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MINIMUM ENERGY ENTRY INTO ORBITS AROUND MERCURY*
By S. W. GREENWOOD,t M.Eng., A.M.LMech.E., A.F.R.Ae.S., Member of Council.

ABSTRACT
The velocity requirements for entry into circular orbits around Mercury are determined, assuming transfer along a
substantially cotangential semi-eilipse from Earth, and making allowance for the eccentricity and inclination of the orbit of
Mercury. It is shown that the lowest velocity requirement is obtained when the transfer orbit is in the plane of the orbit of
Mercury with arrival at perihelion of Mercury’s orbit. The same transfer technique is preferred when entry is to be made

into a parabolic orbit close to the planet’s surface.

It has been indicated in an earlier note by the author!
that for each planet there is a circular satellite orbit,
entry into which calls for the minimum total velocity
requirement. In these earlier studies, it was assumed
that the orbits of the planets were circular, concentric
and coplanar, and transfer was effected along a minimum
energy semi-ellipse. :

The planet for which it appeared to be of greatest
advantage to take account of this effect was Mercury.
with the single exception of Pluto, for which these
studies are of only academic interest, Mercury is the
planet with an orbit having the greatest eccentricity
{0-206) and inclination (7°). Further studies were there-
fore carried out to investigate the influence of these
factors on the results obtained for this planet.

From the viewpoint of simple computation, it is a
convenience that perihelion and aphelion of the orbit of
Mercury lie close to the ecliptic. For these studies, the
assumption is made that these points lie in the ecliptic.
The various alternative flight paths open to us are, of
course, infinite in number, but only the four bounding
possibilities listed below were examined, transfer in each

case being effected along a substantially cotangential
semi-ellipse :

(1) Correct for inclination of orbit of Mercury in
departing from Earth, and so enter a transfer
orbit in the plane of the orbit of Mercury.
Arrive at Mercury’s perihelion.

(2) As (1), but arrive at Mercury’s aphelion.

(3) Enter a transfer orbit in the ecliptic, and correct
for inclination of orbit of Mercury when reaching
Mercury. Arrive at Mercury’s perihelion.

(4) As (3), but arrive at Mercury’s aphelion.

The main results of these studies are presented in
Table 1, alongside corresponding data for the simplified
study based on circular, concentric coplanar orbits for
the planets. The circular orbit considered around
Mercury is that closest to the surface, since this gives the

-minimum total velocity requirement in each case.

As expected, transfers to Mercury’s perihelion involve
a more eccentric transfer orbit than those to the planet’s
aphelion, and the velocity requirements for departure

TABLE 1.— Breakdown of velocity requirements (in miles|sec.) for flights from Earth to orbit of Mercury and o close
circular orbits around Mercury respectively, with transfer in the orbital planes of Earth and Mercury respectively, and
with arrival at perihelion and aphelion respectively of the orbit of Mercury.

Data allowing for eccentricity and inclination of orbit
Data based of Mercury
on simplified |
model of Transfer orbit in Earth ! Transfer orbit in Mercury
circular, orbit plane | orbit plane
concentric, . -
coplanar Arrival at I Arrival at Arrival at Arrival at
orbits perihelion |  aphelion perihelion aphelion
Escar: from Earth and enter transfer orbit .. .. 834 902 | 784 | 922 | 810
Enter orbit of Mercury distant from planet .. i 600 660 821 4-60 7-50
Enter circular orbit around Mercury close to surface 467 5-23 674 342 6-08
Total for entry into orbit of Mercury distant from |
B planet .. . gt e 25 2k 14-34 15-62 16-05 ! 13-82 15-60
Total for entry into circular orbit around Mercury |
ciose to surface .. i it o i 13-01 14-25 14-58 | 12-64 | 14-18
Saving .. . L. L L 1-33 1-37 147 | 1-18 142
Saving, % of total .. .. .. .. .. 93 82 92 | 85 91
* Manuscript received 1 December, 1960. + Writer and Consuitant, 2 Tower Walk, Weston-super-Mare.
Somerset.
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160 Greenwood: Minimum Energy Entry into Orbits Around Mercury

from Earth and entry into these transfer orbits are
correspondingly higher. The requirements at perihelion
are seen to be lower than at aphelion. The total require-
ments for entry into the close circular orbit around

. Mercury are roughly the same for all cases except that

for transfer in the orbit plane of Mercury and arrival at
the planet’s perihelion. For this case the velocity require-
ment is significantly lower, and is usefully lower than
that indicated in the simplified study that ignored the
inclination of the planetary orbits.

The preferred transfer orbit is thus in the plane of the
orbit of Mercury with arrival at the planet’s perihelion.
The percentage saving possible through entry into a close
circular orbit around the planet is 83, a little less than
that previously indicated in the simplified study, but
still very useful.

The situation for arrival at Mercury’s perihelion is
illustrated in Fig. 1. The transfer takes 96-5 days, just

Earth at departure

Earth ac arrival

Mercury at /
arrival

Fic. 1. Earth-to-Mercury transfer orbit. The situation illus-
trated is for arrival at Mercury’s perihelion.

over three months, and the relative position of the two
planets and the Sun on completion of the tramsfer is
shown. This should favour communication with the
minimum interference from solar noise.

For the most suitable case, the velocity requirements
for entry into circular orbits around Mercury at different
distances from the planet are given in Fig. 2.

Similar studies to the above were carried out for entry
into parabolic orbits around Mercury following transfer
along a substantially cotangential semi-ellipse, for direct

comparison with the simplified studies of an earlier note:
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FIG 2. Velocity requirement for entry into ci
Mercury from transfer orbit. The transfer o
!hc Mercury orbit plane, and arrival is at Mercury's i

by the author.? Again, it was found that the
total velocity requirement is given by transfer in
plane of Mercury with arrival at perihelion.
resuits are compared in Table II.

TaBLE 11.—Comparison of simplified and real
requirements (in miles/sec.) for flights from
orbit of Mercury and to close parabolic orbit .
Mercury respectively. The real case shown is that
the lowest total velocity requirement.

i Data
| for
land i
Data based of
on simplified | of Merc
model of Transfi
circular, in M
concentric, orbit
coplanar Arri
orbits peri
Total for entry into orbit of
Mercury distant from planet 14-34 13
Total for entry into parabolic :
orbit around Mercury close
to surface .. 12-22 114
Saving .. 212 19
Saving, % of Total s .., 148 14:2
| ;

A conclusion of both sets of studies is that the assaif
tion of circular, concentric, coplanar planetary orb
satisfactory for introductory consideration of
velocity requirements for entry into orbits aroung
planets, though more realistic assumptions will obj
be required for more advanced studies.
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