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PARAMETRIC REENTRY STUDY OF ELLIPTIC
EARTH ORBITS WITH APOGEES UP TQ 10 000 NAUTICAL MILES
By William R. Pruett

SUMMARY AND INTRODUCTION®

Thig document is presented as an extension of several similar
internal notes which have been published as an aid in general
mission planning (ref. I through 5). Since these earlier internal
notes consider only circular and low ellipbic orbits, it was
thought desirable to publish a simlilar study on high elliptic orbits.
Therefore, this document considers elliptic orbits with perigees up
to 200 n. mi. and apogees up to 10 000 n, mi. For each orbit
considered, various retrofire AV's were used every 10° in true
anomaly from 0° to 360°. Also, retrograde pitch angles of 0°, 10°,
200, 30°, 40°, and 30° were used for each AV.

MATHEMATICAL MODEL

Keplerian equations, a spherical robating earth, and instantaneous
velocity changes were used in this study. The Keplerian solutions
were obtained from a general elliptical orbit and reentry program,
EO42. A reentry albitude of 400 000 £t and a circular earth with
a radius of 20 907 bh7 #t were used. Beta angles are measured
positive clockwise from the local horizontal as indicated in the
figure below.




DISCUSSION OF RESULTS

The results of the study are presented in 43 figures of inertial
velocity at 400 000 £+, inertial flight-path angle at 400 000 ft, time
from retrofire to LOO 000 £t, and central angle of travel (orbit
rvefervenced) from retrofire to LOO 000 ft. All of these parameters are
plotted as a function of true anomaly of retrofire. The various pitch
angle curves are found on each plot. A complete set of figures is
provided for each orbit and AV considered.

It should be noted that for the orbits with apogees less than
1000 n. mi., AV's of from 100 fps to T00 fps were used, vhile AV's
from 100 fps to 2100 fps were used for the orbits with apogees from
2000 n, mi. to 10 Q00 n, mi. This was done in order to pregsent The
most valusble picture of reentries throughout the entire orbit without
using unvealistic AV's for the orbit being considered. However, for
the higher apogees, AV's of 2100 fps were still not sufficient to
reenter from the perigee reglion. Therefore, figures 43 (a) throush (e)
were prepared to indicate the AV's needed in this region.

The figures present the minimum AV needed at perigee to achieve a
veentry. There is a figure for each perigee altitude considered in
the document, and the apogee albtitudes are used as the parameter which
AV is plotted asgainst. Thus, for any of the orbits in this document,
one may determine the minimum AV needed at perigee to reenter. Naturally,
these reentries would have flight-path angles near 0% at 40O 000 ft,
and the AV needed to achieve such a reentry would be the minimum AV
needed to be assured of reemtry capability from anywhere in the orbit.
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Inerttal flight=path angle at 400 000 feet, ¥;. deg
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Figure 8.- Reentry paraméters as a finction of true anomaly of retrofire from various pitch angles for 80/6000 nantical males orbit
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Inertial fiight-path angle at 400 000 feet, Y., dey
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Inertial Flight-path angle at 400 000 feet, Ty deg
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Inestlal Flight-path angle at 400 000 feet, y,, deg
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Iertlal fllght=path angle at 400 000 feet, Ty deg
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Inertlal flight-path angle at 400 QOO fect, y,r deg
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" Inesttal fllght-path angle at 400 000 feet, Tie deg
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{k} Flight-path angle and velocity for retrograde AV = 2100 feet per second,
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Inertral flight-path angle at 400 000 feet, Yy deg
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Flgure 42.= Reentry parameters as a function of true anomaly of retrofire from various pstch angles for 2 200/10 000 nautical mile orbit.
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Figure 42,= Continued.
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Time from retrofire to 400 000 feet, At, min
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Time from retrefire to 400 QOO0 feet, At, men
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Inestial flight-path angle at 400 000 feet, Tir deg
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Flgure 42.= Concluded.
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Retrofire AV, fps

7000

6000

5000 £

4000

3000

2000

1000

av

1000 2000 2000 4000 5000 6000 7000 8000 ‘ 2000
Apogee altitude, h o 1 mi.

.

(d). Pertgee altitude = 150 nautical miles.

Figure 43.- Cnntinuéd.

£ge



384

[N (R S

e, ——t —| —]

=

LA s

A gt b
ARl
et fpnlmp il

=t

et AU

T

St

=

4

.

= gm | =g

de.,

| 5009 '
th

Tt

1

{
L
|
i

oggl:

(=T 9

Y . IR

)
g
{
]

= .3
- '.Uu -
=3
il
=
T
(]
nh-
o 1
- Laa
= -
= =
= e
~t w... .
@ =
=

T

SR =S R, | S
o

—_—t e -
Qr

{ek P

[
o™




385

REFERENGES

Suler, Frank J.: General Parametric Reentry Study for Near
Earth Orbits. MSC Internal Note No. 65-~FM-45, April 29, 1965..

Pruett, William R,: General Paramefric Reentry Study for Cir-
cular Earth Orbits up to 20 000 Wantical Miles. MSC Internal
Note No. 66-FM-47, May 20, 1966. -

Pruett, William R.: A Parametric Study of Central Angle of
Travel and Time for Reentry From Near Earth Orbits. MSC
Internal Note No. 66-FM-79, August 12, 1966. ,

Pruett, William R.: A Parametric Study of Central Angle of
‘Travel and Time for Reentry From Near-Earth Circular Orbits.
M5C Internal Note No, 66-FM-126, October 31, 1966.

Pruett, William R.: General Parametric Reentry Study for
Several Synchronous Earth Orbits. MSC Internal Note No. 67-FM-15,
February 3, 1967.



