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LIST OF SYABOLS

a acceleration

A area to which drag coefficients are related ,

B buoyancy

Cd total draq coefficient

Cds steady-state draq coefficient

q acceleration of gravity

I total added mass m - (ml + f2)

m1 steady-state added mass

m2 lost added mass

, . mass of model

r surface zadius

R base radius

RC resistance-capacitance time constant

S depth (distance traveled after water contact)

t time frm impact

U instantaneous velocity

Uo model velocity at impact

V volts

Scone angle of oqive or cusp

B swpt angle of ogive or cusp

0 mass density of the fluid
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IN-TRODUCT I ON

in~ the study of water-entry forces, the simplest experimental
case to handle is the vertical entry of cones since the Iaw nf
similitude allows prediction of the nature of several Limportant
parameters. An extensive z;.perimental study of cone water entry has
been completed at the Naval Surface Weapons Center and is reported
in Reference (1). From an expeerimeataL, and geometric viewpoint, the
next s2.mplest case is prfubably the vert~ical entry of oeuives. An ogive
is a body of revolution, the nose rrofile of which is forrw'd by the
single arc of a circle. One limit of this geommetric family is the
hemisphiere, while the cone may be considered as a *straiqht ogive,'
separating the normal oqive (bulging) from the inverted oqive called
a cusp (hollow). This simple geote-et.ric family has received very little
attention from experimenters in water entry with the exceotion of the
ogives tested by Major (Refl. (2)), and the hemisphere which has received
considerable experimtental and mathemtatical consideration by several
investigators.

As the tests of the vertical entry of cones were beinq conducted
at the Naval Surface Weapons Center, and the data wete be~ing reduced,
speculation developed as to the effects of profile curvature upon
the water-entry characteristics of various shapes. A short series of
taaltn va conducted 3s a preliminary investigation to answer some of
these speculations and to extend some -f the result-s obtained for concs

r to other simple shapes (ogives).

TESTS PJR)CEDURE!

The test procedure was in principle identical to that reported
in Reference (1) Eur con~es, and the dlata contained in Reference (1)
ore extensively used in this report. The experiments were conducted in
tbe Pilot Hydroballistics Facility at Naval Surface Weapons Center,
Figure 1. The wodel, containing % single axially wunted cryst51
acceler mter, was launched from an air gun (velocity, 30 feet per
secouid and higher) or dropped thz,.,ugh a tube, such that normal
impact with the surface of the water resulted. A cable (traumia
wire) connected the accelerometer within the model to stationa'ri
electronicz. The output of the gage after amplificat-ion was
photo3grahically recorded using a CRT oscilloscope. As the mod"ql
neare th wsater surface, a trigger screen was interrupted, causing
a microsecond strobe la1 t- produce three flashes equally spaced
in time, thus expos ing the film in an open plate camera. iociated
"i.Aide the camera w&2 a phtte-n-rki'.p that converted the light
from the strebe into voltage that was mixed with the accelerometer
output to 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 rodel on thp water surface was
phctoqraphed, as well as the model. thus defining t~he surface to
be impacted. This technique res a..ted in two photographs, one

1- Z Fe1. 7 -al n'Vertical Water Entry of Cones,O NOLTR 71-25 of

2. A. Weible, *The Penetration Resistance of Bodies with
Forams at Perpendicular impact ott Water,* German A'via Res. Rt No.
4541, Naval Research Laboratory Transl. No. 286, revised (1952)
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showing the rodel, generally above the water surface, at three
points in tLme; and the other showing the voltage itput of the
accelerometer, and the time of each exposure on a coommn time
base, displayed on an oscilloscope. Figure 3 shown 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 weight by about 100 grams. Offsets
of each nose wer:e measured to an accuracy of t.001-inch in both
station arnd radius and are included in Appendix B. The nose shapes
calculated from the measurements did not cA-!-- -- ae with the
nominal values. The greatest difference was the 90/30" oqive which
seemed to be an 88.42/32. 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 similar quartz gages with internal electronics responsible for
low-output impedance. The capacitance of the multiple-crysta.l gage
reduced the relative error caused by changes in capacitance in the
cable ,trailing wire) due to acceleration and other loads. The
multiple crystal accelerometer was used with a charge amplifier to
increase the systu ImC time constant when a max'mum acceleration of
less than 309 was expected. An electronic filter yas also often
used.

The gages, scopes, filters, and charge amplifier were cali-
brated as a system. Three methods of calibration were used for
each gage and electronics combination employed in the test series.
Several combinations were rocalibrated during the test 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-q drop test, the gage and model were held by a
short length of nichrome wire. A high current electric source
was applied to the wire, causing rapid melting and quick release.
This step pulse of one-g was used to determine the leakage rate
of the gage-olectzonic 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 series, the effects of model shape and entry
velo-i"t v.r- st:died. roouL shapes were tested: two convex

* oqive nomenclature is shown in Figure 5

Ls
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ogives and two cusps. The details of these models are shown in
Appendix B. The velocity range studied was from 13 feet per second
to 80 feet per second. A total of thirty tests were made.

DATA REDUCTION AND DISCUSSION

The *a priori' assumption made in the data reduction was that
the external forces depend only upon size, geometry, actual
velocity, and distance below the water surface. Additiona)ly, it
was assumed that: (1) buoyancy force is calculated from orig-in-al
water surface; (2) friction drag coefficient is constant for all
conditions.

The preliminary data reduction was done manually and involved
changing the photographic records t-o digital form. The photographic
information on the plate camera and oscilloscope records was
reduced to numbers as follows: the olato camera photograph was
used te determine the impact velocity and to locate the water
surface relative to the oscilloscope trace. The distance the .-odel
advanced between flashes was computed using the diameter of the
model as a reference dimension. The time between flashes was
measdred by an electric counter. The distance from the reference
picture was measured (if possible) to a point halfway between the
picture and the matching reflection. Again, the model diameter
was used as the rference length.

The readings of the oscilloscope records were made using a
film reader or toolmaker's microscope in the followinq 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 recorded
information such as model diameter, .eight, and scope gain, were
entered into a time-shared digital computer.

The acc-leration tit-e data were converted to English engina-erhri,
units for computations. The coordinate axes were shifted such thac
nero acceleration occurred just before impact and that time zero
owcurrPd at water contact. The following correction for leakage was
then applied:

4u dV dM (True) - T (read) + (rea, dt

The 3ce-lerstion coordinate a-is was shifted such that + one g
occurred just before the water contact. The velocity ane distance
were then determined for each data point using trapezoidal inte-
qratfon. The values related to water-entry effects were then
computed.

10
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The equ~ation relatina the roentum" just before first contact With
th'e rcwir~ntu, at some later timie is giver. as Equation ~1) , arid the
forze eq,.at~ion is l;iven at E-qvatirn (2).

UON-U(M4VI) B dt -Mgt + % CdshU 2 dt (1)

dU 2

Substitti.ting U2 !!tk for the second term of Equation (2) and rearranging
t~ern gives: d

a a*~ ) + Mg - dS U2 + Cd~s()A(3

If the total. drag coefficient is defined as

C(St 2 j dt *+C (4)

then Equation (3) may be rewritten *s

dU (p~l -a+M Cd (S) AV2  (5)

In Equation (7) there are two unknowns, a1 (t) and C49(tj. One method
of solution iz to test imodels with two different masses and them
solve Simultaneously for U~t) and CA.(t). This technique was suggested
by Dr. Arnold E. Seige of HAVSUMWPRCE

An attempt was made to separate si(t) fra C Mt for con s
during vertical entry (Ref. (3)). The-results inafcatad that Cd
was equal to zero until the base of the --one passed the original

P water surface. ?cr deeper penetration, large scatter occurred in the
values Of Cds making definitive results impossible. The ise of Podels
with single mass for each geometric shape during tb,!a~e tests of oqives
and cusps preventp-d the use of the sismultaneous solution method of
separation.

Being unable to separate the adeed mass, mx(t) from the
steady-state drag coefficient (Cd9), it vas decided to cin*
them. The usefulness of this approximation and resultinq errors
were obtained from Equations (1) through (5) as follows:

3. *An Experimental Investigation of water E~ntry*, thesis by
John L. Baldwin for Ph.D., 19 May 1972
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The added mass (m ) is the added mass of the steady-state
flow field of thelwater entry body and the water impact
force U do is due to the establishment of this flow field.

Hence, the value of added mass should.approach a steady valve
when the surface has been passed. Changes in added mass due
to cavity collapse occurred at depths rvuch greater than
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
Equation (1) as the integral of steady-state drag coefficient
(Cds). Cavity formation and viscouas wakes contributed to Cjs.
Hence, Cdo remsained small until cavity or wake formation
began and then increased to the value obtained in steady -
state water tunnel experiments. The importance of these
losses were estimated by the:

1. Observation from Equation (3) that the steady-state
drag coefficient could be represented by the
derivative of lost added mass (u2)

!Cd (S) A U 2 m 2 = (6)

2 da dt

2. Substitution of Equation (6) into Equation (1) and
the application of integration by parts obtained
Bquation (7).

t t
Uo0 -U (H +1 NO dt - Mgt + - 2 = 2 (t)d dt (7)

Ito t~o

3. Evaluation of the last term assuming that a was
zero from t to b and then a monotonic fun9tion
from t 1 to V and ihat U was also a monotonic
function

r U2 It) ! dt - 42

&Moation (I) was obtained by the combination of the last two
ter" of Rquation (7)

AU
02 (V - &M - a 2 U(l - - ) ;m 2 V(l - U (M)

)lU

k1
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Where U- was the maximum error caused by the approximation

0 Cda A U2 dt 2
0 I

Note that AU is the change in speed from time (t 1 ) to time (t).
Then Equations(l) through (5) were approximated Zy Equations (9)
through (13) where a - (01 + U2)

S- U (K+ = Mo adt - t()

dU U dodm g - (10)
d- at + (_o)

ME d1 - U U1

- a' C ( 5~) - 2 doi • - (1

d NCS (12)dud

S(.m) _ 3 + Nq - - o Cd(S AU 2  (13)

When buoyancy and weight could be naglacted, the Instantaneous
velocity was estimated by Equation (14) obtained from Squation (9)

u g M (14)

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

dU 1 p2
411 a Cd(S) A W2 Uo2  (15)

where the values of Cd(S) and m are given in Appendix D. For weapon
diameters other thban three inches the values of added maps given
must be multiplied by

(va~u~Diameter in Inches)
3

13
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The experimental data consisted of the acceleratio.n-time
function dU 0 initial velocity Uo and the time of water contact to.

3 t0
Trapezoidal rule integration of tie acceleration-time function dU

411t
produced the velocity function (U). In like manner the distance
function (S) was obtained by integration of the velocity function.
The buoyancy force (3) was computed as the weight of water dis-
placed by the model below the original water surface: i.e., no
allowance was made for the cavity. The total drag coefficient was
then computed using Equation (13); with the added mass (a) initially
chosen equal to zero. Next the added mass was computed usinq
3quation (12). The total drag coefficient was then recomputed
using the last computed value of added mass. Then 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 comparison of the results for each shape, it was
desirable to compute the final data at stations rather than at
arbitrarily read data points. Sixteen stations were equally spaced
between water contact and the depth at which the total drag
coefficient had its maximm value. At deeper depths, the distance
between stations were one, two or five tinies larger than the standard
distance.

The values of velocity, time and acceleration were computed
at each station by interpolation and the final data reduction
continued as before using Equations (13) and (12) for four iter-
ations. The computer program used to reduce the data was written
in MSIC and is included in Appendix C.

The errors induced in the results by -ombiaainq m and m2 were
estimated by comparing the results o0. two assumed fun;tions:

(1) * - 0 for all time

(2) d02 - 0 from water contact until the total

drag coefficient Leceme maximum and then a step to "2- . maximum
do

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

In these experiments the worst case was the maxiam pene-
tration of the 90/-30 cusp. At a penetration of four inches, the
difference in the value of total mass (H * ml was less than 4,2
percent. The use of total added mass (a) caused an error 1n.the
calculated values of total drag coefficient of seven percent for this
case. At deeper depths 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 division

14
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must be arbitrary at this time because of the lack of data or
criantitative theory. It is suggested that a suitable division can
be made by a quarter ellipse beginning at the start of cavity
formation and continuing for one body diameter. For bodies of
modpxate or large relative mass, the errors caused by a wrong
division are smail and noncmulative. The 90/-30 cusp model had
a relative masm of .128 Ibmt/nches which was about 1/2 to 1/10 the
relative mass of cooinn vater-entry devices. Also, this worst
case had a high final value of Cd which accentuatud percent dif-
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 formation.

GEOMETPY

There seems to be no standard method used in the literature
to define ogive shapes. An ogive shape is a pointed body formed
by rotating a circular arc. If 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 this
report uses two angles and one reference length. One angle is
the tip angle (a) of a cone of the same length and base as the
ogive and the other angle (B) is the angle subtended by the arc.
th bas diameter is used as the reference length. The tip angle,
base angle, slopes, and radii are all easily computed for both
normal ogives and inverse ogives (cusps), as shown in Figure 5.
Note that in Figure 5 the inclusion of a minus sign with the swept
angle 8 changes the ogive to the cusp. An inspection of the com-
puter program shows a continuing similarity in the geometric
equations. The only difference, if any, is a minus sign for the
cusp shape. The swept radius r is one parameter that has the same
equation for both shapes.

r = R/(2 sin (*/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 wmthod for computing the ratio between the base area of
a secant oqive and corresponding tangent ogive is shown in Fiqure
6. As a basis for this comoerison, the nomenclature must be such
that the actual tip angle remains constant.

In this report, it is assumed that the ta&..igent ogive in 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 when 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 assmption that separation occurs ahead of the base of

the ogive tested or at least at a depth greater than that at which
Cdmax occurs. Several serprate teots were conducted on the convex

ogives to determine the relationship between separation and
acceleration. The entry of thi' 60/42.6 ogive is shown in Figuire 7
which consists of strips from several 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 ogi•Ve showed separation at the nose
base at about 120 percent of the depth associated with Cdnax.
The results of Cdmm for both shapes were reduced to the tangent
ogive case and are given in Figure B. Also shown are the values
given in Reference (2) and some unpublished data from tests at the

b Naval Surface Weapons Center. Friction is included in the plotted
data.

The relationship between total drag coefficient and velocity
was investigated by normalizing the values of Cd..ax and performing
a least square fit to obtain:

For the ogives Cdmax = 1.013 - .00031 U0

For the cusps Cdnax 1.014 - .00041 U0

Therefore, the total drag coefficient may be considered
independent of velocity over the range of shapes and velocities
considered. In addition, the entire drag coefficient-depth
history sems 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 ar'.les (lengths). For example, the added mass associated
with a 90/-30 cusp is in better agreement with the added mass
associated with a 120-degree cone than with a 90-degree cone.

The tests demonstrated a strong dependence of the maximum
drag coefficient upon the noie shape. The drag coefficient vs
depth histories of a cusp, cone, and ogive of equal lengths are
shown in Figure 9. It is seen that the cusp has twice the maximum
drag coefficient of the cone, and that the ogive is slightly over
hilf that of the cone.

13
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A.lso _o. int--rest is that the relatively slight curvature of
the 90/10 oqive has chancied the basic forcing function fr"_ -oncave
upward, which a cone always has, to convex. The data regarding
the hemisphere was taken fro" Reference (2) for comparison. These
values are typical and not thost of limit, or optimum configura-
tio•ns. It should aJ.•o b* noted" that, in general, the steady-state
drag coefficient is in the same relative order as the maximum drag
coefficient, althovqh this result is not true for the heisphere.

The variation of maximum total drag coefficient Cdmax with
changes in swept angle is shown in Figure 10. Curves are given
that define the possible Cdoax values for shapes with a 90-degree
cone angle (I-caliber Xenqtb) and a 60-degree cone angle (l.73-
caliber lenqtl'' In addition, the probable curve for a 30-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 Figure G. This is due to equivalence of :zone 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 shaFes
seem to be established. In order to estimate a curve such as the
30-degree cone angle, the value of Cdmax is obtained for the cone
shape from Reference (1) and plotted at zero swept anqles equal to
plus or minus the cone -ngle. Then a curve is faired between these
three points such that it is a family member of the previously
plotted experimental curves.

If sufficient data were available, it vould be possible to
divide the area between the cusp limit curve and ogive l.Lrt
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, se.iaration
would occur on the forebody: therefore, their drag coefficients
could be determined from drag coefficient values of tangent ogives
by simplc geometric means. It is believed that this region would
includo most shapes of practical interest. One speculation is thatthe line uf minimums is common with the separation line.
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APPE•NDX A

The original data from several tests form "his appendix.
Theme partlcula:" test# were selected to provide informtio'n at
separate velocities for each of the four shanes tested. The shot
mmibglw, , Nwe t, VV. toastanta, end other necessary numeric
values are ivm in Table A-I. The reminder of this appendix
contains optical copies of the original data photographs.

Table A-1

Numerical Costants

Gage Time Scope Scope
Shot Wei4ht Constjnt Constant Gain Sweep
go. a (lbs, t /lec /VY) (sec) (Vi/c,) (sec/cam

2053' 60/43 4.34 18.7 .2 2.0 .005
2071 60/43 14.341 .6-009 0.1 .0-01
2073' 60/43 14.34 269 .009 0.1 .0o01

205 90/30 3.614 3138 .75 .01 .305
209A 90/30 3.P5 2603 .009 0.2 .00.

206 60/-43 3.81 2609 .009 o. C .DOI
2M6 60/-L3 '3.91 '609 .309 0. ~ .001
21503 60/-143 3.57 28(09 .08 .02 .005

2044 90/-30 3.146 3138 .75 .05 .005
2064 90/-30 3.70 ;6o9 .009 '.5 .001

"S•iown in ?71 re 3.

AMMMM~b. AW - -A
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APPENDIX B

This section consists of sketches deplcting the various
models tested during this iseries. The nominal values of the
dimensions were used in the reduction ot 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 progaessed, a slight rounding of the tips
occurred due to repeated hitting of the nylon-imact 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 water contact occurred as it the tip was intact.

a-1
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APPIDIX C

Thi4 progire, written iLn the LASIC camputer Iangpage, was
used to reduce the data presented in this report. The operations
-'1 as follows: (1) the original data Is converted into time after
,,ntry and acc.-Plerat ion for each data point; (2) the velocity and
distance traveled after intry is then computed at the data points
using trapezoidal integration; (3) from this basic data, the
added mass is determined st each data point by an iterative
procedure, as Is the distance associated with the muaxium total
drag coefficient; (4) the values of veioetty acceleration and tine
are then obtained by Interpolation at fixed 4istances relative to
the point of amaiau total drag coefficient; ane 15) the values
of total a coefficient and added mass are then ccputed at
these fixed distances and the results printed.

The subroutines of this program, in ,rder of operation, are,

MIU 5W Reads the data and computes the time accelera-
tion velocity and distance for each data point.

MUD 1 Computes the buoyancy at each point, assuming
no separation.

D900 Defines the initial total mass as the mass of
the model and goes to SUB 1000.

B 1000 Computes at each point the total drag coefficient,
the steady-state dreg coefficient (D9), and
the data point number associated with the
mawiin total dreg coefficient (1).

SUB 830 Computes the added mass and tOtl 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 maslim totel drag coefficient.

we 8000 First print.

BUD 9000 Second print.

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

C-1
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Cl a Scope swept (sco/ca)
C2 Scope amplitude (voitý/ c)

Go%@ constant (ft/sec /vo t)
Ti ae constant (second.)

VI = Entry velocity (ft/sec)
D2 - Water distance (inches)
K2 - •umber of data point pars
C5 a Shot mober
Dl - Diameter (ft)
V- V*eht (lb.)
P1 M cone ange( ldegreas)
P2 - Rntry Angle (degrees)
31 R aius of curvature ft)
SS9wept anale (degrees

U2 Shape Code: +1 = ogIve; -1 cusp
06 Conversion factor (counts per ca)

The data read from the oscilloscope trace are entered as follows:
(1) the time co"rdinate of each data point Is entered beginning
with line 1730; and (2) the amplitude coordinate of each data
point is entered beginning with line 1740.

A sample run Is given on pages C-3 and C-4. The Program
list Is given on pages C-5 through C-8.

C-2
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1 400
It a20
ICS 20
to 20
ES to

A~000
SCE) .009943
2003

1400
Em 14
to 14
to 14
to 16

5149S 01UNSER 21413 VELOCITY 24.4

Dist VII. TINL ACCEL

,000032 24.4 3*4?729t( 32o7311

693966AE2 24.0604 2*167041-4 27.6293

.127921 24.411S 4.33235(-4 16*6637

.19161S 24.6141 6o497639-4 4.04693

.25563 24.4124 6.44290E14 -36.1415
o319764 24.6066 1.05265E-3 -34.202-4

.383736 24.5973 1029949E13 -S2#0416

.447693 94o5634 1.51427(-3 -499273?

9.51147 24.541 1.733091-3 -egotist

.575602 26054S9 1.95013E-3 -103a994

.439554 24.5222 9.31740E-3 -1120611

.703S1 24o497 2*36461C(3 -321.355

.747445 24.4496 IC*40249913 -126*429

o$31419 24*4414 2.620411-3 -132.436

.695374 24v4tR3 3-03659E-3 -134.037

.959328 24.363 900325? -134.53

1.02321 24@3531 3.47573t-3 -133.753

1*06724 24.3249 3.494751.3 3130.359

10IS119 24,297 3.933941-3 -124&34

1.21S35 24.2704 4.133340-3 -1)5.272

1.2793 24*244S 4.35332E-3 -105.3S6

1040701 24*2033 4.79313E(3 -92933S7

1.53492 24.1445 5.233911-3 -63.6562

1.66263 24.3291 5.47559E-3 -746.62

1.79074 24.0948 4.33756E 3 -7,4.1,09

1.91644 24.0026 G.540466-3 -72.3647
2.046SS 24.0307 7.003491-3 -49.9323
2.17444 2490003 To.447661-3 -46.0374

2949413 23.927 6.540031-3 -64.1973
2-61401 23*@654 9.474501L-3 -61.3496
3.13373 239 WIGS 1.07947E-2 -40.550)
3*4S3%S 23.7231 1.191541-2 -S96491%

3.77332 23.4549 to304O*C-t -S400474
4*09309 472,%9 1.416939-2 -57.2253
4.41217 23-5156 1o IJOCM - 2 -SG4.434
4o73264 f33.443 3.443S21-2 .55.4727
S.05241 233.967 .a757221-2 -55.3962
5.372)6 2393353 1,871"t-11 -55.770)3

C-3
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DIST DRAG C ADD M
.000012 -2.23*941-3 -7.943?SE-?
6*39664E-e 1671571E-2 P?58-

:127921 6*00953E-2 -11069
.191675 *11035 046d'497
.25563 e200192 1.04206
.319784 .260755 1-916b3
.383738 o3312 3sOlIl
e447693 o399631 4.3672

.5s1I647 047402 S.98736
575402 oS30613 1.66S43
o639556 .574476 9.92817
.703S3 .610159 12.1231
.767465 .641103 140441s
:631419 .659606 36.6535
.695374 .6167"4 19.3106
.959320 0671716l 21.7927
1.02328 .670796 24.2602
1*06724 e156336 P6*742s
1.15119 .63S35 29-1391
1.23535 .600531 313e429
192791 .56097 33.5631
3.40701 .506964 37.i545AS
3.53492 .47S055 41eI923
3.41263 .45492 44@6365
1.e7"074 a.43745 47.9503
1691464 *AM932 51.16s4
2.04655 0419019 54m3076
2.91446 .4313335 57.3647
P o 69 3 .395566 64.6599
2981401 *363647 72.0767
3&13376 e3604 79.3569
3.45355 .375694 66-1633
3.77330 .34696 93*0697
4.09309 *36571 99*66122
4.43267 .36201 106o624
4-73264 .358362 1133296
5.05243 .3S6665 139.924
5037218 *358139 126,.54f

C-4
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LIST

sý-cA6 4 in.',t.12.0927
to IDIN A( W)*EeC40'AC(AD)ID(40).E(40)s7(4*0)
12 0IS 00(40) spot4OJ.R(4O)*.5C40)s Tc 401,W40), vc401.A( 00) V( *Q)
60 J48-1
100 Go S.., S00
303 GB 5L5ý I400
I06 GB sue 900
107 V~ SUB 830
f06 GO SL49 1000
109 GO SM~ 630
112 Go sue 1000
115 SI SUE 530

1 6 ofU" 1000
117 GO SLS 630
lie Go sue 3000

120 06 $sU 2000
ti2t goal
122 92sE.2
123 LET U409
125 as to 303
ý30 as son 6000
135 of sue 9000
100 READ CI*C2oC3*C*
50) READ VI.DgsK2*CS
506 READ Dt.WlePI&~P2
S09 READ Rl.UhaU2*C6
511 LET £435.0
Si2 LET T(1uhe
515 LET Pf 02ZS7*3
SI? LET W9sW1*SlftCP2)
520 FCR Kai to K2
S30 READ XtK)
531 NEXT K
532 FOR Kul TO K2R
s55 P EAD V (K)

$39 FSR ket TO K2
S40 "ET T(K)-Ef(M)-XWP~0CI*C6
S60 LET AK.YK-(3st3C
570 LET CK.(- .AK.K3)1TK-(.I)(*4
SIC) NEXT K
S90 LET C9s( -VI'I5iR((V 1)92'S 364D2))/32.2
600 K~s'
610 FSR Is To Ke
620 LET A(Ký*-A(K)-C(K)*3*,**S1N(P2)
630 TCK'*w1CK)-C#
640 IF T(K)&0 ThEft 660
6s0 KsuwIS*I
.60 NEX T 9

C-5
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670 LET T(KI-I)a0
671 LZT S(K9-').0
679 LET V(K6-3)wV3
"60, FOR SKsK6 To X2

700 SKe(-~.4VK.C-)eTK-(.2
710 NEXT K
1t0 RIETURN
630 LIE? X(K$-1~m0
632 LET TCKS-1)sO
33S r@R KaKG TO KIP

6140 AtK)**?6I*DI9IOW(KR
@SO Y(kluYCXa3)..e(SO (KCVX(K-3))e(5(K).5(K.3))
M5 LILT M(K)wYCK3.W1/3-..2
360 N(A:XT K
665 PPINT 089896
sic RETURN
900 0411 gal TO K2
910 LET N(%)vVIo32**
910 NUTXY
1000 6Fet xak*$ TO 92
1030 LET W~CNMS-)AK)W.()
1031 LET UCK)wU(K)/(.96Vs9.TS*4 K)*f~03,2)tR
1020 FME2T K
302 LET U(NCS.3)uO
1030 rfIt Ke16 TO KE-1
1040 Ir UtK)4t.3 THEN 1060
1050 Ir U(K3-U(K*3)4s0 THEN 1060
1060 LET taK
1070 as70 C1310,
I0W0 NEXT K
1330 RETURN

p1400 PRINT 1400
1430 T3vCP1.(U&*DI))(IeS?.3)
140 YlsRl3eSIICT3)
1430 U30-I
344C rfI KeKll TO 92
14S0 19 U3*0 THEN 1400
1460
1470 19 R(K)4.5S*DI 7TND $S00
3480 x(M)M45003
0490 U3*6
1s00 NEUT K
I530 LET PIU1l-)sO
ISIS LET PCX$-3)u0
3520 rem K*KI To Ke

3S37 LET §(K)w'ICK)e*SIN(Pf)
3S40 NEXT K
3550 RIETUON

L - 6
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1700 DATA .O05S, -3#209.o -0S
1710 DATA 24.6&sV75.39.2I413
172C DATA .25.3e641v90sV0
1731 DATA .3296*30
MS2 DATA 1#306

1130 DATA 547,14I2136116S1391.?.I
1131 DATA #"96.90R9&0&937#9S 1.965.978.995.31010s.1096#1043
1130 DATA 1055. 11470& 109ts I O0.I16461230# Itg6aIM3s I$00
1133 DATA I363. 1696.# 3640. 1#6.20u&0m3336.3590
317*1 DATA 276*276#917S#2S.311 3ft# 334'*36o 311S.4&0r449. 47S
1741 DATA St3I.#60. 516,.599.617 1.0#630*630*d?62&1 Al 94a S73
1743 DATA 549m569.509.49 1 a * 463s AS3. 451.4437*.430a MW
1743 DATA 439m.43#.406.400
ow0 POINT 3000
300 POIN "S(EJ"S(c)
3010 LET 93of

200FOR JasK1 TV K9
3030 If C301 THEN 2320
3040 If t3st THEN 2100
M0O If 13*3 THEN 2060
2010 LET Y(J)mViJ)

3100 LEI Y(J)*T(J)
23lo as To 2130
3O30 LET Y(J)*A(J)
2130 NEXT J
21S0 FOR Jag$ TO K2-2
2160 LIET S~in(J.2-S(J)
2170 LET S.s3(J#1)-SCJ)
2330 LET A3OV(J*l)-Y(J)
2390 LET ARaT(J.*9-Y(J)
300 LET ACJ).(St.&S2.Aw.-S3.S1.A*!)/((S1.S*.S3)-tS1.SIe31)3

2210 CCJ)e(Sg.AI-SIeAE)iISI93S902-5692*5t)
22*0 NEXT J
2230 LILT Ce9S(E-35
3340 LET D(I~s*000001
335 FOR let To 23
2260 LET DID1)E
R2310 NEXT I
220 FOR la22 To 26
2090 LET W0604D(-1)#690Y
2300 NEXT 1
2310 FOR 3-39 TO 3
13010 LET 0(I)sD(1-1l*5eE9
133" NEXT:

C-7
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2340 IF@* J=KO TO MR-I
23S0 IF JI-9S*.t THNC 2380
2360 FOR lei TO 39
2370 IF JuK2-2 TNE14 2400
2380 IF [KI)'SIJ*1) THEN 2590
2390 IF i.E-I THEN 2630
2400 LET £( I)s~(YJ).A(J)*C(0I)-5CJ)l.C(J).(D4 I)-S(J))'23)
2410 IF D(I)9-S(NR)THEW RS30
2410 It E3*3 MEN11 2490
2430 If £3s2 THENM 2410
2440 IFt£3.1 THNC 24SO
2450 LET X(I)aE(I)
2460 of to 25)0
2410 LET TMO)C(l)
240 SITO 2530
2490 LET VtIIUECI)

2510 NEXT I
2520 NEXT J
9S30 LET 93wE3*1
2540 IF £3*4 1MNC 2S70
25S0 LET 1.2.1-I
2560 as IV 2020
2510 PRINT "9000"
2510 rem Jul To 12
1590 SCJ)SDCj)
2400 LET A(J)*X(J)
2610 NEXT J

2:30

6000 PRINT
6004 PRINT "SHOT PAIDSER "CS. VELOCITY "V1
6004 F RINT

p 0002 PRINT "DIST"v"VtL"v"TI0W"."ACCtL."
S010 Tre KOKO TO X2
303% LET D(K)OS(K)012
602 PRINT D4(NI&VtKI.TCK).MK!
5030 NEXT N
6900 RETURN
9000 PRINT
900S PRINT "D351"s"DRMG C"*"AOD N4"
9010 fell KOKO To xt
9031 N(K)04s*oc 2962014)-bi)
9020 PRINT Lfri:.U(KsoE(N)
9030 NEX T M

c-8
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APDIX D

In this appendix, there are tat..4'•e numerical results
obtained for each test in this series. Also Included are plats
of average values of total drag coefficient v's depth and added
ass vs depth for each shape tested.

In those cases where the tabulated number is not dimensionless,
s•e property list Is for a 3-inch-dianeter body.

In T&ble D-1 the colum headings have the following meanins:
Weigt the model weight with no allMace for the trailin4 cable;
Velocity, the model velocity at the instant of water contact;DVeth, the distance traveled from water contact until the maxIsMatotal drag coefficient is racked; Cd the s total drag

coefficient (fl*iction is Included); Added Moas, the computed
value of added mss that occurred wtum the total drag coefficient

as maXIMa; Steady State Drag, the value of the total drag
coefficient averaged over the three deepest points.

In Tatles D-2 through D-5, the instantaneous values of
Total Drag Coefficient and Added Vas In g are given for

selected compqating stations. The depth given is the average depth
of the computing station and applies to both parts of the table.

D-1
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Table D-1

SUmMry of Data

60/43 Ogive

Depth Added
shot Weight Velocity at Cd Ness at

-O -b ft-/Soc) CMa Max C a

2055 4.34 12.6 1.15 .308 12.4
2053 4.34 13.6 1.12 .304 11.6

21408 4.09 20.6 1.09 .307 11.2
21409 4.09 24.2 1.08 .292 10.8

2073 4.34 69.3 1.02 .298 12.4
2072 4.34 70.0 1.10 .292 11.5
2071 4.34 71.6 1.09 .314 13.1

Average 1.09 .302 11.9

90/30 oqive

2052 3.64 13.5 .946 .732 25.7
2051 3.64 13.6 .930 .663 20.8

21412 3.64 24.2 1.052 .665 23.3
21413 3.64 24.6 .959 .672 21.8

2069 3.89 71.0 1.035 .707 27.4
2070 3.89 75.3 .955 .656 24.1
2068 3.89 76.1 1.010 .648 26.7

Average .991 .678 24.3

60/-43 Cusp

2047 3.57 12.3 2.19 1.45 29.7
2046 3.57 12.9 2.21 1.60 37.6
2046 3.57 13.3 2.22 1.48 33.0

21407 3.57 19.0 - 1.56 29.6
21503 3.S7 23.9 2.24 1.49 2e.6

2067 3.81 67.6 2.12 1.43 28.9
2066 3.61 67.0 2.21 1.46 29.9
2065 3.11 79.9 2.27 1.47 29.6

Average 2.21 1.49 30.9

90/-30 Cusp

2044 3.46 13.2 1.29 2.45 36.7
2043 3.46 13.6 1.32 2.41 38.1
2042 3.46 13.6 1.33 2.33 35.2
2045 3.46 13.7 1.33 2.29 36.2

D- 2
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Table D-1 (Continued)

summary' of Date

Depth Added

Shot weight Velocity at Cd IasS at

o.o= (t,.,Z- t/S@C) c__ £ •___

21410 3.57 23.14 1.24 2.4s 31.1

21411 3.46 24.27 1.24 2.36 34.2

2064 3.70 69.7 1.31 2.40 34.9

2063 3.70 72.2 1.23 2.35 33.2

Average 
1.29 2.33 35.6

D- 3
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