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able correlation for supersonic conditions is obtained utilizing
expression (2) for the two nozzle shapes studied.
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Integrated Solar Pressure for a
Transparent Balloon Satellite

Francis E. Bamrp*
The Boeing Company, Sealtle, Wash.

BALLOON satellite is subject to an orbit perturbing force
due to solar radiation pressure which is greater than the
atmospheric drag force for medium- and high-altitude orbits.
To minimize this perturbation, certain space experiments
may require a transparent balloon that allows most of the
solar radiation to pass through it. A method for calculating
this force exerted on a transparent balloon satellite in terms
of the index of refraction is given below. This method ac-
counts for multiple reflections at the surface of the balloon
satellite. Results of calculation are presented at the end of
this paper.

Figure 1 shows the passage of a light ray through a balloon.
Part of the ray is reflected at each interface and exerts a force
that has a component parallel to the incident ray. This
component, integrated over the surface, is the perturbing
force. At each of the points A, B, C, ete. of Fig. 1, the ray
breaks up into an infinite number of transmitted and reflected
rays as shown by Fig. 2. The fraction reflected at the first
surface is a function of the incidence angle ¢ between the ray
and the normal to the surface and is given by?!

. 1[§in2(i — 8 tan%*(7 — t)}
T 2lsinzt + &) ' tan2@ 4+ 0§
where 7 is the fraction reflected, ¢ the incidence angle between

ray and normal, and ¢ is the transmittance angle between ray
and normal.

M

The incidence angle 7 is related to the transmittance angle
t by Snell’s law:

sing = n sing

where 7 is the refractive index of the balloon material.

Received August 26, 1964.
* Research Engineer, Aerospace Division.

TECHNICAL NOTES 531

Balloon
Transmitted ¥ ¥ A Incident
Ll . -
ray i ray
b7

Fig.1 Path of a light ray through a transparent spherical
balloon satellite.

Since both the incident and reflected rays exert a component
in the direction of the incident ray,? it is evident from the
geometry of Fig. 2 that at each of the points a through d we
have:

At point a:

Fraction reflected: r
Fraction transmitted: 1 — r
Component parallel to incident ray: r (1 4+ cos2¢)

At point b:

Fraction reflected: r(1 — 7)

Fraction transmitted: (1 — r)2

Component parallel to incident ray: (1 — 7)[cos(z — ¢) +
cos(t + )]

At point ¢:

Fraction reflected: r%(1 — r)

Fraction transmitted: r(1 — r)2

Component parallel to incident ray: —r2(1 — r)[cos(f —
D) + cos(@ + t)]

At point d:

Fraction reflected: r3(1 — r)

Fraction transmitted: 72(1 — r)2

Component parallel to incident ray: »3(1 — 7)[cos(i —

) + cos(z + 8]
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Fig. 2 Gemoetry of muliiple reflection for a single in-
cident ray.



532 ATAA JOURNAL

.20

Mylar
015

Cp sinicos i di

IS0 0.10

F =
b
)

2y

0.05 [

0 L L L L L 1 1
10 110 120 1.30 140 150 L 60 L70
INDEX OF REFRACTION

Fig. 3 Integral from Eq. (6) plotted against index of
refraction.

Summation of the fractions gives: the amount reflected (R),

E=r+4+(1 —r)z(r+r3+r5+ ced)
—9 n_ @
=22 Z (=)= T35 + .
the amount transmitted (T),
T = (1—7)2(1+7'2+r4+rﬁ+...)
- - pm T &)
= —142 2( = 1+r
and the component parallel to incident ray (C),
C = r(l + cos2) + [eos(@ — &) + cosz + A — r)(r —
r2 3 —rtd )
= 2r cos 4+ 2 cosi cost r(l — r) Z (—r)n )

= 2r cost (cost + [(1 — )/(1 4 )] cost)

At point B of Fig. 1 the angles of incidence and transmit-
tance are the same as at point A if the balloon is spherical, but
the amount of light is smaller and equal to that transmitted
through point A. The component parallel to the incident
ray is CT. At point C, the incident light is that reflected
from point B and its component parallel to the original inei-
dent ray at point A is —CTR cos2i. Similar reasoning at
subsequent points yields the following:

Cg=C-+ CT (1 — R cos2t + R?cosdi — R3cosbi + ...)

®)

where Cp is the total reflected component from a ray incident
at point 4 of Fig. 1.

If the ray striking point A is considered to be a pencil of
rays of cross-sectional area dA cost striking an area d4 on the
balloon, the total force on the balloon F in the direction of the
incident ray is

Ky 2
F = 2qrP fo / Crsing cost d ¢ (6)

where P is the solar pressure 9.40 X 1078 1b/ft2, and r is the
radius of the balloon satellite. This is the final equation.
Figure 3 shows the integral plotted against the index of re-
fraction for a range of refractive indices covering most trans-
parent plastics.
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Correlation of Two-Dimensional and
Axisymmetric Boundary-Layer Flows for
Purely Viscous Non-Newtonian Fluids

Nistrr Havasr*
NASA Ames Research Center, Moffett Field, Caldf.

OR steady flows in Newtonian fluids, Mangler,! Stepanov,?
and Hatanaka? independently showed that the equations
for the axisymmetric laminar boundary layer can be reduced
to the equations for the two-dimensional laminar boundary
layer by the transformations
1 dr

= j:)x r¥(z)dx

r(x) = 7)—{——207 Ju

¥ =r@y
€8]

where z is the distance along the wall from the forward stagna-
tion point, y is the distance from the wall, » and v are
components of the velocity in the directions of x and y, re-
spectively, and r is the distance from the axis to the wall.

The purpose of the present note is to show that, for steady
flows in purely viscous non-Newtonian fluids, the equations
for the axisymmetric laminar boundary layer also can be re-
duced to those for the two-dimensional laminar boundary
layer by generalized transformations.

The equations for the steady axisymmetric boundary layer
for purely viscous incompressible non-Newtonian fluids can
be written as

(0/0)(ru) + (0/y)(rv) = 0 )

[ ou ou\ O7ys
p(ubx+vay>~— + 2 3)

where p is the density, p the pressure, and 7. is the shear
stress in the z direction because of the velocity gradient in the
y direction. From Bernoulli’s theorem, we have

— (1/p)(dp/dz) = U(dU/dx) (4)

It has been shown by Schowalter* that, for two-dimensional
flows, shear stress can be expressed as

bu "1 0u
“lyl oy
where a and n are constants, provided that the Ostwald-de
Waele (power-law) model is chosen. It can be shown easily

that this equation is also valid for axisymmetric flows. Put-
ting Eqs. (4) and (5) into Eq. (3), we have

ou du u*~1 du
u— +Ub7/ U—+ by{by by} (6)

(n>0) ®)

Tyz =

where v = a/p.
After the transformations

x
ﬁ) o

y=ry
7
e ™
r2 dx
Eqs. (2) and (6) are reduced to

du/d% + d5/d7 = 0 8
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