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THE STABLE DESCENT OF MISSILES, SATELLITES, AND SPACE CRAFT
THROUGH THE EARTH'S ATMOSPHERE

We are going to discuss some of the considerations for successful recovery
of satellites and space craft and the successful entry of ballistic missiles
into the atmosphere. We start from the assumption that the flight should be
controlled and orderly rather than an uncontrolled tumbling of the reentering
vehicle, and will illustrate these two possibilities with the aid of a water
tank and some models. The first model (drop while talking) illustrates the
kind of flight characteristics we want. The model undergoes some oscillation
in attitude, but it remains nose-forward during the descent. The second model
(drop) shows no particular preference as to attitude, falling sometimes nose-
forward and sometimes nose-rearward. This descent 1s obviously unsatisfactory.
Now what is the difference between these two models? Technically, it is called
a difference in stability. The term as we shall use it here refers to the
tendency of a model to fly nose-forward. A model that continues to depart
from the nose-forward condition on being disturbed is said to be unstable.

Stablility is an obviously desirable characteristic for hypersonic vehicles
entering the atmosphere, just as it is for an automobile driven at high speed.
If we wish to accomplish a controlled, maneuvering flight such as will be made
by a manned satellite making a safe reentry into the atmosphere, stability is,
in fact, necessary. In addition to retaining control over the vehicle, it
is also necessary to avoid the high frequency tumbling and swerving of the
vehicle which lead to an intolerably rough ride for the pilot. Another para-
mount consideration is to hold the vehicle attitude fixed so that the heat
shield on the front face of the vehicle remains in the forward position where
it can protect the vehicle from destruction by the heat generated by atmos-
pheric friction.

Flight stability is therefore essential for recoverable space craft,
satellites, and ballistic missiles. But what controls and determines whether
a vehicle will be stable or not? This can be explained with the aid of the
first chart. This chart depicts a body in flight, momentarily misaligned
with respect to the flight direction, which is represented by these arrows









































