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Total drag coefficlilent, and added mass coefficient are determined
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to be independent of entry velocity and model mass over a wide
4 range of test conditions. A method of predicting the accelerations
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This report is one result of the continuing effort of the

Naval Ordnance Laboratory in the understarding of water-entry
phenomena. The research reported herein was supported entirely
by the Naval Ordnance Systems Command, Codes 035 ané O54.
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Captain, USN
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LIST OF SYMBOLS

acceleravion

area to which drag coefficients are related
base area of the cone

buoyancy

total drag coefficient

instantanecus drag coefficient
steady state drag coefficient
friction drag coefficient

axial force

scceleration of gravity

penetration ratio

added mass constant

cone length

added mass

mass of model

bas2 radius of cone
resistance-capacitance time constant
instantanreous radius

depth (distance traveled after impact)
time from impact

instantaneous velocity

model velocity at impact
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INTRODUCTION

- Considerab.e effort has been devoted tc the sclution of the
water-entry problem as ciown in reference 1, which lists 135
reports on this subject. The theories presented in prior werk

. are in serious conflict, even for simple shapes such as cones.

For example, Hoover and Reardon, resference 2, use the assumption
attributed to von Kerman that the amount cf added mass gained
during impact depends only uron the size of the nody znd not at
: all upon the nose shape, while Shiffman and Spencer, reference 3,
< show that for cune-shaped bodies, the amount of added mass is a
: widely varying function of cone angle. This confusion of theories
A has been compoundzd Dy & relative lack of experimental data, with
» the exception of the work c¢f Watanabe, reference 4; Majer, reference
¢ 5; and Mosteller, reference 6. These early (prior tc 196C)
' experimenters, however, were severely restric’led by available
; instrumentation which limited impact velocity and/or configuration,
and inadeguate computing facilities which complicated the data
; analysis and essentially limited the practical number of tests
- conducted. During the last ten years, these difficulties have
F to a large extent been eliminated. Furthermore, facilities such
- as the large Hydroballistics Facility and associate Pilot Tank at
' the Naval Ordnance Iaboratory have been constructed specifically
for the study of water-entry phenomena. A program was initiated
at NOL in 1967 to obtain basic vertical water-impact acceleration
data for conical shapes and to reduce the results to a simple
form for engineering applications. The conical shape was chosen
because of similitude considerations. These indicated that for
any one cone angle the drag coefficient, based upon the area
intersected by the original water surface, remained constant; and
that a linear relationship exists between the distance penetrated
and the effective distance penetrated.

Bpte pen

TEST PROCEDURE

(o W T WS T A S 4

All experiments were conducted in a similar manner with the
. majority of the tests being made in the Pilot Hydroballistics
Facility at the Naval Ordnance Laboratory (Fig.l). The model,
containing a single axially mounted crystal accelerometer, was
. launched from an air gun (velocity, 30 feet per second and higher)
5 or dropped through a tube, such that normal impact with the surface
; of the water resulted. A cable (trailing wire) connected the
g accelerometer within the model to fixed electronics. The final
3 output of the gage was photographically recorded from a CR
oscilloscope. As the model neared the water surface, a trigger
screen was interrupted, causing a microsecond strobe lamp to
produce three flashes equally spaced in time, thereby exposing
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the film in an open-plate camera. Located beside the camera

was a photo-pickup that converted the light from the strobe into
voltage thet was electronically mixed with the accelerometer output
in the oscilloscope. The arrangement of equipment for these tests
is shown in Figure 2. The height of the trigger was adjusted

such that the reflection of the model on the water surface was
photograrhed, as well as the model. This technique resulted in two
photographs, one showing the model, generally above the water
surface, at three points in time; the other showing the voltage
output of an accelerometer, and the time of each exposure on a
common time base, displayed on an oscilloscope. Figure 3 shows a
sample of these data. Additional data samples are given in
Appendix A.

The models used in this test series were generally simple
3-inch base diameter cones of various half angles with cylindrical
afterbodies in which the accelerometer was mounted. 1In some cases
a sealing nut in the base of the afterbody was employed to insure
a waterproof condition for the gage. The use of the seal increased
the model weight by about 100 grams. Certain of the experiments
involved models of different construction when high deceleration
effects were desired. A special model with a l.5-inch-diameter
changeable nose, followed by a 1l.5-inch-diameter cylinder and then
a pair of 3-inch-diameter drag plates was used for some experiments
involving slender cones. The high drag of this model after entry
caused rapid deceleration so that it did not become damaged when
it hit the tank bottom. This permitted multiple tests on a single
model and reduced the overall cost of the program. A 20-degree
aluminum nose on this model showed no damage when launched at
velocities greater than 500 feet per second into less than 8 feet
of water. 1In all, twenty different models were tested. The
model details are shown in Appendix B.

Three accelerometers were used during the test series:
a high-capacitance, high-impedance multiple-crystal gage; and
two similar quartz gages possessing internal electronics and low
output impedance. The high capacitance of the multiple-crystal
gage reduced the relative error caused by changes in capacitance
in the cable (trailing wire) due to acceleration and other loads.

Quartz gages were used in the lightweight models, as well as
some cf the lighter than normal heavy models. An electronic
low-pass filter was often used with these gages to eliminate
ringing of the transducer or mcdel.

The large capacitor crystal accelerometer was used with a
charge amplifier to increase the system RC time constant when a
maximum acceleration of less than 30g was expected. An
electronic filter was also frequently used with this gage.

The gages, scopes, filters, and charge amplifier were
calibrated as a system. Several combinations were recalibrated
during the test series. Three methods of calibration were used
for each gage and electronics combination employed in the test

n
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NOLTR 71-25

series. The three calibration methods were: (1) shaker table
with optical measurement of displacement; (2) shaker table with
comparison with a standard gage; and (3) a one g drop.

In the one-g drop test, the gage and model were held by a
short length Of nichrome wire. A high curreni electric source
was applied to the wire, causing rapid melting and quick release.
This step pulse of one g was used t0 determine the leakage rate
of the gage-electronic system,as well as to determine the gage
constant.

The gage constants used for each system were the simple
averages of the values determined from 2ll of the calibration
techniques.

RANGE OF VARIABLES TESTED

In the test series, a wide range of variables was investigated
experimentally to establish theoretical postulations such as
similitude and added mass concepis. In general, 3-inch-diameter
models were tested, except for some 1l.5-inch-diameter noses as
explained in the previous section. This limitation in maximum
diameter resulted from the maximum barrel diameter available for
the air gun used. It is hoped that future tests will be conducted
on much larger diameter models to investigate the conclusion
reached herein that similitude does exist for cones. The ranges
of test variables were as follows:

1. total cone angle - 10 to 140 degrees
2. wvelocity - 10.5 feet per second tc 250 feet per second
3. mass - 128 grams to 9387 grams.

The distribution of these variations is given numerically in
Appendix C and graphically in Figure 4.

DATA REDUCTION

The "a priori" assumptions made in the data reduction were
that the external forces depend only upon size, geometry, actual
velocity, and distance below the water surface; and that the law
of similitude holds for cones. Additionally, it was assumed that:

1. Dbuoyancy force is calculated from original water surface;

2. friction drag coefficient is constant for all conditions;

3. steady-state drag-ccefficient is constant for each cone angle
and equal to the value obtained in water-tunnsl tests extrapolated

to zero cavitation number (reﬁ 7 for 0-U45 degrees, ref. 8 for
60-140 degrees, Table 1); and

h— e
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X, surface heave-distance is proportional to the dspth
of penetration for each cone angle.

Table 1
Steady-State Drag Coefficient
Cone Reichnardv Hoerner value
Angle Ref, (8) Ref. (7) Used
16 -.05% -0595
15 .068L .0684
20 .0866 .0866
30 .152 L1810 L1
b5 .270 .257 .257
60 .365 Qs .365
90 R ko7
120 -595 -556
10 .660 .660
180 .79 (-79)

The preliminary data reduction was done manually and involved
changing the photographic records to digital form. The photo-
graphic information on the plate camera and oscilloscope records
was reduced to numbers as follows: the plate camera photograph
was used to determine tne impact velocity and to locate the water
surface relative to the oscililoscope trace. The distance the
model advanced between flashes was computed using the diameter
of the model as a reference 4imension. The time betiween flakhes
was measured by an electronic counter and the distance from the
reference picture was measured (if possible) to a roint halfway
between the picture and the matching reflection. Here again,

the model diameter was used as the reference length.

The readings of the oscillogcope records were made using
a film reader or toolmaker's microscope in the following order:
the distance of a vertical cm was read to determine the scale
factor; next, the pip relating the model's position with the
water surface was read; and then a series of points along the
trace were read. Both components of each point were recorded.

The numbers obtained from the pictures, along with recorded
information such as model diameter, weight, and scope gain,
were entered into a time-shared digital computer.

The acceleration time data were converted to English
engineering units for computations; and when needed, a scope
distoration was appiied. The coordinate axis was shifted such
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that zero acceleration occurred just before impact.

The following
correction for leakage was then applied:

au _ di L1 st @u [ .,4t
3t (True) = g (read) + &&= o &E (reagd)

The coordinate axes were then shifted such that + lg occurred
Just above the water and that time zero sccurred ai water contact.
Tre velocity and distance were then determined for each data
point using trapezoidal integration. The values relaied to water-
entry effects were then computed.

The equation relating the sozmentum just before first contact
with the momentum at some later time is given as Eguation (1),
and the force equation is given as Equation (2);

. T, as P ¢t 2
U M-U(m) = [§ B at -Mgt + 5 [ C4, AUSAT (1)
au ) im _ . D :
-8 (sm) - U SR = B-Mg £ §ocy au? (2)

Substituting U° S for the second term of Fgquation (2) and
rearranging terms~gives:

- g% (Mim) - B + Mg = % 3 2 5 Cas AT (3)
If the total drag coefficient is defined as
Cq = 5% % * Cas (%)
then Equation (3) may be rewritten as
-%%(M-!-m)-B+Mg=1§DCdAUZ (5)

The value of added mass (m) and QE-can be calculated using
Equation (3) and the total drag covefficient C, was computed
from Equation (%). However, a simpler procedure is to determine
m from (1) and C; from (5). In order to ensure an accurate
evaluation of thg integrals in quﬁtion (1), the added mass

was also computed by integrating 3 @8 given in FEquation (I)
using the computed value of Cd'

(m)

For the vertical entry of cones, the added mass should be
given by

m = okRi3 = ok(tan 3)353 (6)

Then
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- 30k (tan 2)3 s° (7)

Q) 0.
ml B
N @

Substituting (7) into (3) yields

- g_g (Mim) - B + Mg = (3ok(tan §)3s + 3 dsA)U (8)
If the total mass constant (K) is defined as:
K=k + Egi (tan 5)7F = (9)
then (8) can be rewritten as
- d—U (#m) - B + Mg = 3pK(tan 5 %43 s&? (10)

This form of the equation was chosen to compare easily the
experimental results with the thecretical results obtained in
reference 3.

it should be noted that the total mass constant (K) is also
a Grag coefficient related to the area intersected by the originzal
water surface. The relationship between the mass constant (K) and
the total drag coefficient C3 is obtained by subtracting Equation
(5) from Equation (10) and dgviding out p and U-<:

Cq = 6K(tan 2)3s%(a)~" (11)

If the area used to relate C, to drag force is the area intersected
by the heaved water surface, then the instantaneous drag coefficient
is given by

-1
Cq, = (6K tan () (12)

It was expected that K, and hence Cg4:, would be a constant during
entry, as suggested in reference 3. "To investigate this, a straight
line least square approximation was fitted to the computed values

of K and S. The range in S extended from 20 percent to 90 percent
of the depth, at which the maximum total drag coefficient (Cq)
occurred. The exclusion of the first 20 percent elimirated nost

of the points with high relative reading errors and the last 10
percent was not used becauvse of an observed "rolling off" as the
point of separation approached.

It is seen from Fquation (10) that the slope of the mass
constant (K) versus depth (S) curve can be altered by changing
the value of the depth (S) associated with each data point.
Variations changes in S can be accomplished by adjusting the
value of the distance to the water obtained from the plate camera

10
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film. This value was systematically changed by the computer until
a movement of .0005 of the cone length would cause a sign reversal
in slope. This slope was then recorded, as was the sum of thas

squares of the residuals between the least square fit and the
data points,

The computed depth was that at which the maximum total drag
coefficient occcurred after the least square perturbations. A
measured depth was obtained for many tests either by comparing
the distance to the water measured from the film, with the value
arrived at by the computer, as shown in Figure 6; or, in a few
cases, directly from the photograph and scope trace.

The penetration ratio L was computed by dividing the
computed depth by the cone length. A related term is the
surface heave defined as the cone length minus the computed

depth. The numerical results for each test are given in Appendix
C.

RESULTS AND CONCLUSION

Perhups the most important result of the entire test series
is proof that ihe total added mass constant K is indeed constar:t
as the cone is wetted. A constant K implies from Equation (12)
a constant instantaneous drag coefficient C3., and from Equation
(9) a constant added mass constant (m). Aftér the perturbation
in distance, the average measured point was within 3.6 percent
(root mean square) of a constant vaiue. Also, a comparison of
all measured depth and corresponding computer depths shows an
average difference of .54 percent. To the satisfaction of the
author, these results show that K, m and C3. are constants over
the range of depths used in the least squaré fit. There seems to

be a skew of about .3 percent between computed depth and measured
depth, as shown in Table 2.

Table 2
Comparison of Measured Depth and Computer Depth
Cone Difference Aggregate
Rank Angle Shot No. {inches/inch) Error %
0 - - - .5l
1 30 1895 . 1467 .28
2 4s 1662 . 1295 .58
3 20 1902 -.0927 .23
4 90 1695 -.084k .bo
5 120 1997 .0822 .25
€ 30 1888 -.0754 4o
7 4c 2024 -.0735 .56
12
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Table 2 (Cont.)

Cone Difference Aggregate
Rank Angle Shot No. (inch) Error
8 140 201405 .O71L .43
9-14 - 6 pts .06-.07 -.11
15-22 - 8 pts .05-.06 +.49

The table shows the effect of discarding data points in descending

order of percent difference. Perhaps this difference is due to
a systematic reading error.

It is hoped that one of the major contributions of this
report 1s the determination of total drag coefficient (Cq) for
most cone angles. To be of maximum utility, C4 should be
independent with respect to velocity, size, ang weight. 1In
order to investigate the velocity dependence, all reported values
of Cq (Appendix C) were normaliized and a least square fit to
Cq = A+BUy performed. This calculation resulted in C3 = 1.008 -
.000120,, The results should be useful in sizes below and above
those tested because of similitude. The auther could see no
systematic effect on C3 due to varying weights. As seen in
Table 3, the drag coef%icient for the 90-degree, 3~inch-diameter
cones remained within 2 percent of the average for a model weight
range from .33 pound to 20.9 pounds.

Table 3
Maximum Drag Coefficients for Various Model Weights
Cone Normal Odd 0dd Wt Cq
Angle Welight Weight Av Wt Cgq
140 1900 (6) 251 (3) .971
120 1700 (26) 128 'ug .95l
287 2? .949
90 1600 (17) 150 (3 .992
28L (2 1.011
9489 (4 1.018
60 1800 (8) (5) .985
45 1900 (10) (4) 1.057
20 2200 (9) 295 (1) .935

No cdd weights were tested at cone angles
of 30, 15, or 10 degrees.

13
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The uncorrected mass constants versus cone angle for
cones are shown in Figure 10 as is the effect of assuming a
friction drag coefficient (C.) of .0031. It is seen that the
subtraction of skin friction causes the curve of the mass constant
to pass through zero for zero cone angle. The friction effect

was also used to correct the total drag coefficient Cy, see
Figure 7.

fine

In general, for each cone angle, C4q,k, K, and m did not seem
to vary with velocity or mass of the mogel over the range of
variables tested.

Another important result is the amount of added mass accumu-
lated during entry. The experimental values of added mass (m)
associated with maximum drag coefficient versus cone angle are
shewn in Figure 11, As shown in Filgure 5, the final resulis
regarding added mass are strongly dependent on the assumptions
made concerning Cyg. Cnanges in these assumptions, if desired in
the future, may be made analytically as seen from Figure 5.

Note that the added mass constant (k) will no%t give the same
exact values of m due to the roll-off experienced as the point
of maximum total drag coefficient is approached.

The added mass
constants defined by the equations:
m = ok§3 (13)
and
m = ok(%)3 (1k)

are shown versus total cone angle in Figure 12. The average
added mass associated with the maximum total drag coefficient,

the cone length, and the average penetration ratio were used ©o
compute each plotted point.

As a body enters the water, the amount of added mass should
increase after the maximum drag coefficient is experienced due to
water surface effects. Tils is shown graphically in Figure 5.

The values of added mass for points near and after Cq__. for many
tests are given in Appendix C. The added mass is sholld” cver the
entire range of depth ror three tests in Figure 13. These results
are in qualitative afreement with reference 9. For many of the
tests with slender cones, the added mass curve did not become
level at as great a depth as those shown on Figure 13, Appendix
It is believed thzt this premature reduction in added mass was
caused by using unstable models that developed significant angles

of yaw after entry and thus misaligned the accelerometer axis
with respect to the velocity vector.

The photographs taken by the plate camera sometimes contained
an image oY the model entering the water in addition to the

required above-water information. A study of these splash
plictures and associated accelera‘ion traces leads to the conclusion
that the

maximum deceleration occurs as soon as the base area

r

o .
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bears u,.on solid water for the blunter cones and somewhat later
for the slender cones. The data from shots 1847 and 1687 included
in Appendix A were ¢ "ong those used to reach this conclusion.

APPLICATION OF RESULTS

The practical zpplication of these réesuits will yield the
prediccicn »f the axial forces experienced by conical bodies
furing verticzl water entry. In computing these forces, Equation
(15) may be ased:

4au . _ 1 2
or in another form:
au B-M 1 e
- g8 (Mim) - == = 5 0C4 (S)AD (16)

Note that the internal bcdy forces and equal external pressure
forces (axial) are given by:

jT

(o
ot| <2

Mg + [PdA =F =M (%7)

For any particular design known constants include: total
cone angle {8), missile mass (M), base radius (R), and initial
velocity (U,). In Equation (16), the remaining functions are:
added mass ?m), buoyancy {B) and total drag coefficient (Cz(S)).
Due to the shape of these functions, it is necessary to determine
their values over two ranges of depths. From contact until the
depth at which the total drag coefficient is obtained. The functions
for added mass m and total drag coefficient are given by

m = pkS> (18)

S 2
Cy(8) = (¢g () (19)

d Apax LD )

For depths greater than Lh, these functions are given by
- 3 . 1.5 PAp .
m = pk(Lh)> + [p —= (Cas - Cqg)ds (20)
Cq'8) =((Cq ) - Cgg) Ié§ * Cys (21)
max :

where

. 2
A = expl- 9(°661%é°'Lh)] +.3:00 - (32 (22)

Cd(S) in this case is a curve fit to the data. The values of

Capay 2Nd Cgs used in Equations (19), (20), and (21) should include
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the effect of skin frigtion. For example, if the Reynolds
number is about 6 x 10°, then .003 cotan & should be added to the
values obtained from Figure 7.

The values of k used in Equations (18) and (20) are obtained
from the upper curve of Figure 12,

From contact until the cone base is level with the original
water surface the buoyancy is given by

B = 287 (tan 2)2g3 (23)
3 2
and for greater depths (S>L)
B = ogrR-(S - % L) (24)

Note these equations neglect "roll off", which should give
negligible errors. If greater accuracy is desired, use m

derived from K up to 80 percent immersion, and a smooth function
to the peak value. The only remaining unknowns in Equation (l6g
ére U and U which can be solved for by various numerical methods.
One of the Simplest assumes that the velocity U is U, for the
first try, and U (from a preceding try) for each succeedégg -
iteration. When U is determined, then the acceleration - may be
solved for directly using Equation (5). A simple comput%? program
for solving this problem is given in Appendix D. Example runs
for a 3-inch, 5-pound, 90-degree cone and an 18-inch, 18-pound,
90-degree cone are also included. The relatively large decelera-
tions of the large light cone caused the maximum deceleration to
occur before the maximum total drag coefficient.

RECOMMENDATIONS

Based upon the experience gained from this test series and
the results thereof, the author recommends in addition to
confirming tests, that the following work be conducted regarding
vertical water entry of cones:

1. Axial forces experienced by cones during water entry
be extended to significantly higher velocities.

2. Assumptions of buoyancy and Cgg be confirmed: Dbuoyancy,
by very large models; and Cgg, Dy a method suggested in reference
10, by testing two geometrically similar models of differing mass,
and solving simultaneously for Cy4 and m using Fquation (3).

3. Effects of angle of attack at entry be determined.

4, Investigation as to why the added mass maximizes before
complete cavity development be made.
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APPENDIX A

. The original data from several tests form this appendix.

o These particular tests were selected to proviée information at
I most cone angles for both heavy and light models. Shot numbers,
weight, gage constants and other necessary numeric values are
given in Table A-1l. The remainder of this appendix contains
optical copies of the original data photographs.
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APPENDIX B

This section consists of sketches depicting the various
models tested during this series. The measured variation from
the nominal values used to reduce the data were:

3-inch base diameter + .000 - .003 inch
1.5-inch base diameter + .001 inch
Cone angle + .1 degree for cone angles of 10 through 30 degrees
- and 140 degrees
+ .3 degree for cone angles of 45 through 120 degrees

As the test series progressed, a slight rounding of some conz tips
occurred, due to repeated hitting of the nylon impact mats used to
stop the models. The maximum tip radius was measured as .035 inch.
As mentioned before, the use of the drag plate model (Figure B-2)
eliminated noticeable tip damage for aluminum cones as fine as
10-degree total angle. No correction was attempted for the
rounding of the cone tips.




MAMMELEL Sl Ry R e UL AR e P D R Ny AL /A e e ok o Zaat it Y RPN O & 33 L PR RT R R GE mw:wuu TR A o O R N A R B O I W I A A Sy v
THE R By N AR MR i SRR
AR K & AN
AT g 5 BN 3 R X i ¥

SHUTIONY ANOD

¥3L3WO¥INADDV

s Shaco L Aets
ITUUIERSURREREL Vsl o

002 pue ‘GY 01 - IUdOW ALVId ovdd T-€ °"HId

8€s 0z

CLS Gl

ey9 0!
SWWIO )
LHO1EM 1TONY INOD

|

1\\\\\\\\\\\\\\\\ \\
0

mS.olq_

v1a 00°€
&

NN NN //////////é\.\ﬁ/ NY

S { S % <__o 1v3s ¥3gany
xl via §°L /// /8°0 91-8/L
N via szL’l
9L=-9/1=L lv\ - _
Ved
mu.ol'_ e 620 —
§°¢ ] I _




NG R MPIT I RITI A

L NS R BIRTORTIVIVRANY ¢ SR S0

TOAR RN IR IREINE - A ATV SG W BT r TIER BT W SLOVELT FAENY LT T FY A M I \ » ATEOST L ATEOAN NATRNE M VAT T RN B STV IR YR L T T T AR R I A STV T LA T, 3044

AR LR A4 e s TA N AT OF R BT - e

THAOW 02 THOIAM IHOTT e-g *Hia

wbgsz LHOIIM
INFYALS  TVIILVYW

_ T

5
vid 00°¢

7i-2
I
B-3

o7

.-.i\\\\\\\\\\\\\\\\\\\\\\ Z \\—ﬂ. ,

TR

591
Y,

4

stA
Py 3

\\\\\\\\\\\\\\.\\\ £60°0 | 8o




WNNIWNTY
WNNIWNTY
WNANIWNTY
WNANIWNMY

1331S
WONIWNTY
WNANIWNTY
WONIWNTY

IVIRIALYAN

(WD) LM

652
9¢cle
2ol
6281
4886
9.91
1891
9661

ove,
[P

N TOTI T

—

CIIVINO AL O HOINANE IR W U T IR Yeees e i
NISIUATUL S SAOMITI TN renartie s ps FTHATET % P SAYEOON [ AN PR eaY RTA Mmpas g 3am
¥ 3 - WDRET VARG FPWA Cmangprs
L

e S
.I;. 2T TVAM f PRt OANVEATOT £ TG .’&-anﬂ.&h.ﬁﬁ-r"{)fﬂ&—ﬂuﬂ:.:-c—d.\i::- CREIIPATA WIS VY

e S A ORI AT A2 T T ARV Py 1

FIONV SHCD LonT HODNOMILTL, 02 STAdoW THOTHM TVIMeN b€l DU

vid 90°1
ol=¥/l=1
/ AN

XA #/e=1

Vs diaoany

%l 0°E

1 1 G¢9°0 jw—

| BORENE e R L e D g A W



T R Ty
a4 AT b

SATONY ENOD ;00 PUT 00 ‘G SRUCON INTT Dyt * DI

wb g 06
wb g /e 09
wb zgy sy
1HOIAM 0
WANIWNTY  IVII3LYW N
T *
WLAWOUITIDDY
(TR
o 7 ~— = (A
et F
i : ~ . 7 _ £0:0 8 W
. (w] (3N
& \\\ &\\\\r\\\r§% 7 2
\ | . N9V
\\\\ / $3QIS HLOT ANISD
2, *NYHL
Q\J ¥6££'0 TIQ VIA 961°0

T 620 wa———— 05°2 —

2070 —fl—

L 0sL'y ,

521" 0= |+

008




5
3
-
*
-
b

Sy Mot

g e
AR A LA T

b, <
o

LYY 35 o i

8x

Falod o

WAV

ety

R T
R TSP

e tAnes 21

)

gitileuibin

y Al
[ey o YO -
R TN PO S )

ALEALY vo‘ “‘"“"(a‘". ;'. P,

41ty

&

PR

o
e

e D bk S s N
W SR A\

v
AN

- .
e AP AN

tmr—rmen—eme—s 3,00 DIA ——

O
>
o
-
m

0.375-‘{

X

3.0 DIA ——— e

P

-Gt

]

3.0C

MATERIAL: HIGH IMPACT PLASTIC
WEIGHT: 150 GRAMS

4,0

0.070 WALL

LA
|t

ACCELEROMETER

2.0 DIA

MATERIAL WT.

STYRENE 128 GRAMS
ALUMINUM 287 GRAMS
ALUMINUM 251 GRAMS

.
A on Aver o~ aa an PR
——— - - v emiae cemeala ypAATe S - - -
- s Y z . —t— v & -
T ale =7 —a SNl AZLSNnL Mool Ffoe !
- -
=L

-
-

" Ao AANTS (VEINAT

v sua D AadSLIS

thute: o4hs " riert s, 2 e 15 0 eyt s

R L X S T

FURMSLAIT 0

TR TR

AR ROVRA WX VLY

ALY WL L0215 4 v ar A 2 B Az

penn

e o

RN ESASIA Lt T SR P s T P 08 A o - T

AFUY AEAY Qb LI A LLRRE I LN Fami 8 \arace a



ek
RO TP Ryye iy

s
ST

grasinhi

B

NOLTR T1-25

APPENDIX C

In this appendix are numerical velues obtained for each test
in this series. Also included are plots of average values of
total drag coefficient and added mass versus depths for several

cone angles.

The following terms have not been previously defined, at least
as used in these tables.

added mass coefficient k inm = pk(S/h)3
surface heave -~ cone length minus computer depth

residuals - sum of the sjuare of the residuals resuliing from
the least square fit of mass constant (total). The
numbér in parentheses is the number of data points used
in the least sjuare fit. The average residual is the
square of the arithmetic average. The percent residual
is 100 (average residual/average total mass constant).

Cd(f) - the amount of Cé delegated to skin friction

cd - cda(f
cd
In those cases where the tabulated number is not dimensionless,
the property listed is for a 3-inch-diameter body except for 10-
and 15-degree cones where the values listed wppoint a shot number
relating to l.5-inch diameter.

Cd ratio -
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NOLTR 71-25

APPERDIX D

This computer program written in BASIC provides the numerical
solution to the force equation associated with the water ent:y of
cones. For the sake of simplicity, the drag coefficients and the
penetration ratios are required inputs for each run, as is the
cone angle. I desired, Cdpax, Cds and h may be easily computed
internally from polynomial equations in &. The various sections
of the program perform the function as follows:

SUB 500 - reads in data and establishes the depth stations
d

SUB 700 - computes buoyancy and total drag coefficient for

each depth station
SUB 900 - computes added mass for each depth station
§IB 1000 - computes dU/dS based upon previous velocity and
integrates to obtain new velocity. The interaction
process is stopped when 47 is sufficiently small
SUB 1200 - computes acceleration
SUB 1500 - prints out
Line 1700 - data input
The data input, in order, consists of: maximum total drag
coefficient (Cd); steady-state drag ccefficient (Cds); added
mass constant (k); and total cone angle (9) in degrees; base
diameter in feet; penetration ratio (h); body weight in pounds;
and entry velocity (Uo) in feet per second.

NOTE: Do not forget to include skin friction in maximum total
drag coefficient and steady-state drag coefficient.
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CONS ANCLE
Liskdlen 1IN

F1l

v21Cr1 IN LES

LILT

F1
0
€.66T744c -3
1.3334%c-2
2.00C22c-2
L. 66698

€.000¢9C~

€. E€THLE-Z
7.33418£-2
&.000932-2
8. €6T6TE~C
9.33441E-2
.10001%
<106 679
.11334¢

. 120014

< 126661
.133349
.14001¢€
c146684
.153351

< 160019
166686
.173353

. 160021

. 186686
.193356
L226693
.26003
.326704

F1/S20
100
99.9984
$9.9936
9Y9.9€45
99.9€9
$Y .9 44y
$9:3EY9
99.8003
99 . 7209
99. 6225
99.5031
99.3606
$5.1931
96.5987
986. 7756
$&.55€7
9&. 3699
96.2053
9&.05 61
97.9176
97. 7668
97.6616
97.5404
974223
973066
97.1928
97.0604
96.9693
96.6593
96.3203
95.7959
9 4.7747

NOT

NOLTR 71-25

REPRGDUC\BLE

£LC
Fl7&clCr2
3.
161635
-51.9394
-112.083
-224%.205
-368.189
z35d:547
~-9bt.Y64
-1257.53
-1555.95
-1883. 44
-2239001
~2621.53
-30e9.66
-34€61.89
-2890.91
-2499.75
-2229.25
-2040.13
-190¢€:14
-1609.7
-1736.9%
-1665.99
-1€645.33
-1¢13.33
-15867. 47
-156¢6.03
-1547984
-153z.07
-1474.04
-1433.5¢
-1374.86

D-2

LhaG C

0]
5.23556£-3
2.US4zc-2
- 0471
5.37€65c-¢
- 1308569
:48%5%.
« 335076
« 42408
523556
- £3350z
«753%2
= 584609
1.02€17
1.176

- 990981
«E€23V0c
« 7173164
« 710956
« 667055
- 63569
. 612942
«59€614b
«S53499
«5737¢€3
« 366095
«559916
554523
« 5549538
536045
«S2726¢
«516653
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CUNZ ANFLZ =

Llpteien IN F
LEIGHT IN LES

it

F1

(o]

4.8005 €c-
.60 11~
« 144017
«1%2022
. 240028
- 2&5033
« 336039
« 384044
« 43205

- 48005 ¢
«328061
«376067
- 624072
« 672078
« 720083
« T€089
<&16U9 4
«8¢41
«G1210¢
«S9€011]
l.UUbIlC
1.0561¢
1.10413
1.15213
l.cUUl &
1.24b14
1.29615
1.32416
1.3%z1¢
1.65319
l.b72¢2
235227

e
e

NOT REPRODUCIBLE

Y0.
= l.8
186
\icl L0
Fis5eC Fl7/ielre
100 3=.c
99.9369 -19b. 4U5
99.6455 -883. 4U7
9E.9193 -198%.0L7
97.5€14 -34353.<6€
95. 4101 -5074.05
92.35864 -€7i7.L7
6&.372 -b144.97
83. 4986 -91¢€3.18
77.6€659 ~9€4€.34
T1. £659 -95€€6.55
£5.1291 -56%91.86¢
56. 4947 -bUS7. €<
S1.98ct -€9c4. €9
45.7747 -5741.21
40.0U0C3 -4€1%.v4&
35. 34 -zt 4l .ul
31.9717 -1%4z.c1
9. 3959 -1433.97
c7.3c41 -llz1.¢€4
5. 559 -C1¢€.375
c4. U1 -773.£59
cz.78UL7 -670.41¢
cl. €17 -5%c. 5%t
c0.5744 -23%.393
19. £552 4o 4.81L
l1E. T €L ~44€. €51
1b.ul97 -415. 7Y%
17.3265 -3%0.544
16.7015 -37U0.U11
144 421 -313.53
13.313b -3V4. 178
13.1687 -345. 665

4
2.9 4
s U4&712
&£E.37€¢b%c-¢
« 130EBY
- 1ob 48
e 25654
« 335V7¢
e 42 4Ub
«52355¢
« £335V¢
- 153%%¢
« &b 4E0LY
1.02¢€17
1.17b

+ 9909t}
e & 623U
e 1731t 4
- 710% 56
- ££TUSS
« £3565
« €19 4¢
» 9961 48
e 5H3549Y
e S5T27€L
«S66USS
«25%%1¢
MY/ 2]
» 55uUdstk
«536U45
»SeTzéc€
« 51655
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NOLTR 71-25

10 vi¥ SC100),3C100),VvC1C0)»™MC100C)»>AC100)5,2C100)

15 DIMm CCi00)

2C REM C1=MAXUIM DkAG, C2= STEADY STATE DKAG, KI1=ADDED MASS

22 REM C3NSTANT, A4=CSNE ANGLE », D2=DIAMETER (FT) .
24 EEM d=PENATRATION RKATIO, wI=WEIGHT ;
100 G3 3UB S90

110 G2 SU3 700

115 G2 SUs 900

120 60 S4y2 1000 -
125 G2 $43 1200

139 G3 SuUs1500

S00 READ C1,C2,K1,k4 -
505 RZAD D25, %1

507 READ Vi

S10 LET v2=0

515 LET v3=9

520 LET S(1)=0

545 LET A4=A4/(2x57.3)

S50 LET AS=.5xD2/TaN(A4)

554 LET A6=ASxd

554 LET D1=ARSK715

553 F3<x K=2 19 30

560 LET S(X)=S(K-1)+D]

562 NIXT K

565 LET S(31)=5(3D)+5%D]

5790 L=T S(32)=S(30)+10%D:

575 LET S5(33)=8(30)+20=Dl

540 RZTUxN

700 LET 3(1)=0

755 LET CC1>=0

710 FOk K=1 72 33

715 LET 8(K)=62.4=(3.1416/3)=xS(K) 13%x(TAN(A4)I 12

720 IF S(K)<AS 62 T@ 739

T25LET 3(K)=62.4%(3-1416/74>xD212x(S(KI-(2/3)*A5)
730 NEKAT K

735 Fé= #=1 T6 146

740 LZT C(KI=C1%S{K)12/A612

745 NEXT K

750 LET R=.5xD2

755 FOr K=17 TO 23

762 LET C4=651*%((S(KI-S5C16))/5(16))
765 LET AF9=.37/(1+(S5(K)Y=-S(16))/(5xD2)) 12+EAP{-3*%C4)
770 LET C(XI=(C1~-C2)*(1/1.33%AF+C2
780 NEXT X

785 FGR K = 1 79 33

777 LET V(K)=V1

733 NIXT K

790 HETURN

900 LET #(1)=0

210 FOR K=1 1@ 15

220 LET M(K)=(62.4/32.2)xK1xS5(K)*3
930 NEXT K

940 FPKr K=17 T9 33

245 LET P=S(K)-S(K-1)

D-4
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GEU Ne2l K
970 RETURN

1000
1010
1015
1 U?O
i030
1040
iusSu
1060
1070
vty
109U
lil U
1110
1200
izl10
1215
1220
1230
1500
1505
1510
1520
1530
154U
1550
15€0
1570
1700
Y710
1720
999¢

FOn K=z 10 33

Lel Z(KI=- (6l t/ €be 502 (LK)> e TESL> Lot ox LK)

Lel ZKI=CLUKI+CECRI- LD/ K2/ (i /S2.27+D K.

NeAT K

FOn K= 10 33

LET V(RIZSVIK-17.93 (L (KI+Z(K-130>C(S(KI=S(R=-1,.

Neal K

LeT US=A1 2 (ue- V(1€)X +naL (VW3- (323D

IF VWo<eUULD TheN 1110

LET ve=\ud(l e

Led w3=u(32)

c 12 1vou

heTURN

FCR K =1 10 335

Lel AK2z-(( €28/ €40 4,50 TESLGA((KI>LEt > V(KT e+ (Ki-V1J
Lel B8lKI=Sa8(KIZ (L /3c.2)+0 (KDY

Nexl K

ReTURN

Lel #£=2257.3284

FRINT  * LUNE ENCLe = ' e

FRINT " LledeTen IN F1 =°
FRINT "LglfRT IN LES =°
FRINT "LIST 5" vebl’ 5L
FrINT "F1' 5" F1/785ceC"5>"F1
FOR K= 1 13 32

PRINT C(pp, Ok 50K 5 (K
LeXT K

LaTe 161765649756 €25%0
LATA -255.E5D

Lels 100

eNy

L
1
2 * !Jhi'i(‘ (r'
s

VRISV K=Y 0+ e b/ € 4. 42> o TESLF Lt e~ (e D2 (LR I+ (-1 .-LEi>F




