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VERTICAL WATER ENTRY OF SOME OGIVES, CONES, AND CUSPS
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area to which drag ccefficients are related [1K:J
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steady-state drag coefficient
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INTRODUCTION

In the study of water-entry forces, the simples* experimental
case to handle is the vertical entry of cones since the law nf¢
similitude allows prediction of the nature of several important
parameters. An extensive ziperimental study of cone water entry has
been completed at the Naval Surface Weapons Tenter and is reported
in Reference (l). Froem an experimeitta! and geometric viewpoint, the
nex: simplest case is prnabably the vertical entrv of ogives. An ogive
is a body of revolution, the nose rrofile of which is formed by the
single arc of a circle. One limit of this geometric family is the
henisphere, while the cone may be considered as a *straight ogive,”
separating the normal ogive (bulging) from the inverted ogive called
a cusp f{hollow). This simple geoms=¢ric family has received very lictle
attention from experimenters in water entry with the exceotion of the
ogives tested by Majer (Ref. (2)), and the hemisphere which has receivead
considerable experimental and mathematical consideration by several
investigators.

As the tests of the vertical entry of cones were being conducted
at the Naval Surface Weapons Center, and the data were being reduced,
speculation developed as to the effects of profilc curvature upon
the water-entry characteristics of various shapes. A short series of
tests va2s2 conducted as a preliminary investigation to answer some of
these speculations and to extend scme 2f the results obtained for cones
to other simple shapes (ogives).

TEST PRCCEDURE

The test procedure was in principle identical to that reported
in Reference (li fwur cones, and the data contained in Reference (1)
sre extensively used in this report. The experiments were conducted in
the Pilot Hydrobailistics Pacility at Naval Surface wWeapons Center,
Pigure 1. The model, containing » single axially mounted crystal
accelerometer, was launched from an air gun (velocity, 30 feet per
secowd and higher) or dropped thidugh a tube, such that normal
impact with the surface of the water resulted. A cable {(trailing
wire) connected the accelerometer within the model to stationary
electronics. The output of the gage after amplification was
photggt:ghically recorded usin? a CRT oscilloscope. A3 the model
near e vater surface, a trigger screen was interrupted, causing
a microsecond strobe 1a:g to produce three flagshes equally spaced
in time, thus exposing e film in an open plate camera. Located
vuside the camerz was 3 photo-pickup that converted the light
from the strche intc voltage that was mixed with the accelerometer
output to the cscillcocscope. The arrangement of equipment for these
tests is shown in Figqure 2. The height of the trigger was adjusted
such that the reflection of the model nn the water surface was
phctographed, as well as the model. thus defining *%e surface to
be impacted. This technigue res: .ted in two photographs, one

o

. L. Baldwin, "Vertical Water Entry of Cones,” NOLTR 71-25 of
1 Peb 1971

Weible, “The Penetration Resistance of Bodies with variius a2

orms at Perpendicular Impact on Water," German Mvia Res. t No.
541, Naval Research Laboratory Transl. No. 286, revised (1952)
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showing the model, generally above the water surface, at three
points in time; and the other showing the voltage Litput of the
accelerometer, and the time of each exposure on a common time
base, displayed on an oscilloscope. Figure 1 shows two samples of
these data. Additional data samples are given in Appendix A.

The models used in this test series were simple three-inch-
diameter-ogive cylinders in which the accelerometer was mounted.
One of the gages used was not waterproof and required a seal nut
that increased the total model welight by about 100 grams. Offsets
of each nose were measured to an accuracy of $2.00l1-inch in both
station ard radius and are included in Appendix B. The nose shapes
calculated from the measurements did not cicossly agzae wiih sthe
nominal values. The greatest difference was the 90/30® ogive which
seemed to be an §8.42/32. These errors were noted but no corrections

were made during the data reduction.

Only three accelerometers were used during the entire test
series (the same gages used in the tests reported in Reference (1)),
a high~capacitance, high-impedance, multiple-crystal gage: and
two gimilar quartz gages with internal electronics responsible for
low-output impedance. The capacitance of the multiple-crystal gage
reduced the relative error caused by changes in capacitance in the
cable :trailing wire) due tc acceleration and other loads. The
multiple crystal accelerometer was used with a charge amplifier to
increase the systul RC time constant when a max‘mum acceleration of
less than 309 was expected. An electronic filter was alsoc often
used.

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

The three calibration methods were: (1) shaker table with optical
measurenent of displacement: (2) shaker table with compariscon with
a standard gage; and (3) a cne-g drop.

In the one-g drop test, the gage and model were held by a
short length nf nichrome wire. A high current electric source
was applied to the wire, ~<ausing rapid melting and quick releass.
This step pulse of cne-g was used to determire the leakage rate
of the gage-¢lectionic system, as well as determining the gage
constant.

The gage constants used for each system were the simple
average of the gage constants determined from all calibration
techniques.

RANGE OF VARIABLES TESTED

In the test seriss, the effects of model shape and entry
veloritv ware ge¢:died. Pour shapes were tested: two convex

* ogive nomenclature is shown in FPigure 5
L
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ogives and two cusps. The details of these modeis are shown in
Appendix B. The velocity range studied was from 13 feet per second
to 80 feet per second. A “otal of thirty tests were made.

DATA REDUCTION AND DISCUSSIOX

The "a priori" assumption made in the data reduction was thrat
the external forces depend only upon size, geometry, actual
velocity, and distance below the water surface. Additionally, it
vas assumed that: (1) buoyancy force is calculated from original
water surface; (2) friction drag coefficient is constant for all
conditions.

The preliminary data reduction was done manually and iavolved
changing the photographic records *o digital ferm. The photographic
information on the plate camera and oscilloscope records was
reduced to numbers as follows: the olate camera photograph was
used tc determine the impact velocity and to locate the xater
surface relative to the oscilloscope trace. The distance the =model
advanced between flashes was computed using the diameter of the
model as a reference dimension. The *ime between flashes wzs
measured by an electric counter. The distance from the reference
picture was measured (if possible) to a point halfway between the
picture and the matching reflaction. Again, the model diameter
was used as the ra2ference length.

The readingz of “he oscilloscope records were made using a
film reader or toolmaker's micrcscope in the following order:
the distance of a vertical centimeter was read to determine the
scale factor; next, the pip relating the ~odel's position with the
water 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, aiong with reccrded
information such ag model diameter, .eight, and scope gain, were N
entered irto a time-shared digital computer.

The acceleration tite data were converted to English enginzericg
units for computations. The cocordinate axes were shifted such thac
rero acceleration occurred just before impact and that time zero
occurrad at water contact. The following correction for lezkage was
then applied:

d4au du {

(True) = ead) + =. { 49U
J¢ ) I (r ) i ) I (reav;dat
The acceleration coordinate aris was shifted such that + one g
occurred just before the water contact. The velocity and distance
were then dotermined for each data point using trapezoidal inte-
gration. The values related to water-entry effects were then

computed,

19
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The eqguation relating the momentum just before first contact with
the momentum at some later time is givaer as Fquation 1), and the
force eguation is jiven ags Equation (2).

UoH-U (Hew)) = i B dt -ugt + § L CaqAUdL (1)
du dm) 0} 2
- Mimy) - U — = B-Mg + 2
3t ( ) a ng = Caq AU (2)
Substituvting u? EEL for the second term of Equation (2) and rearranging
terms gives:
- wemg) - B e Mg~ I u2 4 § gy, (5107 (3)
dat ‘1 ds ds

If the tota! drag coefficient is defined as

am
Calsi = 25 T5b + Cas (4)

then Equation (3) may be rewritten as

- U (mem;) - B - l ac? 5
3t { 1 Mg ¢ Ca(s) (5
In Equation (?) there are two unknowns, m (t) and Cgg(t;. One method
of solution i: to test models vith two di ferent masses and then

solve simultaneously for m(t) {(t). This technique was suggested
by Dr. Arnold E. Seigel of NAVSU!?H%“CEN

An attempt was mace to separate m)(t) from Cyg(t) for conecs
during vertical entry (Ref. (3)). The results insgcatod that C,y,
vas equal to zero until the base of the cone passed the oriqlnag
water surface. 7cr deeper penetrations large scatier occurred in the
values of C4q, making definitive results impossible. The use of models
with sinqlc Illl for each geometric shape during thace tests of ogives
and cusps prevented the use of the simultaneous solution method of
separation.

Being unable to separate the added mass, m) (t) from the
steady-state drag coefficient (C4g), 1t was decided to combine
them. The usefulness of this approximation and resulting errors
were obtained from Equations (1) through {(5) as follows:

3. °*An Experimental Investigation of Water Entry”, thesis by
John L. Baldwin for Ph.D., 19 May 1972

11
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The added mass (m ) is the added mass of the steady-state
flow field of thelwater sentry body and the water impact
force y9M] is due to the establishment of this flow field.

Rence, the value of added mass should-approach a steady valve
vhen the surface has been passed. Changes in added mass due
to cavity collapse occurred at depths much greater than

i studied in these experiments.

| Buoyancy and weight require no interruptive comments.
Both are usually neglected during high~speed entry or may
be easily estimated.

Losses in momentum relative to the body were expressed in
Egquation (1) as the integral of steady-state drag coefficient
(Cag) - Cavity formation and viscous wakes contributed to Cug-
Hence, C3g remained small until cavity or wake formation
began and then increased to the value obtained in steady -
state vater tunnel experiments. The importance of these
losses were estimated by the:

3

1. Observation from Equation (3) that the steady-state
drag coefficient could bhe represented by the
derivative of lost added mass (m3).

r dm dm
By, 8) AUZ = 2022y (6)
' 2. Substitution of Equation (6) into Bguation (1) and
the application of integration by parts obtained
2quation (7).
A t
’ U W-U (M + m) = ’ Bat - Mgt + Um, -s-z(t)g—‘%dt (7)
to to

3. Evaluation of the last term assuming that m, was
zero from t_ to t. and then a monotonic fumz.tion
from t; to 8 and hut U wvas also a monotonic
function

f-,m 47 gt - u, W
s at

Squation (8) was obtained by the combination of the last two
terms of BEquation (7) -

8T
.2m-m.-,ou-r)z-,ou-:?".) (2)

12
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where ég was the maximum error caused by the approximation

£ 2 -
(o]

Note that AU is the change in speed from time (t,) to time (t).
Then Equations (1) through (S) were approximated %y Equations (9)
through (13) where = = (m; + m3)

UM - U (Mem) = f Bt - Mgt (9
o

au - B -

- §p (wem) v§ B - Mg (10)
au
-3 em) -3 eng - 9B 2 (483
. 2dm

Ca'® " XA &% (12)
'g—g(m-)on4ug--§-oc¢(swm2 (13)

When buoyancy and weicht could be neglected, the instantanecus
velocity was cstimated by Equation (14) obtained from Equation (9)

__
V= iwom Uo (14)

and the instantaneous model acceleration was estimated by Equation
(15) obtained from Egquations (13) and (14)

- =3 ccqts A .m!%_,_ Uo? (15)
vhere the values of C3(5) and m are given in Appendix D. PFor weapon
diameters other than three inches the values of added mass given
must be multiplied by

3

Weapor. Diamet=r in Inches
k]

13
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The experimental data consisted of the acceleration-time

function gg ., initial velocity Yo and the time of water contact t,.
t
Trapezoidal rule integration of tiie acceleration-time function gg
t

produced the velocity function (U). 1In like manner the distance
function (5) was obtained by integration of the velocity function.
The buoyancy force (B) wvas computed as the weight of wvater dis-
placed by the model below the original water surface: i.e., neo
allowance was made for the cavity. The total drag coefficient was
then computed using Equation (13): with the added mass (m) initially
chosen equal to zero. ¥ext the added mass was computed usinrg
Bquation (12). The total drag coefficient was then recomputed

using the last computed value of added mass. Tihen a new value of
added mass was computed from the last value of total drag coefficient.
The calculatiuns were terminated after four iterations.

For easy compariszon of the results for each shape, it wvas
desirable to compute the final data at stations rather than at
arbitrarily read data points. Sixteen stations were equally spaced
between watar contact and the depth at which the total drag
coefficient had its maximum value. At deeper depths, the distance

between stations were one, two or five times larger than the standard
distance.

The values of velocity, time and acceleration were computed
at each station by interpolatjon and the final data reduction
continted as before using Eguations (1)) and (12) for four iter-
atiorns. The computer program used to reduce the data was written
in BASIC and is included in Appendix C.

The errors induced in the results by ~ombining m, and m, vere
estimated by comparing the results o0 two assumed funétionu:

(1) $8 - 0 for all time
(2 dR. = ¢ from water contact until the total
ds

drag coefficient Lecame maximum and then a step to f:l = maximum

ds
final value as shown by the dotted lines on Figure 4.

In these experiments the worst case was the saximum pene-
tration of the 90/-30 cusp. At a penetration of four inches, the
difference in the value of total mass (K + m) was less than 4.2
percent. The use of total added mass (m) caused an error in.the
calculated values of total drag coefficient of seven percent for this
case. At deeper despths the error would continue to increase.
Therefore, if Equations (1) through (5) are to be used after water
impact a division of total added mass should be made. This diviesion

14
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must be arbitrary at this time because of the lack of data or
gquantitative theory. It is suggested that a suitable division can
ke made by a guarter ellipse beginning at the start of cavity
formation and continuing for one body diameter. PFor badies of
moderate or large relative mass, the errors caused by a wrong
division are smail and noncsmilative. The 90/-30 cusp model had

a relative mass of .128 ite/inches’ which was about 1/2 to 1/10 the
relative mass of common water-entry devices. Also, this worst

case had a high final value cf C, vhich accentuated percant Gif-
ferences caused by different divisions. Therefore, for most cases
the suggested division should be accurate to within five percent as
would most other divisions beginning during early cavity fcrmsation.

GEOMETRY

There seems to be no standard msethod used in the literature
to define ogive shapes. Aa ogive shape is a pointed body formed
by rotating a circular arc. 1f the water-impact forces do indeed
depend chiefly upon the geometry of the body, the shape will have
to be defined more precisely. The method chosen for use in tkis
report uses two angles and one reference length. One angle is
the tip angle (a) of a cone of the same ilength and base as the
ogive and the other angle (B8) is the angle subtended by the arc.
The Leea diameter is used as the reference length. The tip angle,
base s&ngle, slopes, and radii are all easily computed for both
normal ogives and inverse ogives (cusps), as shown in Pigure S.
Note that jin Pigure S the inclusion of a minus sign with the swept
angle B changes the ogive to the cusp. An inspection of the com-
puter programs shows a continuing similarity in the geometric
egquations. The only difference, if any, is a minus sign for the
cusp shape. The swept radius r is one parameter that has the sams
equation for both shapes.

r = R/(2 sin (a/2) sin (8/2))

In the comparison of the results for different ogives, it is
often possible to relate the forces to the base area of a tangent
ogive. A s2thod for computing the ratio between the base area of
a secant ogive and corresponding tangent ogive is shown in Pigure
6. As a basis for this comrrrison, the nomenclature must be such
that the actua. tip angle remains constant.

In this report, it is assumed that che tagent ogive is a
limit of this geometric family of shapes. This implies that the
swept angle may not be larger than the cone angle. It is also
defined that the limit case for cusps is wvhen the swept angle is
equal to the cone angle. For cone angles of 90 degrees or more,
this definition merely states that the base angle cannot be
negative.

16
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RESULTS AND CONCLUSIONS

It is possible to compare the results of various tests of
convex-ogive shapes by relating the drag coefficient to the base
area of a tangent ogive of equal tip angle. This technique re-
quires the assumption that separation occurs ahead of the base of
the ogive tested or at least at a depth greater than that at which

occurs. Geveral separate tests were conducted on the convex
ogives to determine the relationship between separation and
acceleration. The entry of the 60/42.6 ogive is shown in Figure 7
which consists of strips from gseveral high-speed movies and a
representative acceleration trace. These photographs show that
separation on the 60/42.6 ogive occurs at 85 percent of the nose
length. Tests on the 90/30 ogive showed separation at the nose
base at about 120 percent of the depth associated with Camax-
The results of Cdg,yx for both shapes were reduced to the tangent
ogive case and are given in Pigure 8. Alsc shown are the values
given in Reference (2) and some unpublished data from tests at the
Naval Surface Weapons Center. Priction is included in the plotted

data.

The reiatjonship between total drag coefficient and velocity
was investigated by normalizing the values of Cd,,, and performing
s least square fit to obtain:

Por the ogives Cimax = 1-013 - .00031 U,
For the cusps Cd-ax = 1.014 - .00041 U,

Therefore, the total drag coefficient may be considered
independent »f velocity over the range of shapes and velocities
considered. 1In addition, the entire draqg coefficient-depth
history seems to be independent of velocity (Appendix D}. This
conclusion is in agreement with the results for cones reported
in Reference (1).

The added mass curves obtained for these ogives agree in form
with the results obtained for cones (Appendix D and Reference (1)).
Pointwise, values are also in substantial agreement, but not for
equal cone antles (lenagths). Por example, the added mass associated
with a 90/-30 cusp is in better agreement with the added mass
associated with a 120-deqree cone than with a 90-degree cone.

The tests demonstrated a strong dependence of the maximum
drag coefficient upon the nose shape. The drag coefficient vs

depth histories of a cusp, cone, and ogive of equal lengths are
shown in Pigure 9. 1It is seen that the cusp has twice the maximum

drag coefficient of the cone, and that the ogive is slightly over
half that of the cone.

18



NSWC ‘WOU'TR 7520 [ aduced from 1
e ‘sveiable topy.

SHOT NUMBE? 2075 SHOT NUMBER 2076 '
. NO TRACE)

SOTH CAMEIA SPEEDS APPROX . 1200 FPS
SYNCED STHOSE ILLUMINATION

SICONTIMUITY N TOACT ZAUSED
AY STROSE FLASH

SCOPE SwEEP 0.001 SEC CM

FIG. 7 UNDETWATEY PICTURES AND COUMED ACCELEROMETER TRACE FOR A 80 &
OGHE ENTEUNG AHATER AT APPROXIMATELY 70 FEET PER SECOND
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FIG. 9 TOTAL DRAG COEFFICIENT s DEPTH FOR EQUAL LENGTH NOSE SHAPES

21




NSWC/WOL/TR 75-20

rAlso of intoarest is that the relatively slight curvature of
the 90/30 ogive has changed the basic forcing function fr~= concave
upward, which a cone always has, to convex. The data regqgarding
the hemisphere was taken from Reference 2) for comparison. These
values are typical and not those of limit, or optimum configura-
tions, It shoul:l also be noter: that, in general, the steady-state
drag coefficient is in the same relative order as the maximum drag
coefficient, although this result is not true for the hemisphere.

The variation of maximum total drag coefficient Cldnay with
changes in swent angle is shown in Figure 10. Curves are given
that defire the possible Cdgu,, values for shapes with a 90-degree
cone angle (l-caliber lenqth) and a 60-degree cone angle {1.73-
caliber length’® In addition, the probable curve for a 10-degree
cone angle is .. ustrated. Also included are the geometric limit
curves for this family, and the curve of minimum drag coefficients.

It is interesting to note that the ogive limit curve is a
direct copy of Fiqure 8. This is due to equivalence of cone angle
and swept angle in the case of tangent ogives. The scarcity of
experimental data prevents the exact determination of these curves,
particularly the cusp limit curve; however, the basic curve shages
seen to be established. 1In order to estimate a curve such as the
30-degree cone angle, the value of Cd_ .y is obtained for the cone
shape from rReference (1) and plotted at zero swept anglea equal to
plus or minus the cone 2ngle. Then a curve is faired between these
three points such that it is a family member of the previously
plotted experimental curves.

I1f sufficient data were available, it would be possible ‘o
divide the area between the cusp limit curve and ogive lixit
curve into two regions by a separation line. Shapes located
between this separation line and the cusp limit cu. would be
fully wetted during entry. For all other ogives, separation
would cccur on the forebody: therefore, their drag coefficients
could be determined from drag coefficient values of tangent ogives
by simple geometric means. It is believed that this region would
include wmost shapes of practical interest. One speculation is that
the line uf minimums is common with the separation line.
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APPERDIX A

The original éata from several tests form ‘his eppendix.
Thene particula: tests were selected to provide informmiion at
separate velocities for each of the four shanes tested. The shot
nuabers, waight, gage constants, end other necessary numeric
values are glven in Table A-1l. The resainder of this appendix
contains optical copies of the coriginal data photographs.

Table A-l
NMumecrical Constants

Gage Time 3cope Scope

Shot Weight Cmotznt Constant Gain Sueep
¥o. Shape (1bs;  (f+/secc/V) (sec]  (V/cm) (sec/ca;
2053  60/43 4,36 8.7 .2 2.0 .00%
2071  60/L3 4.3 63T . 009 0.1 .001
073  KQ/43 4.3 2609 . 009 0.1 Moo M
232& 90/30 3.54 3138 .75 .01 . 205
2¢ 9a/30 3.Rs 2669 . 009 0.2 .00,
206 60/-43 3.81 2609 . 009 0.2 . 001
2062 6C/-43 3.81 2609 . 009 0.4 .001'L
2.903 60/-43 3.57 2809 .08 .02 . 005
2044  90/-30 3.46 3138 <75 .05 . 005
2064 90/-30 3.70 7609 .009 n,5 .001
*Shown in Z7igure 3.
A-1l
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APPENDIX B

This section consists of sketches depicting the various
models tested during this series. The nosinal values of the
disensions were used in the reduction of the data. Measured
diameters at various stations are tabulated on each sketch and
an estimate of the actual shape is also given.

As the test series progressed, a8 slight rounding of the tips
occurred due to repeated hitting of the nylon-impact mats used to
stop the models. No correction was attempted for such rounding.

Early in the test series, the tip of the 60/-41 cusp broke
off. During the reduction of data in subsequent tests, it was
assumed that wvater contact occurred as if the tip was intact.
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APPENDLIX C

This progrem, vritien in the LASIC camputer language, was
used to reduce the 4ata presented in this report. The operations
79 as follows: (1) the original data is converted into time after
‘ntry and acreleration for each data point; (2) the velocity and
distance traveled after entry is then computed at the data points
using trepezoidal integration; (3) from this besic data, the
added mass 1s determined at each dats point by an iterstive
procedure, as is the distance asgsoctated with the maximum total
drag coefficient; (&) the values of veiocity acceleration and time
are then gbtained by interpolation at fixed Aistances relative to
the point of maximum total drag coefficlent; anl /5) the values
of total coefficient and added mass are then cuxputed at
these fixed distances and the results printed.

The subroutines of this program, in order of operation, are.

SUB 500 Reads the data and computes the time accelera-
tion velocity and distance for each data point.
SUB 1400 Computes the buoysncy &t each point, assuming
no separation,
SUB 900 Defines the initisl totsl mass as the mass of
the model and goes to SUB 1000.
SUB 100C Computes at each point the total drag coefficient,

the steady-state drag coefficient {D9), and
the data point number associated with the
maximum total drag coefficient (E).

sUp 830 Computes the added mass and total mass at each
point.
SUB 2000 Converts by interpolation time, velocity, and

acceleration from the read points to points
fixed relative to the distance associated with
the maximum totsl drag coefficient.

suUB 8000 Piret print.

SUB 9000 Beconé print.

The inputs required for this program deginning at line 1700 are:

L‘L i “




NEWC/WOL/TR 75-20

Cl = Scope swept (uc/ml
C2 = Scope amplitude {vo tg/cn{
gﬂ = Csge constant (ft/sec®/volt)
= Tiae constant (seconds
V1l = Entry velocity (ft/sec
D2 = Mater distance (inches
K2 = Number of data point pairs
C5 « Shot mmber
D1l = Diameter (ft)
Wl - Weight (1lbs
Pl = Cone angle (degrees)
P2 « Entry angle (degrees
Rl = Radius of curvature (ft)
Bl - Swept angle (degreess
U2 = Shaps Code: +]1 = ogive; -1 = cusp
C6 = Conversion factor (counts per cm)

The data reed from the oscilloscope trace are entered as follows:
(1) the time coordinate of each data point is entered b

with line 1730; and (2) the litude coordinate of each data
point is entered hqinninq with line 1740.

A sample run is given on pages C-3 and C-4, The program
1ist 13 given on pages C-5 through C-8.

C-2




1400
E= 20
g£s 20
€= 20
€s 20

2000

SCEY 079942

2009

1 400
E= 16
€= 16
£= 1¢
= 16

NSWC/WOL/TR 75-20

SHOT NUNBER 2141)

D1sTY
« 000012
639064 -2
« 127921
«191875
+25583
319784
«383738
« 844769)
«S11647
«575602
«8395%6
« 70351
+ 767465
«831419
«895374
« 959328
1.02328
1.08724
119119
121918
12791
1+ 40701
1493492
1.6628)
179074
191864
2.0460
217446
2. 894
2.8 401
J.13378
3. 4%3%%
Je773)2
4. 09309
4, 41287
8072644
S.05¢2 40
%.37218

vEe.

4.6
24,4006 4
24.6115
24.6141
24.6126
24.6088
24.9%773
24.583
24.%7
24,5499
24,5222
24.497
P24. 4498
24a.4414
2404123
24.38)
24:.3%37
24.3249
24,297
24.2706
24.246%
24.20))
24.164%
24.129)
24.0948
24.0028
24:.0307
24.000)
23.927
23.0%45
23.7389
23.7211
23050
22:99
23.52%
23. 4002
23.3%%7
23.33%)

VELOCITY 2444

TIng
3.45729E-8
2:.16 706E- &
443)235E- 4
‘."1.3:“
8:646290E-4
1.08285%E-2
1.29989E-)
1951627€-3
173309E-3
19S01JE~D
2« 16740€E-3
2.38481€~)
£.60289E-)
2.82041€~-3)
3.038%7E~D)
« 003257
3. 47%73E-2
3.69475%¢€-3
3.713%6C-)
4.13340E-2
4:3%312€-)
4.79313€-2
$.233%1€-)
5061’5"'3
6+ 117%6E~)
$:560068E<-)
7.00)4%E-)
T. 447688~
$.56003E~)
9.6745%0L-)
1.07947C-2
1+12156L-2
13040008~
1.41693L-2
1+93UCSE-2
1:.64)%2¢-2
175 722€-2
1.87129€E~-2

c-3

ACCEL
32.7817
27.829)
16.8817
4.04689%3

=-18.841%

«34.2024

-%2.0416

-49.27187

~88.1109

«103.9%4

112611

«121.159%

- 1920 . 429

«-132:%336

«134.037

-134.5%1

133753

=130:197

~184.14

-119.272

«10%5:.3%8

-92.33%7

-8J.8842

*78.862

-T74.% 429

«72.3867

-4$9.932)

«¢3.0374

“-64.1917)

613484

«60.5501

-59.4%19

«S8.0074

=57.209)

-5 . a26%

-5%.6727

~55.3982

-5%. 729)




DIST
+ 000012
6:3%664E~2
« 127921
«19187%
«25% )
319784
<3837
« 447693
«S11647
«57%602
2639556
«703%1
¢+ 767445
«8J1 419
«8953%74
« 959328
102308
108724
1«15119
121918
12791}
1«.4070¢
153092
1642083
179074
1921864
2.044%%
2.174046
2.494R3
2+.81401
Je13I78
Je.a%3%
377332
4.09309
4. 419287
4.73264
5.0%24
$.37218
SeREADY .

NSWC /WOL/TR 75-20

DRAG C

~2:.23 89 4€-)
1«T1971E-2
6.009%JE~2
« 11035
« 200292
« 2640759
«3312
«39%631
« 474802
«538812
«57447¢
«+ 610157
«841100
« 659608
+ 667748
671788
«6T70784
«658136
«$3%3%
+ 800531
+ 56097
+«308%6 4
« £47505%
« 45492
«43874%
-« 428932
+ 419019
« 411338
« 395548
«J8I6 A7
«J804
275894
+ J6%6
«J6%78
« 36201
« 358362
« 3568465
« 3498139

ADD »
'7-9‘375:"
2:.75%5 8E-2
+ 17069
s B4
1.06206
19163
J. 01 )
4.3672
5.98738
7.865%54)
F.92817
121231
14. 4415
16.85%15
193108
21.7927
2a4.2802
26.7405
29.1391
31 .4PY
JI.5011
3715 a5
41.192)
44.46385
47.9501
S1e1654
$54.3076
$7.3847
64.8%99
72.0787
T9.1589
86.16))
923.06%7
79.8822
108. 6240
113.29%8
119.92a
126 .548

———— o fa

-\
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LIST

SZCab e i0e%1.12. 09720772

0 DIn AC ) 2BCA0’,CCH0),DC 202, EC 40) ,F( 40D

12 OI% MCA0)sNCA0),RC 207,50 403, TC 40) , UC 30) , VC 40?5 X( 40) , Y ( 40)
60 Jas- 1|

100 Ge S.u» %00

103 G8 SUE 1400
106 G® 5uUB 900
107 2 SUB 830
i o8 Gé¥ 5U8 1000
107 60 st 830
112 G8 S5us 1000
119 68 SusB 830
116 G8 3uUB 1000
1" G9 5US 830
118 G8 SUB 1000
ti19 IF Uar0 THEN 130
120 68 3UB 2000
121 K8=|

122 K2=E2

123 LET Uasg

125 68 19 10

130 g8 SuBp 6000

12§ GO SUB 9000

$00 READ C1,C2.C3,C»

S03 READ V1,D2,K2,C5

SO READ Di,Ni,PI,P2

509 READ R1,81,U2,C6

518 LET At})Y=D

si12 LET TC1:D

"3 LET PP P2/7%7.]

%17 LET WosuisSINCP2)

520 FGPR X=]1 T® x2

$30 READ X(X)

531 NEXT K

532 FOR K=y TO 2

3% READ Y(X)

53¢ NEXY K

%)Y FOP =2 T K2

$a0 LEY TIXK:-IX(K)=XC )2 08Ch/’Ce
540 LET AMKIs(V(X)=-YC(]1))esTROLCI/CH
$10 LEYT C(KIeCUr =) oAU (K= 1))IS(T(NI-T(K=1))/7CROCA)
a0 NEXT X

$S90 LEY COP=( -V 1+50R((V1)v2¢3.364°0222/732.2
&00 K@=}

610 FOR =) TO x2

620 LET ACMIa-A(KR)=CC(KI IR, 2oSINCFD)
630 (K e TiN)-CY

640 IF T(K)*»0 THEN 660

6%0 KSesxB o)

+60 NEXT ®

a2
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LET T(M8-1)sQ

LIT S(XE-1t)ey

LET W(KS-1)sV1

FOR K3KB T8 X2

VIRISVEK= 1) 0. SOCAIKIeALK=-12ISL TI(N)=T(K=1))
S(KISS(K=1) ¢ 50CVIKIW(K=13D)O(TCKI=T(K=1))

NEXT K

RETURN

LET X(K8~-1)=0

LET Y(KB-1)=0

FOR X=x8 TO X2

ACK)u. T7618Ds YROWKK)

YCKYRYCKe 1) 0.SOCKCVIOXCK=1)IBCStNI~S(K-1))

LET M(KIsY(K)oWL/I2.2

NIXT X

PRINT “Ee™L ,
RE TURN

FOR K=§ T K2 !
LET M(X)nWi/32.82

NEXT X

FOR XsKS TO X2

LET WX eiinti)et=128ACKI ) ewd=B(XK))

LET HX)SWUIK) /{9690, 185 a0W CK) *RO( DY) *2)

MEXT K

LET U(KS-3)s0

FOR Kek8 TP %N2-)

IF UtKiect THEN 1080

IF UCKI-UCKe1D<0 THEN 1080

LET E=K

o8 7 110

NEXT &

RETURN

PRINT 1400

TasCPIoC(UROBI)) 7(20%7,.))

YiIsRIsSINCTI)

U3e-|

FOR KXeKE T® K2

IF U3I»0 THEN 1480
R(X)sUPSSORIRI *2-( Y 1-UZe5{ NI I *2)~U2e(RISCOSC TI))

IF REKI<.3eD]1 THEN 1500

R(X)=,.S5eD}

Ulsé

NEXTY X

LET (N8~ 1)s0

LET R(MB-1)>=0 q
FOR XekS TO xg

BRI SBCK~1293. 141808840 .3FCRIN) *RoR(N-1)*RIS(SINISI{K=-1))
LET B(RISPIN)OSINCPR) 1
NEXT X

RETUAN




1700
1710
1720
1781
1728
1730
1731
1720
173
17¢)
1743
1740
1743

NSWC /WOL/TR .5-20

DATA .00%,.0%,200%,.079%

DATA 20:64:.975,39,2141)

DATA .2%,3+,641,90,90

DATA .32986.,30

DATA 1,306

DATA 394, 741,796,812,823,831,030,842,849,842,872,881
DATA 898,90R,920,9)37,9%51,945,978,99% 1010, 2028, 1002
DATA 105%5,1070,1092,1120,11648,1230, 1296, 1388, 1500
DATA 13583,1698, 1640, 1980,2006.,23138,2%90

DATA 270,270,273, 208,311, 328,337,360, 08, 480 049, 473
DATA 321,500+ 570,959%,617,087,630,630,687,614,%594,51)
DATA S49, 589,309,491, 47%, 403, 451, 444, 437, 420, 422
PATA 419, 413, 408, 402

PRINT 2000

PRINT "S(EX"S(E)

LET £3=1

FOR JsKE8 TO K2

If £3=1 TMEN 2120

1F E3=2 THEN 2100

IF E3=) THMEN 2080

LET YCJy=svi D)

o9 T 2130

LET YCIIeTCLD)

o TO 2130

LEY YCJI=ACD)

NEXT J

FOR Joxs T M2-2

LET S2s(Je2)-SC())

LET S138¢Jei)-SC))

LET AlsY(Jel1)=Y( )

LET AR2Y(Je2)-Y( D)

LET ACS)e(CS2oSPeAl)~(S10310AR))/((S]1080e82)~(S8031031))
ClJUIStSEOoA1-S1eAL) /(S *2032-821281)

NEXT J

LET E9=23(E) /1S

LET D(1)=.000001

FOR 1=2 TO 21

LET DX1)sDC1=1)0+0EY

NEXT 1

FOR l1=22 T@ 20

LET DXI2=DCi~1)eQeLY

NEXT I

FOR 1229 TO )

LET DXI)eDUlf=1)e3elY

NEXTE




2340
23%0
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2300
2510
2520
2530
2540
25%0
2560
2370
2580
2990
2500
2610

floN
L=t

2630
2640
8000
8004
8006
8008
8010
8015
8020
8030
8900
2000
2003
9010
2019
9020
2030
”99

NSWI/WOL/TR 75-20

FOR J=K8 TO K2-2

IF JoxBe.1 THMEN 2380

FOR 1=1 TO )Y

IF J=K2-2 THEN 2400

IF Dt13»3¢Je1) TMEN 2520

IF JsE=1 THEMN 2630

LET EC1)uiVEJISAC LI SLDE]1D2=SC0I)SC ISl DA L) =5CJ)D ')
IF DC1)»3(K2)THEN 2320

17 E3=) THEN 2490

IFf £332 THEN 2470

If £3=1 THMEN 245%0

LET X¢1)nEC])

e T 2%10

LET TC1)sECT)

cETe 2510

LET v(i)=E(])

o9 T8 2%10

NEXT |

NEXT J

LETYT EJ«EDe)

IF E3=4 THEN 2570

LET E@sl-1

Ge Te 2020

PRINT "2000"

FoR Js=) TO E£2

¢ D)

LET ACJ)eXCJ)

NEXT ¢

of T

E{I)oYCD) ol DL i) =S U)DOCYC U 1o Tius57028020-2¢0.0))
GO 16 2410

PRINT

PRINT “3SNOT NUNBER “CS, " VELKCITY "W}
FRINT

PRINY "DIST ,"VAL","TINE","ACCHE."
FOR X=x8 T8 K2

LET DIX)sSiKk)IO 1R

PRINT BCXIVERD) , TCK) o ACK?
NEXT X

RETURN

PRINT

PRENT "DIST™,"DRAG C*, " ADD n*
FOR K=X8 TO X2

X{K)uaSa4s( I2.20M(K)~ 4]

PRINT DY ,UIKD o XCK)

NEXAT X

EnD

SSREADY .

Y

—
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APPEMDIX D

in this appendlx, there are tadt - +ted numerical results
obtained for each test in this series. Also included are plots
of average values of total drag coefficient vs depth and added
mes vs depth for each shape tested.

In those cases where the tabulated number 1is not di
“he property list is for a 3-inch-diareter body. 2 mensionless,

In Table D-1 the column headings have the following meanings:
Weight, the model welight with no allowance for the trelling cable;
Velocity, the model velocity at the instant of water contact;
Depth, the distance traveled from water contact until the maximum
total drag coefficient is racked; Cd, the maximum total drag
coefficient (f:iction is included); hadea Mass, the computed
value of added mass that occurred when the total arag coefficient
was meximum; Steady State Drag, the value of the total dreg
coefficient averaged over the three deepest points.

In Tatles D-2 through D-5, the instantaneous values of
Total Drag Coefficient and Added Mass in grams are given for
selected computing stations. The depth given is the aversge depth
of the computing station and applies to both parts of the table.

A



Shot

2055
2053
21408
21409
2073
2072
2071

Average

2052
2051
21412
21413
2069
2070
2068

Average

2047
2046
2048
21887
21503
2067
2066
2065

Average

2044
2043
2042
2045

seight

b

4.34
4.4
4.09
4.09
4.34
4.34
4.34

3.64
.64
.64
.64
.8
3.9
.99

3.57
3.57
.57
3.57
.57
3.6l
3.81
3.8

3. 46
3.46
.46
3.46

MSWC/WOL/TR 75-20

Table D-1

Suamary of Data

60/43 Ogive
Velocity at
(ft/sec) Cq Max

12.6 1.18
13.6 1.12
20.6 1.09
24.2 1.08
9.0 1.02
70.0 1.10
71.6 1.09
1.09
90/30 ogive
13.8 .946
13.6 .930
24.2 1.052
24.6 .959
71.0 1.035
75.3 .95%5%
76.1 1.010
.991
60/-42 Cus
12.3 2.19
12.9 2.21
13.) 2.22
19.0 -
231.9 2.24
67.8 2.12
67.0 2.21
79.9 2.27
2.21
%0/-30 Cus
13.2 1.29
13.6 1.32
13.6 1.3
13.7 1.3)

Hax

.308
.304
.307
.292
.298
.292
.314

.302

.732
.663
.665
672
. 707
.656
-648

678

1.45
1.60
1.48
1.56
1.49
1."
1.46
1.47

1.49

2.45
2.41
2.3)
2.29

Added
Nass at

12.4
11.6
11.2
10.8
12.4
11.5
13.1

11.9

25.7
20.8
23.3
21.8
27.4
4.1
26.7

4.1

29.7
37.6
13.0
29.6
20.6
20.9
29.9
29.6

3Jo.y

36.7
’.ll
3s.2
36.2




shot
m.

21410
21411
2064
2063

Average

NSWC/*ML/TR *5-20

Table D-1 (Cont inued)

summary of Data

90/-30 Cus
Depth
weight Velocity at
(ibs) {fr/sec) Cq Max
3.57 23.14 1.24
3.46 24.27 1.24
3.70 69.7 1.31
3.70 72.2 1.28%
1.29
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