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similar to that used by Punga. Using the Nomenclature of
Punga, the following velocities can be written:

(7)

Table 1 Energy levels for N+ ion

dt dt

dt = ——- + co Xdt

ve = dt co X rN

dt
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v (°)

where ve<°> is the velocity of the escaping gases relative to the
reference systems fixed in the body. Using these relations,
Eq. (6) will reduce to

F = M dV*
dt dt*

dt dt
The last two terms of Eq. (8) are usually labeled as the reac-
tive force since they are functions of mass ejection. Now if
we call the reactive force K, then Eq. (8) reduces to

F + K - M(dV*/dt) (9)
which is the usual form of the rocket equation. Examining
Eq. (8), the motion of the center of mass cannot be separated
from the reactive force.

There are a few printing errors that crept into Punga's
paper, which do not affect the final equation derived.
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Spectroscopic Constants for the N+ Ion

M. S. WECKER*
General Applied Science Laboratories, Inc.,

Wesfbury, N. Y.

THE purpose of this note is to point out an error in Ref. 1.
Stupochenko, et al., in their Table 1, list incorrect spec-

troscopic data for the ion N+. The authors cite Ref. 2 as the
source of their data, and their error stems from the fact that
they transcribed Moore's data for N++ (NIII) rather than
that for N+(Nil) .

The data in Table 1, from Ref. 2, should be substituted for
that in Ref. 1. As an example of the magnitude of error in-
volved in using Ref. 1 rather than Ref. 2, we compute the
partition function of N + at several temperatures (see Table 2).
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Table 2 N+ partition function

T(°K) Ref. 1 Ref. 2

1,000
6,000
12,000

5.11
5.84
5.92

7.94
8.93
9.72
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Viscous Flow Properties on Slender
Cones

R. A. PETER,* M. D. HiGHf, AND E. F.
University of Oklahoma, Norman, Okla.

Nomenclature
Mach number
static pressure
Reynolds number
temperature
velocity
(MJ - I)0-5

boundary-layer displacement thickness
= ratio of specific heats
= semivertex angle
= Prandtl number

M
P
Re
T
U

5* =

Subscripts
1 = freestream conditions
2 = condition at outer edge of boundary layer
c = inviscid conical flow value
w = wall
x = distance from vertex along cone surface

THE use of a similarity parameter has been employed by
several authors to predict the inviscid flow properties for

supersonic and hypersonic flow over cones, Linnell and
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Fig. 1 Pressure ratio on a 5° half-angle cone.

Bailey1 used the similarity concept to obtain the following ex-
' pression for the pressure ratio at zero angle of attack,

PC/Pi = 1 + (7^/2X4 sin26>c)(2.5 +
8/3 sin0c)/(l + 16/3 sin(9c) (1)

Blick2 has given expressions for temperature, velocity, and
Mach number for cones using the parameter MI sin#c. They
are,

Tc/Tl = [1 + 0.35 (M1

and, for Ml sin#c > 1.0,

for Ml sin6>c < 1.0 (2a)

Tc/Tl =

MC/M1 =

exp(-l - 1.52 Ml sin0c)][l

c [I - sin0c/Mi]0-5

(2b)

(3)

(4)

To calculate the induced pressure on a cone due to the
thickening of the boundary layer, one could use the method of
Talbot3 which involves an iteration on the flow variables at
the edge of the boundary layer. Peter,4 utilizing Eqs. (1-4)
in a computer program based on Talbot's method, was able to
obtain expressions for the boundary-layer displacement thick-
ness gradient dd*/dx and the induced pressure on cones at
zero angle of attack. His results are plotted in Fig. 1 vs the
experimental data of King.5

By using Eqs. (1-4) and Talbot's3 equation for boundary-
layer displacement thickness,

(d*/x) = (Z
[(7(7 -

[1.0 + (71/3 (TW/T, - TAW/T,)}} (5)

it is possible to obtain a semiempirical equation for dd*/dx
based on freestream properties and wall temperatures only.
[Note that Eq. (5) is a function of properties at the edge of
the boundary layer and hence are unknown at the start of an
iterative solution.] This direct equation is

d8*/dx = X

(6)

Eq. (6) includes the transverse curvature effect of Hill6 and
is valid for a Prandtl number of 0.725.

The viscous solution for flow properties over slender cones
can be obtained quickly by simply substituting 02 for 8C
in the inviscid equations [Eqs. (1-4)], where

and where dd*/dx is obtained from Eq. (6). This means that
the useful Linnell-Bailey equation [Eq. (1)] can be applied
in either the viscous or in viscous regime.

Studies made over a Mach number range of 3-20, a Rey-
nolds number range of 103-106, and wall temperature range of
1-9 showed that this simplified method gave pressure errors
of less than 6% when compared with the lengthy iterative
solutions.

A further comparison was made with the experimental
data of King.5 The results shown in Fig. 1 indicate that the
simplified method (labeled the viscous Linnell and Bailey
curve) falls within 3% of the experimental data.
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Reply to A. P. Cappelli

ROBERT E. LAVENDER*
NASA George C. Marshall Space Flight Center,

Huntsville, Ala.

Nomenclature

= landing gear diameter
= radius of gyration about center of gravity
= effective spring constant per leg parallel to the vehicle's

longitudinal axis
= overturning radius (0.5D cos45° for 2-2 impact)
= original height of center of gravity

deceleration load factor based on earth gravity for
landing on level surface with all legs crushing simul-
taneously

number of legs
vertical velocity
horizontal velocity
earth weight of vehicle
lunar slope, negative for downhill landing
vehicle attitude and attitude rate, positive nose up
coefficient of friction

/"^APPELLI1 questions the discontinuity in the stability
V>< profile shown by the writer2 since he has never observed
any such discontinuity. There are basically two reasons for
this. First, the stability profile is usually determined with a
degree of accuracy (or rather lack of accuracy) as demon-
strated by Cappelli in his Fig. I.1 There could very easily be
a discontinuity in his profile of Fig. 1 at a vertical velocity of
8 fps, for example, without discovering it, since no analytical
results were obtained at this velocity. In fact, even if re-
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