contour. A sketch of
ballast-water contour and diaphragm deformation at discrete relative time steps
is presented in Figure 2b. All events that were filmed demonstrated an initial
ballast water rise with a concave up surface contour followed by a transition
to a convex up contour as the water mass elongated and the leading-edge velo-
city increased. This transition in surface contour frcn concave to convex is
coincident with the first major inflection observed in the velocity curves of
Figure 3. The second major inflection can be linked to the occurrence of full
diaphragm inversion. It should be noted that these curves and inflections
denote a change in ballast-water leading-edge velocity and shape, not a change

* in the velocity of the entire ballast-water mass. Comparison of Figures 2a
and 2b shows that the ballast-water surface contour is influenced by the shape
of the flexible diaphragm which primarily causes the initial concave ballast-

- water contour as the diaphragm is observed to be initially constricted about
its perimeter rather than inverted from its center.

The effect of simulated explosion pressure is shown through a conparison
of the curves plotted in Figure 3. Inflections in these velocity curves reveal
that the nonuniform diaphragm inversion process shown in Figure 2 has a sign-
ificant effect on water velocity. However, the curves demonstrate a consistent
dynamic trend over the entire range of explosion pressures, identifying the
water motion and diaphragm-inversion process as repeatable in form and indepen-

- dent of the magnitude of the inversion driving pressure. The consistent in-
crease in initial slope of the velocity curve with increased explosion-pressure
magnitude shows that the inversion-driving pressure controls the magnitude
of the water acceleration.

The maximum interface velocity is presented as a function of pressure in
Figure 4. A data point on curve 1 is obtained by averaging all the velocity
points, for a given pressure, which were determined over the entire event. A
data point on curve 2 is obtained by averaging only those velocity points, for
a given pressure, which were determined after full diaphragm inversion was
realized. Figure 4 can be used to estimate the average velocity or near max-
imumn velocity of the ballast-water leading edge expected for a bound, but
contiluous, range of explosion-driving pressures. The curves shown in Figure
4 are quadratic, thereby demonstrating the expected relationship between the
pressure and the square of the velocity.

In the second phase of the test program, a series of explosion simulations
was conducted over a range of test-section configurations at a constant explo-
sion pressure. The objective of this phase of the test program was to deter-
mine the forces on the tank in impeding water flow, and to identify the dynamic
behavior of particular resistance screen configurations. The positions of the
removable metal screens and top-grate resistance elements are labeled in Figure
1. The lowermost screen in the test is the first contacted by the accelerated
ballast water and is referred to as screen position (1). Moving upward within
the test section are screen positions (2) and (3), with the deck grate at the
top of the test section. Twelve screen and top grate combinations were tested
at one characteristic explosion pressure. The resultant test-section forces

6
6
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and associated pressure traces for each particular ballast-tank configuration
are given in Figure 5. Each force trace defines the force experienced by the
test section at a particular configuration due to contact with the accelerated
water mass.

The dynamic behavior of the ballast-water impedance process is demon-
strated clearly through the graphical superposition of individual force
traces shown in Figure 5. Examination of Figure 5a indicates that the
force magnitude for a fixed projected area (screen area) will decrease
with an increase in positioning height of the screen within the test
section. This overlay also reveals that the force duration at a fixed
projected area will increase with positioning height of the screen. This
effect of screen positioning is also supported by the photographic results
of Figure 2. As the water is accelerated through the tank, then water plume

- elongates and narrows. As a result, less area of the upper position screens
is contacted, but the area contacted is wetted for a longer time.

Figure 5b demonstrates the effect of summing resistance elements. This
surnation series spanned four explosion simulations with an initial test sec-
tion configuration of the top grate only. Each successive configuration tested
in this series required the addition of another metal screen, progressing to a
full configuration by adding screens from the top section down. With the addi-
tion of each screen to the lower test section positions, the initial rise in
force of each trace occurs at progressively earlier times and the maximum force
magnitude increases. The form of the force trace becomes sharper as screens
are added. Figure 5c also demonstrates the effect of summing resistance ele-

. ments. Tn this series of explosions, the initial configurations included only
the bottom screen; successive configurations in the series were established by

.. inserting resistance elements in positions progressing upward until a full con-
figuration was obtained. Through this addition of resistance elements, the

*" rise in force of each trace occurs at approximately the same time, following
the same general slope. Both force magnitude and duration increase with this

,-. addition of elements, with each force trace demonstrating consistency in form.
Both Figures 5b and 5c ionstratc that multiple-resistance-element configura-
ti,-,n impedance forces are a direct function of individual-element position.

-Lirnir sup rposition ot individual element impedance forces to approximate
the, farce f the epuivalent multiple element configuration is qualitatively
.,pp-,,ri.t when th,- individual ,lment f,)rces are known at their respective

S-. ,) ti',5 in the multiple c, nfiur-ation. This comparison can be illustrated
*- - e tthertr uh -in val iiatic)n ,f the total force to which the model is subjected

-r thrjqh i :il',latin of the enerqy absorbed by the structure. In the first
A 'nr, I at.I.mF-;a f )rc,, f1 't i n.; i-- s. ow)n in Figure 5. The results of in-

• V r I. r .. . . uT, IThi'I i n Table 2 for sinqle and mul-
-' -, : n r; , tr q,'ri . !'h, first five figures shown are

- . f-. I r r.'1,t ,r ,;, elements. The element (0)
---.. '~,.,..~- t ' h r t - . th, wl l ff the test section, and is,

S, .,1 t. :1.,u.t v jI'ie- tr ss of the model con-
, * ; i., -,,It p l-i.I-nt-nt ',rt ii t l,)n-, the, measured force may be

"' !I. * .t..' i int-r, r- ,i f ity ,h t.ained by :ddinq the appropriate

e.q °



quantities for the individual elements. The shear force (0) must be subtracted
from multiple element calculations in order to obtain the figures shown in the
table. For example:

E (1,2) = E [E(l) - E(0)1 + [E(2) - E(0)] + E(0) = F(l) + F(2) - F(0)
4.38 + 2.60 - 0.52 = 6.46

The comparison of measured and superimposed effects of the resistance ele-
ments can also be demonstrated through an analysis of the work done on the
fluid due to water passage through the elements. The rate at which work is
done (w) may be computed as the product of the measured force as a function

*" of time (F(t)) and the measured fluid velocity V(t). An example of the rate
*of work function computed for a full configuration of resistance elements

(1+2+3+(;) is shown in Figure 6.

The total energy absorbed by the fluid is the integral of the work func-
tion over the effective time interval. Calculations of absorbed energy have
teen made for individual and combinations of elements through numerical inte-
qrations of functions similar to that shown in Figure 6. The results of these
calculations are summarized in Table 3, which is structurally the same as Table
2. The shear force energy (0) must be appropriately removed from the sumned
calculations as done similarly for Table 2. Although there is good qualitative
agreement between measured and superimposed quantities by both methods, the
magnitude of the apparent differences cannot be explained through the results
of the present experimental procedure. One would expect differences because
of a slowing down of fluid by the upstream screens. However, this effect
should make "sunned" greater than "measured", which is not always the case.
The difference may be due to other effects which cannot be identified in the
experimental data.

CONCLUSIONS

The investigation conducted addresses an evaluation of the dynamic per-
formance of an explosion energy-absorption system. The experimental program
was designed to examine the fundamental parameters which define the performance
of a single tank with a flexible diaphragm and series of resistance screen
elements. The parameters investigated included simulated-explosion pressures,
diaphragm inversion, water acceleration and water-flow impedance. However,
this series of experiments was not designed to represent the spray dome, jet,

" and radial plume of an underwater explosion. The tests were conducted rather
to represent the effect of the water mass passing through specified resistance
elements. The following conclusions are drawn from the results of this experi-
ment:

- The technique provides an efficient means of simulating a range of
-. explosion pressures on a small model scale.

" Examination of the inversion process reveals that the flexible dia-
phragm is initially constricted about its perimeter and then rolls
up along its edge rather than directly inverting frmn the diaphragm
center.

8



* •Dynamic trends characterizing the diaphragm inversion process and
water acceleration are repeatable in form over a wide range of explo-
sion pressures.

The forces obtained in this investigation do not represent the total
forces transmitted to the tank by an underwater explosion, but rather
represent forces imparted on the tank by the accelerated ballast water
through contact with the impedance screens, top grate, and viscous
shear on the walls of the tank.

* Water flow impedance provided by a resistance element is a function
of resistance-element vertical position within the tank.

* Magnitude and duration of the water-flow impedance forces can be
" changed through variation in resistance-element vertical con-

figuration.

* Linear superposition of individual-element impedance forces to ap-
proximate the force of the multiple-element configuration is only
appropriate when the individual-element forces are known at their
respective positions in the multiple configurations.
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Figure 5 - Impedance Forces on Tank Test Section and Associated
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Explosion Events--Demonstrates Change in Water
Impedance Force Associated with Change in

Model Test Section Configuration
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CONFIGURATION: (1) + (2) + (3) + (G)
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Figure 6 -Rate of Work Performed for a Full-Test
Section Configuration [(1), (2), (3), (G)]
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TABLE 1 - DIMENSIONS OF MODEL COMPONENTS

Test Section: 25.2 cm x 25.2 cm x 16.5 cm of 0.476 cm thick aluminum with
a 19.1 an x 16.5 cm x 1.3 cm clear plexiglass face

Flexible Diaphragm Section: 25.2 cm x 25.2 cm x 23.2 cm of 0.476 cm thick
aluminum with a 19.1 cm x 23.2 cm x 1.3 cm clear plexiglass face

- Pressure Chamber: 34.3 cm I.D. x 122.0 cm deep of 1.3 cm aluminum with
1.3 cm thick aluminum flanges capping the cylinder ends

Deck Grate: 25.7 cm x 25.7 cm x 0.64 cm brass frame with unidirectional
grating strips 0.0826 an x 0.51 cm spaced at 0.448 an on center

Metal Screens: 0.157 cm diameter stainless steel wire woven in a square
grid pattern with 1.3 an openings: 25.1 cm x 25.1 cm overall

Flexible Diaphragm: Rubber coated nylon 5-oz sail cloth rated at 150 psi--=hydrostatic pressure

Rupture Seal: Cellulose acetate sheet 45.7 an x 50.8 an x 0.0191 cm

.Rupture Wire: 16 AWIG-tinned copper (wire)

Water Masq: Fresh water weight 10.7 lb (4,853 gm)
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[ TABLE 2 -INTEGRATED FORC2E FOR RESISTANCE ELEMENTS-COMPARISON OF
MEASURED AND SUMMED INTEGRATED FORCES FOR VARIATIONS ON

RESISTANCE ELEM4ENT CO)NFIGURATION

Integrated Force, F

Resistance Elements in
Model Configuration Measured Summed

(0) 0.52

(G) 4.06 -

(3) 2.29 -

(2) 2.60

(1) 4.38 -

(1) (2) 7.50 6.46

(1) (2) (3) 8.33 8.23

(1) (2) (3) (G) 10.83 11.77

(3) (G) 6.67 5.83

(2) (3) (G) 8.02 7.91

(1) (2) (3) (G) 11.04 11.77

(2) (3) 5.73 4.37
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TABLE 3 - ENERGY ABSORBED BY RESISTANCE ELEMENT--COMPARISON OF
MEASURED AND SUNNED ENERGY FOR VARIATIONS ON RESISTANCE

ELEMENT CONFIGURATION

Enerqy (N - m)
Resistance Elements in
Model Confiquration Measured Summed

(0) 5.81 -

(G) 45.33

(3) 25.57

(2) 29.03

'- (1) 48.90

(1) (2) 83.73 72.17

(1) (2) (3) 93.00 91.89

(1) (2) (3) (G) 120.91 131.41

(3) (G) 74.47 65.09

(2) (3) (G) 89.54 88.31

(1) (2) (3) (G) 123.26 131.41

(2) (3) 63.97 48.79
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