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INTRODUCTION

Considerable effort has been devoted to the solution of the
water-entry pr.blem as n in reference 1, which lists 135
reports on this subject. The theories presented in prior work
are in serious conflict, even for simple shapes such as cooes.
For example, Hoover and Reardon, reference 2, use the assumption
attributed to von Karman that the amount of added mass gained
during impact depends only upon the size of the ,ody annd not at
all upon the nose shape, while Shiffman and Spencer, reference 3,
show that for cne-shaped bodi.es, the amount of added mass is a
widely varying function of cone angle. This confusion of theories
has been compounded by a relative lack of experimental data, with
the exception of the work cf Watanabe, reference 4; Majer, reference
5; and Mosteller, reference 6. These early (prior to 196C)
experimenters, however, were severely restricted by available
instrumentation which limited impact velocity and/or configuration,
and inadequate computing facilities which complicated the data
analysis and essentially limited the practical number of tests
conducted. During the last ten years, these difficulties have
to a large extent been eliminated. Furthermore, facilities such
as the large Hydroballistics Facility and associate Pilot Tank at
the Naval Ordnance Laboratory 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.

TEST PROCEDURE

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)
or dropped througb a tube, such that normal impact with the surface
of the water resulted. A cable (trailing wire) connected the
accelerometer within the model to fixed electronics. The final
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 that 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
photographed 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. In 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 !.5-inch-diameter
changeable nose, followed by a 1.5-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. In 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 of the lighter than normal heavy models. An electronic
low-pass filter was often used with these gages to eliminate
ringing of the transducer or model.

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

4
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series. The three calibration methods were: (1) shaker table
with ODtical measurement of displacement; (2) shaker table with
comparison with a standard gage; and 3) a one g drop.

Tn the one-g drop test, the gage and model were held by a
short length of nichrome wire. A high current electric source
was aDDlied 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-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 all of the calibration
techniques.

RANGE OF VARIAMLE3S TETED

In the test series, a wide range of variables was investigated
experimentally to establish theoretical postulations such as
similitude and added mass concepts. in general, 3-inch-diameter
models were tested, except for some 1.5-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. velocity - 10.5 feet per second to 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. buoyancy force is calculated from original water surface;

2. friction drag coefficient is constant for all conditions;

3. steady-state drag-coefficient is constant for each cone angle
and equal to the value obtained in water-tunnel tests extrapolated
to zero cavitation number (ref. 7 for 0-45 degrees, ref. 8 for
60-140 degrees, Table 1); and

6
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4. surface heave-distance is proportional to the depth
of penetration for each cone angle.

Table 1

Steady-State Drag Coefficient

Cone Reichardt Hoerner Value
Angle Ref. (8) Ret (7) Used

10 .0595 .0595

15 .068h .o6&8-
20 .0866 .0866

30 .152 .1410 .14!

45 .270 .257 .257

60 .365 .415 .365

90 .497 .497

120 .596 .596

140 .660 .660

18o .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 photographwas used to determine the impact velocity and to locate the water

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 time between flashes
was measured by an electronic counter and the distance from the
reference picture was measured (if possible) to a -iint halfway
between the picture and the matching reflection. Here again,
the model diameter was used as the reference length.

The readings of the oscilloscope 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 V~re 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 applied. The coordinate axis was shifted such

8



IOLTR 71-25

that zero acceleration occurred just before impact. The following
correction for leakage was then applied: I

dU (True) = dU (read) + . St - (read)

The coordinate axes were then shifted such that + 1g occurred
Just above the water and that time zero occurred a. water contact.
The velocity and distance were then determined for eac: data
point using trapezoidal integration. The values related to water-
entry effects were then computed.

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

C AU 2dt (1)m. -U(;4; ) =ot B dFt -Me' 2 f' Cds A

dii dmnd m M) - U dm C AU2  (2)
d' Tt 2 dm os

Substituting U2 dm or the second term of E-uation (2) and
rearranging terrorgives:

dU (M+m) - B + dm = -0 + CA (3)

if the total drag coefficient is defined as

2 dm (C~d = 6A 3S- + ds()

then Eauation (3) may be rewritten as

dt (M+m) - B + Mg =20 Cd AU2  (5)

The value of added mass (m) and - can e calculated using
Equation (3) and the total drag cefficient Cd was computed
from Equation (4). 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 Equation (1), the added mass (m)
was also computed by integrating -. as given in Equation (4)
using the computed value of Cd.

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

M n ~kR.3 ok(tan t)3S3 (6)

Then

9



NOLTR 71-25

am (7)

= 3k (tan S2

Substituting (7) into (3) yields

dtdU(M+m) - B + g= (3ok(tan e)3S2 + . CdsA)U 2  (8)

if the total mass constant (K) is defined as:

Kk+ds (tanyI (9)

then (8) can be rewritten as
dU 0,3 S2U2

dU (M+m) - B + Mg = 3PK(tan 2U (10)
dt

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

it should be noted that the total mass constant (K) is also
a drag coefficient related to the area intersected by the original
water surface. The relationship between the mass constant (K) and
the total drag coefficient Cd is obtained by subtracting Equation
(5) from Eauation (10) and dividing out P and U2 :

C =K(tan 0 3 2 -( A1

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

C = (6K tan e) ) (12)
i2

It was expected that K, and hence Cdi, would be a constant during A
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 percentof the depth, at which the maximum total drag coefficientV' (Cd)

occurred. The exclusion of the first 20 percent eliminaoted most
of the points with high relative reading errors and the last 10
percent was not used because of an observed "rolling off" as the
point of separation approached.

It is seen from Equation (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 sloDe was then recorded, as was the sum of the
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 occurred 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 h was computed by dividing the
comDuted 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 CONCLUSIONS

Perhaps the most important result of the entire test seriesis proof that the total added mass constant K is indeed constant

as the cone is wetted. A constant K implies from Equation (12)
a constant instantaneous drag coefficicnt Cdi, and from Equation
(9) a constant added mass constant (m). After the perturbation
in distance, the average measured point was within 3.6 percent
(root mean square) of a constant value. Also, a comparison of I
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 Cd. are constants over
the range of depths used in the least squar6 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 - - - .54
1 30 1895 .1467 .28

2 45 1662 .1295 .58

3 20 1902 -.0927 .23

4 9o 1695 -.0844 .4o

5 120 1997 .0822 .25

30 1888 -.0754 .40

7 140 2024 -.0735 .56

12
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Table 2 (Cont.)

Cone Difference Aggregate
Rank Angle Shot No. (inch) Error

8 140 201405 .0714 .43

9-14 - 6 pts .o6-.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 is the determination of total drag coefficient (Cd) for
most cone angles. To be of maximum utility, Cd should be
independent with respect to velocity, size, and weight. Tn
order to investigate the velocity dependence, all reported values
of Cd (Appendix C) were normalized and a least square fit to
Cd = A+BUo performed. This calculation resulted in Cd = 1.008 -
.00012Uo, The results should be useful in sizes below and above
those tested because of similitude. The author could see no
systematic effect on C due to varying weights. As seen in
Table 3, the drag coefficient 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 Odd Wt Cd
Angle Weight Weight Av Wt Cd

140 1900 (6) 251 (3) .971

120 1700 (26) 128 '4 .954
287 (2) .949

90 1600 (17) 150 3) .992
284 2 1.011

9489 4 1.018
6o 1800 (8) (5) .985

45 1900 (10) (4) 1.057

20 2200 (9) 295 (1) .935

No odd 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 fine
cones are shown in Figure 10 as is the effect of assuming a
friction drag coefficient (C.) of .0031. It is seen that the 4
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 Cd, see
Figure 7.

In general, for each cone angle, C, k , K, and m did not seem
to vary with velocity or mass of the model 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
shown in Figire 11. As shown in Figure 5, the final results
regarding added mass are strongly dependent on the assumptions
made concerning Cds. Changes 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 not 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 = (13)

and

m = ok(S) 3  r4)

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 to
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. Tjis is shown graphically in Figure 5.
The values of added mass for points near and after Cd for many
tests are given in Appendix C. The added mass is sho xcver the
entire range of depth for three tests in Figure 13. These results
are in qualitative arreement 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 0.
It is believed that 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 of the model entering the water in addition to the
required above-water information. A study of these splash
pictures and associated acceleration traces leads to the conclusion
that the maximum deceleration occurs as soon as the base area

f17
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bears uron solid water for the blunter cones and somewhat later
for the slender cones. The data from shots 1847 and 1687 included
in ADppendix A were "ong those used to reach this conclusion.

APPLICATION OF RESULTS

The Dractical aDDlication of these results will yield the
pr-edicLio -)f the axial forces experienced by conical bodies
during vertical water entry. In computing these forces, Equation
(15) may be ased:

'U (M+m) - B + 'g = 2 Cd(S)AbU 2  (15)

or in another form:

dU B-Mg (
dS U = Cd (S)AbU (16)

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

- TT

Mg + fP dA= 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 (Cd(S))-
Due to the shape of these functions, it is necessary to de ermine
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

= 0kS3  (18)

S 2
Cd(S) = (Cd (T)2) (19)

For depths greater than Lh, these functions are given by

m = pk(Lh)3 + S _ (Cds - Cd)s (20)

A (21)
CdS) =((Cd ) - Cds) 1.3- + Cds

max

where

(SLh 2 (22)
A exp[- + "3+11 (7) 1 (22)

Cd(S) in this case is a curve fit to the data. The values of
Cdmax and Cds used in Equations (19), (20), and (21) should include

21
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the effect of skin frigtion. For example if the Reynolds
number is about 6 x 100, 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 = (tan 8) 2S3 (23)3

and for greater depths (S>L)

B = pgrR(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 pea value. The only remaining unknowns in Equation (16)
are U and which can be solved for by various numerical methods.
One of the timplest assumes that the velocity U is U0 for the
first try, and U (from a preceding try) for each succeedng -

iteration. When U is determined, then the acceleration - may be
solved for directly using Equation (5). A simple comput~i 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 Cds be confirmed: buoyancy,
by very large models; and Cds, by a method suggested in reference
10, by testing two geometrically similar models of differing mass,
and solving simultaneously for Cds and m using Equation (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.

22
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APPENDIX A

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

A-1
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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 cone 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.

B-1
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APPENDIX C

In this appendix are numerical values 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 in m = Pk(S/h)3

surface heave - cone length minus computer depth

residuals - sum of the sjuare of the residuals resulting from
the least square fit of mass constant (total). The
number in parentheses is the number of data points used
in the least siuare 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 Cd delegated to skin friction

Cd - Cd(f)
Cd ratio, Cd1Cd

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 appoint a shot number
relating to 1.5-inch diameter.

C-1
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APPENDIX D

This computer program written in BASIC provides the numerizal
solution to the force eauation associated with the w'ater entiy 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. If desired, Cdwax, Cds and h may be easily computed
internally from polynomial eaquations in 9. The various sections
of the program perform the function as follows:

SUB 500 - r-eads in data and establishes the depth stations

SUB 700 - computes buoyancy and total drag coefficient for
each depth station

SUB 900 - computes added mass for each depth station

orJB 1000 - computes dU/dS based upon previous velocity and
integrates to obtain new velocity. The interaction
process is stoDDed when Ai 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 coefficient (Cds); added
mass constant (k); and total cone angle (0) 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.

D-1
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NOT REPRODUCIBLE

CON N CLL = 9u.

b~l-w~ IN Fl = 25e
1r1hl IN Lbh = 5

Fl F1 /!S.LF / ,- C

6. 66744c:-3 99.9935 5.23554-E-3
I.33349E-2 99.9936 -31 .9394 2.U9S422-E-2

2.000236-2 99.945 -112.083 .0471:

2. 6669 8 .-2  99.969 -2 2 4. 2:05 b.3,f 6 9 -

3.33372E-2 99.9449 -36.lb9 .130bb9

5.33395-2 99.8U03 -9b. 9 64 .3350 76

(.0u0(9E-2 99.7209 -1257.53 .42408

6.(6744L- 2 99.6225 -1553.95 .523556

7.3341 8 r- 2  99.5031 -1883.44 .633502

b.U0093-,:-2 99.3606 -2239.01 .75392
b. 667677-2 99.1931 -26"1.53 .bb4509

9.33441E-2 9b.99b7 -3029-66 1.2617

.100012 98.7756 -3461.b9 1.17b

.106679 98.55(7 -2:90.91 .9909b1

.113346 98. 3699 -2499.75 .862f-3U :

.120014 9b.2053 -2229.25 .773154

.126681 98.0561 -2040.13 .710956

.133349 97.9176 -1906. 14 .667055

.140016 97.7668 -1809.7 .63569

.146684 97.6616 -1736.9b .612942

o153351 97.5404 -1685.99 .59614b

. 160019 97.4223 -1645.33 .5b3499

.166686 97-3066 -1613.33 o573763
o173353 97.1928 -15b7-47 .5(6095
• 1b0021 9 7-0804 -156C- 03 .559916

18668b 96.9693 -1547.b4 .554b23

o193356 96.593 -1532.07 .55053b
o 2?'6693 96o3203 -1474.04 .536045

.26003 95.7959 -1433.52 .527266

.326704 94.7747 -1374.86 .51f653

D-2
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HOT REPRODUCIBLE

(ONE /NL 0

L-lh INLb lb

iI-ILI %ir-L C C
FI F/l/rL?2

0 100 3.
4-bOOS £E-2 9S,99369 -19b.405 :5 3 5566- 3
9.EI1I1IE-2 99.64.55 -bb3..4U7Le-(942fE2
.144017 98.9193 -19b9.07 .0471Le
.192W12 97.5(,14 -3433.--t b.37(b9E-2:

if 4UU2 95.4101 -5074.05 .l--obb9
-2b0333 92.35b4 -(717-L7 .lbb4b
.336039 bb.372 -blt4.-97 .2L5 65 4*
.3b4044 b3.49b6 -9163-1b .335U7(6
.43L05 77.bCS9 -964f. 34 .4240b
.4805 f. 71.6659 -9 566.5 .5'e S 355C
.52bO61 65.1291 -b991.b6 .633S02
.576067 5b.4947 -bU57.(64 .753592
. 2 4 7 2 51. 9b~zb -(924.(9 .bb4bU9
.67L207b 45.7747 - 741 -21 1.02-(6l7
.7200b3 4U. U023' -4C19. u4 1.17b
.7(6b~b9 3532 -b1ul .990 ibl
.bl6u94 31.9717 -14.- .b 623u?

8.(.41 ;-9. 3999 -1433-.97 7 73 1b 4
.9 1 IU( 27. 324-1 -1121.64 .71 U9r56
.96.0111es 25559 -91(.373 .at7u)5
1.00b12 '4. U91 -773.b59 .6(3 569,
1.05612 '27bU7 - 67U. 41C -C129 4?
1.10413 21.617 -:592. 59b -h96 I4b
1.15213 2t0.5744 -3.393 . 5bZ499
I .2001' 1 9.t35;-. -4b4.blb .57--76'3
I1.2 481 4 1 b -7b (. - 446. 651 .566U95
I1.el-96(15 lb-u197 - 415. 7;-'f -5-5 9 SI .
1.34416 17. W565 -39U0.544 - .-5 4b 23
I1.351 16.7u15 -370.011 .5 tu53b
I 13?19 1 4. 42 1 - 313. 53 -. ji;o45
I1.8b722 2 13. 31 3b -304.178, .512726

'352L-7 13. 1 (b7 -345.665 .51 6i-53
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1.0 liIM S I 100 1 , -( 1O(O)1, V ( 100),1 1010)1,Al 100 ),,( 100)
I5 DIM C(i100)
20 REM C1=MAAUIM DkAG, C2= STEADY STArE DRAG, KI=ADDED MASS
22 REM CONSTANT, A4=CONE ANGLE , D2=DIAMETER (PT)
2 4 R EM H=PENAT.,ATION kATIO, W1=WEIGrHT
100 Go sui3 500
110 GO SLU 700
119 GO SU6 900
120 GO SJ;- 1000
125 GO S'J3 1200
130 G3 SUB1500
500 READ CI,C2,K1,A4
50-3 rEAD DiW
507 i EAO )
510 LET V2=0
515 LET V3=0
520 LET S(1)=0
545 LET A4=Ak/C2*57.3)
550 LET A5=.5*O2/T~iVCA4)
554 LET A6=A5.-i
556 LET 01=A6/15
55-3 FO-< K=2 TO 30
560 LET S(K)=SCK-1)+DI
56? ~~
565 LEI SC31)=S(30)+5ikD1
570 LE:T S(32)=S(30)+10*!D!
575 LET S ( 33) = S(30) +20 D I
5-! 0 R'--T lJr N
700 LET !3(1)=0
7.05 LEI C()=0
710 FOR K1l TO 33 I
715 LET B.(K)=62.4(31416/3)-S(K)?3*(TANCA4))?2
720 IF S(K)<A5 GO TO 730
72 SLET 3(r)=62.4A(C3.1416/4')*D2t2*CS(K)-(2/3)*A5)
730 NEAT K
735 FO' K=1 TO 16
740 LET C(K)=C1*S(K)?2/A6t2
745 NEXT K
750 LET R=.5*D2
755 FOq K=17 TO ?3
76? LE-:T C4=.661*((SCX)-S(16))/S(16))
765 LET A9=.3/(1+(S(K)-SC16))/C.5*D2))t2+EXP(-9*C4)
770 LET CCIO=(Cl-%C2)*C1/1.3)*A9+C2
780 '.EXT K
7135 F'OR K< = I TO 33
797 LET VCK)=Vl
769 ')EXT K
790 r~T URN
900 LET M~J)=0
910 FOR K=1 TO 16
920 LET M(K)=C62.4/32.2)*KI*S(K)73
930 NE-X T K
940 ;'OR K=17 TO 33
145 LET P=SCK)-S(K-1)
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