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short times are low (<150°F), and little difference is seen
between a 1% and a 2% error curve. For 6 > 0.03 sec,
2d — 0.01 in. is appropriate. For the intermediate range,
0.001 < 6 < 0.03 sec, either a 0.001-in. node can be used at
an error between 1% and 2% (^5°Fj, or a node thickness
between 0.001 and 0.01 in. can be used to hold the error
near 2%. For 6 > 5 sec, a O.l-in.-node thickness is
appropriate.

Conclusions

Transient surface temperatures Tw for a flat plate can
be calculated by an analytical method within chosen confi-
dence limits, provided that a sufficient number of eigenvalues
n are taken; correlations of NBi/NFo vs 6 are presented
to aid in the selection of the minimum n. A numerical
method is useful for the more complex problems (variable
material properties and boundary conditions) encountered
in practice; correlations for predicting the correct node
thickness to give an accurate Tw for a desired 6 by this ap-
proach are based on Nst 6/Npo, h/ka, and h/ka.2 for the
large, short, and very short times, respectively.
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Theoretical vs Actual Nike-Apache
Sounding Rocket Performance

D. W. DEMBROW* AND L. B. JAMIESON|
NASA Goddard Space Flight Center, Greenbelt, Md.

THE Nike-Apache vehicle (see Fig. 1) is a two-stage
unguided sounding rocket, which has been recently

added to the NASA family of sounding rockets. It is
described in detail in Refs. 1 and 2. Nike-Apache, NASA
No. 14.108 GI, was fired at Wallops Island, Virginia, on
March 9, 1963. The vehicle was equipped with telemetry
turnstile antennas and carried a 76-lb payload. The launcher

34"
•* —— ̂

NOSE
CONE

80"
-^ — »»

Z
Q LU

.<£

U

107"
•* ———————————— *>

APACHE MOTOR

154"
^ —————————————— ̂ .

NIKE BOOSTER

m

d = 6.5"

(LENGTHS TO NEAREST INLH)

Fig. 1 Nike Apache.
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Fig. 3 vs Mach number, Apache with turnstile
antenna, burning, and coasting.
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Fig. 4 Nike-Apache (14.108) trajectory.

was set at 108° azimuth and 75.7° elevation to correct for
wind, the proposed launch angle being 80°.

The actual trajectory, as determined by smoothing meas-
urements from two separate radar plots, was compared with
theoretical trajectories computed for the Nike-Apache using
the given payload, weights, thrusts, and drag conditions.
This comparison indicates that the effective launch angle was
slightly more than 83°. Corrections were made for the dis-
tance between the radar sites but not for the distance from
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the radar sites to the launch site (about | mile). The theo-
retical trajectory was determined by extrapolation from a
series of computed trajectories having sea-level launch angles
ranging from 76° to 82° in 2° intervals to obtain the 83°
launch-angle equivalent. The theoretical trajectories were
based on the equations of motion applying zero-lift, no-wind
conditions for a spherical, nonrotating earth (i.e., weight,
thrust, and drag). A program applying an n-stage two-
dimensional point mass method was used on an IBM 7094
computer. The following conditions applied.

Phase 1: Nike boost (from sea level), 3.5 sec
Gross launch weight, 1611.5 Ib
Constant mass flow rate and thrust
Drag during burning (see Fig. 2)
Separation at end of Nike burning

Phase 2: Apache coasting, 16.5 sec
Drag during coast phase (see Fig. 3)

Phase 3: Apache burning, 6.4 sec
Weight at second-stage ignition, 293.5 Ib
Variable thrust, about 5000 Ib
Drag during burning (see Fig. 3)

Phase 4' Apache coasting
Drag, same as phase 2
Atmospheric limit, 400,000 ft ARDC 1959

The results are shown in Fig. 4. It can be seen that the
actual and theoretical trajectories disagree slightly. The
peak altitude of the theoretical trajectory is higher than the
actual by about 3| miles in about 100 miles. The results of
other investigators who have computed theoretical trajector-
ies for the Nike-Apache sounding rocket and their predicted
altitudes are also shown in Fig. 4. The results from Ref. 1
would have predicted about 9 miles higher than the actual
peak altitude. The results estimated from Ref. 2 (when
adjusted for the additional drag of turnstile antennas) would
be about 20 miles higher than the actual peak altitude.
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Technical Comments.
Hydrodynamic Impact of Conical-Nosed

Vehicles during Vertical Water Entry

GEORGE STOFFMACHER*
Douglas Aircraft Company, Santa Monica, Calif.

IT is stated in Ref. 1 of the present comment that "because
of their short durations, the impact loadings experienced

by a vehicle during water entry will have little effect on the
sub-surface trajectory." Upon assuming also that during the
downward plunge the vehicle will be balanced on its nose in-
side the cavity and will continue along a vertical path, the
authors present an equation of motion for the vehicle for zero
cavitation number as follows :

where W, pw, g, CD, A, h, and t are, respectively, the weight,
fluid density, acceleration of gravity, f orebody drag coefficient,
instantaneous cross-sectional area at the surface, depth of
penetration below surface, and the time to penetrate a depth
h. Then, upon integration of Eq. (1), they are able to arrive
at a conservative estimate of the maximum depth to which
the vehicle will travel.

If, however, one is interested in calculating the actual maxi-
mum|force acting on the vehicle and its variation with time,
one should not use the solution of Eq. (1). This solution will
yield unconservative results, since the effect of impact has
been neglected in the derivation of the equation of motion.
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This does not affect the total depth of penetration consider-
ably, however, since only at instants in the neighborhood of
t = 0 does the component of force due to impact dominate.
However, since here it is desired to calculate the maximum
force and its time history, this effect must be included.

This impact effect manifests itself in a so-called "virtual"
mass of liquid which must be present as a consequence of the
conservation of momentum. Reformulating Eq. (1) to in-
clude this effect leads to the following equation:

w ^ pwCDA(dh\* d d ( dh\W — pwAh — -——— I — ) = T (mv) =~r ( wi T" IH 2g \dtj d t ^ J dt\ dt JT. (2)

where m = (Mo + M), and M is the induced virtual mass
and MQ is the original mass of the vehicle.

In the paper by Shiffman and Spencer,2 an expression for
the virtual mass M of the fluid is derived to be

M = k(pw/g)h* tan3/? (3)

where k is the dimensionless "virtual mass" of the fluid and is
a function of the semi-vertex angle ft of the cone (see graph 1,
Ref. 2). This is done by taking as a first approximation the

Table 1 Maximum force (number of g's)

1
Semi-
vertex
cone

angle,
deg

70
80
82.5
85

2

Stoff-
macher

389
824

1105
1710

3

Shiffman
&

Spencer

384
838

1138
1735

4

Watanabe
(experi-
ments)

402
828

1145
1720

5

A

160
257
330
409

6

B
35.8
33.4
32.7
32.1


