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1.0 INTRODUCTION

This paper presents results of a general parametric reentry study. Results

are given in the form of inertial velocity and flight-path angle at
400,000 feet. For various elliptical parking orbits, the parameters
varied were retrograde velocity change (&), retrograde pitch angle and
true anomaly. For circular orbits, AV and pitch angle were varied.
Reference is made to existing data that can easily be used to convert
the given 400,000 feet reentry conditions to other reference altitudes.
In addition, important parking orbit parameters are given as a function
of insertion conditions.

2.0 DISCUSSION AND RESULTS

Keplerian equations, a spherical earth, and the assumption of an
instantaneous retro velocity change were assumed. To minimize the
differences when comparing with integrated results the integrated 4V
should be taken as in plane along the local longitudinal body axis.

The pitch angle (P) of the body axis should be with respect to the local
horizontal. The true anomaly () of the impulsive AV should coincide
with the mid-burn position of the integrated burn, i. e., assume the

<V to be split-burn.

2.1 Method of calculation. - The Keplerian solution of position and
velocity in an elliptical orbit was obtained Ihrough use of a general
elliptical orbital and reentry program; EO42.~ The parking orbit is
defined with the initial input of either the apogee and perigee radii
or an initial radius, velocity, and flight-path angle (R, V, y).”

As true anomaly is varied, the Keplerian equations give time-in-orbit
and R, V, y. After an impulsive &V, the veloclty and flight-path angle

are calculated trigonometrically. These new conditions define the transfer

orbit which, in turn, allows velocity and flight-path angle for any
transfer orbit position to be calculated .

lSee reference 1, Good sources of elliptical expressions are the
Martin "Orbital Flight Handbook" (reference 2) and the Langley
"space notes."

2When the additional inputs of inclination, argument of perigee, and
longitude of the ascending node are used, the program gives orbital
and reentry conditions, time, and position with respect to a rotating
earth. '
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7\ _ Transfer
_ - orbit
Parking / R = 20 91k 200 ft;
orbit ©  radius at g = 27.5°
re = 21 314 200 ft
16 3 2
: o GM = 1.h077 (L077) ft-/sec
r i is parking orbit
12 Vo Yy 1S parxing V, = inertial velocity after AV
position where AV is applied. ) . ,
i er = inertial velocity at
Flight-path angles measured . 400 000 ft
with respect to local horizontal. vr = flight-path angle at
_ ©  Loo 000 ft |
01 = parking orbit true anomaly

of retrograde
AV = retrograde AV
2.3 Examples. - . grade

2.3.,1 Figures 1 and 2, elliptical orbit reentry. - Figure 1 shows
the effect on reentry conditions when varying the parameters 4AV,§ , and ©
for particular elliptical orbits. Refer to Figure 1 (a), for hp/ha =
80/100 nm. For a given &V and pitch angle, the effect of varying the
retrograde true anomaly, ©, is indicated by moving vertically on the
figure. Thus, for &V = 700 ft/sec and B = 00 the reentry flight-path
angle varies from -1,17° to -1.86° with a reentry velocity of about
25090 fps. This same information is given by Figure 2 (d).

Again using Figure 1 (a) for the 80/100 orbit:

a. What are the reentry V, vy ranges for AV = 500 fps and B = 0%
Range of 3 is from -.96° to -1.55°. |
Reentry velocity is about 25290 ft/sec.

b. What are the reentry conditions after apogee and perigee reentries
using a AV of 340 ft/sec applied at an angle of 2597
For ©= 00 Vi = 25480 £t/sec y; = =a79°
For €= 180° Vi = 25480 ft/sec y; = -1.22°

Figures 3 through 38 give similar information for other elliptical orbits.




Re3.2 Figure 39, circular orbit reentry. - Figure 39 gives circular
orblt reentry conditions for various retrograde attitudes. For example, P
what are the reentry conditions followino a 330 ft/sec retrograde from B
e 160 nm circular orbit for B = 20°2 How much will these conditions i
change if the pitch angle is decreased to zero? .

For the 20° pitch angle, Figure 39 (c) gives Vi = 25727 ft/sec and vi = 2
-1.38°, From Figure 39 (a), decreasing the pitch angle to zero results f
in Vi = 25710 ft/sec (-17 ft/sec) and vi = -1.46° (-.8°). ;

el Converting given conditions to other reference altitudes. - Converting ”
given Vi, vi reentry conditions at 400,000 feet to another altitude, say :
350,000 feet, is easily accomplished by noting the variation of velocity E
and flight_path angle in a Keplerian ellipse. Reference 3 gives these V, .
v variations in a useful format. Assume 350 K feet reentry conditions b
are desired for the above circular orbit reentry example in paragraph L
2.3.2, where at 400 K feet Vi = 25727 ft/sec andvy; = -1.38 . From
reference 3, Figure 4 (d), the V, &+ 400 K feet values define a transfer [
ellipse where hp/ha = -13/159 nm, Figure 4 (c¢), for an altitude of 350 K
feeté shows that for hp/ha = -13/159 nm, Vi = 25787 ft/sec and =3 =

-1.3

R.5 Parking orbits as a function of cutoff conditions for various
insertion altitudes. - Figure 40 gives apogee and perigee altitude (ha,
hp), true anomaly (), and period (T), as a function of the cutoff
parameters h, V, v.3 These graphs also allow a quick estimation of time
to go to apogee and perigee since the insertion true anomaly is indicated.
For this estimate, assume the orbital travel to be 360/t deg/min. These
data are the result of the general Keplerian relation of ha, hp, ©, and

T with h, V, v and are plotted in the given "insertion conditions" format
for usage and compatibility with other flight control displays.

Refer to Figure 40 (d), which is for an insertion attitude of 87 mm,
Assume cutoff occurred at Vi = 25775 ft/sec and vi = +1.85°. The following
is indicated:

hp/ha = 5/250 mm

initial true anomaly = 73°
period, T = 89,2 min

time tc go to apogee = 26.6 min
time to go to perigee = 71.2 min

3Fro:m reference 4. See also reference 5 fo? additional data covering
wider ranges in altitude.




For this example, if no spacecraft propulsion capablility is used, the
subsequent reentry conditions can be obtained by the preceding method. L
Hence, from Figure 1 (¢) of reference 3, at 350 K feet Vi = 25983 ft/sec o
and y; = -1.62° for hp/ha = 5/250 mm. [

2.6 Comments. - These, and the referenced data, represent a growing amount
of useful mission planning data, These data should be thought of as
related puzzle pieces that are to be fitted together for the purpose of
simplifying the mission planning/evaluating task. In this regard,
familiarity with this data will be beneficial in relating it to future

data as it becomes available.

3.0 CONCLUSIONS

Inertial velocity and flight-path angle at 400,000 feet are given for
reentries from near earth circular and elliptical parking orbits. The
relationship of important parking orbit parameters to conditions a?%
insertion is made in addition to pointing out the pertinent usefulness
of existing data.

* g e e o T i e e
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Figure 2. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit
where np-ao nautical miles and ha =100 nautical miles.
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Figure 40. - Concluded.
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