VOL.

44,

No.

11,

NOVEMBER

697

1963

Today's Meteorological Rocket Network and Atmospheric
Problems of Aerospace Vehicles 1
NORMAN

SISSENWINE

Air Force Cambridge Research Laboratories

Most practicing meteorologists have a great
interest in the behavior of the atmosphere at altitudes currently being attained by meteorological
rockets. As scientists, they desire to understand
as much about the atmosphere as possible. Frequently, an extension of their knowledge, such
as of atmospheric processes and distribution of
meteorological parameters in the mesosphere, will
aid in solving other problems with which they are
vitally concerned, for example, prediction of
weather changes in the troposphere.
Included within this general category of meteorologists is a smaller group of our profession
that is responsible for developing information on
atmospheric behavior for the solution of problems of future aerospace vehicles.
Although
these meteorologists frequently begin with very
gross descriptions of the atmosphere, such as the
Standard Atmosphere, they must usually present
variability in more refined descriptions as the
design develops, often in progressive steps to
the point where the distribution of atmospheric
interaction can be investigated and a determination made of the acceptability of the design. The
requirement for a prediction is also an end product of this investigation. For these refined design studies, horizontal charts of atmospheric
parameters, having a form completely analogous
to the upper air charts currently available for
today's jet aircraft and just coming into the inventory at altitudes of the future supersonic transport (50,000 to 100,000 ft), are frequently required.
Hopefully, the atmosphere will be only of
minor concern in design and operation of these
more advanced vehicles. However, if I may
philosophize for a moment, during each step for1 A statement presented by Mr. Sissenwine, Chairman
of the AMS Committee on Atmospheric Problems of
Aerospace Vehicles, on 21 June 1963 to the Panel of
Atmospheric Sciences of the President's Science Advisory Committee.

ward and upward in our aeronautical/aerospace
technology, one hears statements on how much
less dependent these higher altitude vehicles will
be on the state of the atmosphere; yet, because
of the higher performance of the more advanced
vehicles, it seems that various new critical atmospheric parameters continue to arise. For example, today's major concern over clear air
turbulence at commercial jet aircraft altitudes is
a problem area in which extensive research resources were withdrawn five years ago after a
decision was made that turbulence would have
little importance in jet aircraft operations. We
might have been quite far along toward its solution if we were not lulled by this false sense of
security resulting from a lack of sufficient operational experience. Frequently, operational problems are not recognized until long after operations have commenced.
Many requests from the aerospace design community on atmospheric problems find their way
into the AFCRL. A number of these covering
the altitudes of meteorological rocketry have
reached the research group on design climatology
with which I am associated. Most of these problems involve Air Force personnel or their contractors. However, this is so chiefly because
AFCRL is responsible for providing geophysical
consultations to the Air Force and we carefully
document these consultations. We frequently provide analogous information to non-AF efforts
when we can be helpful and from these requests have learned that the other DOD and
NASA-supported aerospace efforts have completely analogous sets of aerospace vehicle atmospheric problems.
In preparation for this meeting, I reviewed the
last two years of records and obtained about 25
examples. I would like to describe three of these
here and then provide an abstract of the remainder of these as a supplement. I will keep
this material Unclassified.
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Example 1: (RTI-728) r A request from the
Air Force Flight Test Center states: "As a part
of the task of developing flight test methods for
future hypersonic manned aircraft, the A F F T C
is conducting an extensive computer simulation
of the proposed Dyna Soar I vehicle. Despite the
fact that winds and wind gradients may conceivably exert considerable influence on the rate of
change of specific energy of such glide vehicles,
these effects have been omitted because of the
paucity of readily obtainable pertinent data." Required to solve this problem, ideally, are representative flight path wind cross-sections around
the globe for altitudes of, roughly 250,000 ft down
to 100,000 ft. These could have been based upon
the synoptic network if such were available. Unfortunately, the best that could be provided with
the information available was an estimate of the
mean winds by season for these altitudes, a very
rough estimate at that.
A follow-on problem developed concerning
wind shears during the reentry of this boost glide
vehicle. Very frequently, it has been said that
winds have a negligible importance on reentry as
compared to density, and for many vehicles this
is true. This particular inquiry, though concerned
aerodynamic heating which could be greatly influenced by winds because of vertical wind shear
in the profile which, if extreme, could result in
an unprogrammed angle of attack, with accompanying higher aerodynamic heating. Another follow-on problem concerned density variability at reentry which could alter the range by
thousands of miles.
The Dyna Soar program for which this aid
was requested has changed considerably since the
data of this request, therefore, continuity on this
problem has been lost. However, there will be
aerospace vehicles with similar concepts in which
flight level winds will be important and, perhaps,
critical.
Example 2: (RTI-947).
In February of this
year, we received a request from the Aeronautical Systems Division of the Air Force Systems
Command which contained the following statement :
"Consider a re-entry from a lunar orbit. With
supercircular re-entry speeds, a lifting body must
rely on negative lift to assure capture in the
earth's atmosphere. The lift capability of the
body and the aerodynamic heating rates determine an acceptable corridor for re-entry. According to an assumed plan, the re-entry vehicle
can balance the centrifugal forces with vehicle
2
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weight plus negative aerodynamic lift between
altitudes of approximately 220,000 to 400,000 ft
by considering an atmosphere equivalent to the
U. S. Standard Atmosphere.
If atmospheric
density between approximately 220,000 to 400,000
ft were much less than expected during re-entry,
insufficient negative lift could be generated and
the vehicle would pass out of the atmosphere back
into orbit."
These re-entries take place over a horizontal
distance of nominally a few thousand miles, again
extending from the equatorial Pacific to northern
U. S., and indicating the need for synoptic network-type presentation of density data.
Preliminary calculations indicated that departures
of 50 per cent in density from the standard would
be critical. Anomalies this great, and slightly
greater, have been observed at, roughly, 250,000
ft. To adequately solve this problem and determine whether a prediction capability is required
and feasible, there is the need for a synoptic network over, perhaps, one-fourth of the Northern
Hemisphere.
Exarnple 3: (RTI-12).
A certain aerospace
vehicle is being developed for the Air Force
Ballistic Systems Division, which glides several
thousand miles at altitudes of today's Areas and
Loki meteorological rockets. Extreme precision
in the track planned requires a precise inertial
guidance system. It must be provided with independent damping for the 84-minute period oscillations of a pendulum of an earth radius length
since an inertial system cannot detect this oscillation. Most feasible damping device conceived
is an on-board densitometer which compares a
programmed relationship between density and altitude with altitudes obtained inertially. Minor
departures from the program density-altitude relationship are permissible. In fact, the designers
before consulting with meteorologists had determined that the device would be feasible if the
density-altitude could be programmed within random errors of 500 ft. This proved quite unrealistic with the amount of mesospheric density
information available today.
The basic need for solution of all the above
problems and many of those abstracted in the
attachment is a series of upper stratosphere and
mesosphere atmospheric parameter synoptic charts
which can be used as a basis for studying the
interactions of any aerospace vehicles with the
atmosphere. From these charts would come more
advanced climatology, such as distributions and
matrices of interlevel, interspace correlation coefficients. True, for some problems, especially
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those related to vehicles moving nearly vertically,
design can be based on climatology from one
station and the argument f o r a network is weakened. However, should a given atmospheric profile be determined as critical, perhaps a shear at
staging altitude, a prediction capability could be
required which would no doubt require a network.
The U. S. Committee on Extension to the
Standard Atmosphere will consider next month
the publication of atmospheres for the tropics,
subtropical winter and summer, temperate winter
and summer, subarctic winter and summer and
arctic winter and summer, including special consideration of explosively warm stratospheres in
the arctic and subarctic winters.
I know the
development of tables of the atmosphere, such as
these, seems like a rather mundane accomplishment to many in our research community. H o w ever, these are being looked forward to by the

ANNOUNCEMENTS
N S F Graduate and Postdoctoral Fellowships
The National Science Foundation has announced that
applications for Postdoctoral Fellowships will be accepted through 16 December 1963. About 185 awards
will be made in a wide range of scientific fields.
United States citizenship, special aptitude for advanced training, and a doctoral degree or equivalent education and experience are required for eligibility. Fellows will be selected by the National Science Foundation
on the basis of ability as evaluated by panels of scientists
appointed by the National Academy of Sciences—National Research Council.
Postdoctoral Fellows will receive $5,500 per year, plus
dependency and travel allowances. An allowance will
also be made to the fellowship institution for fees and
other costs involved.
Application materials may be obtained from the Fellowship Office, National Academy of Sciences—National Research Council, 2101 Constitution Ave., N.W.,
Washington, D. C., 20418. Completed materials must
be received not later than 16 December 1963.
Applications for Graduate Fellowships will be accepted through 3 January 1964. Requirements for
eligibility and methods of selection are as given above,
except that only the bachelor's degree is required.
Stipends for Graduate Fellowships vary with the
academic standing of the Fellows. First Year Fellows
will receive $2400 annually; Fellows who need no more
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aerospace community with greater anxiety than
even the Standard Atmosphere, since a previous,
albeit outdated, Standard Atmosphere was available. These supplemental atmospheres are the
next step in aerospace design problems toward
synoptic meteorology of the mesosphere.
Today's meteorological network rockets fall far
short of providing the detail needed. However,
the information, even from these very crude tools,
supplemented by other less extensive probings,
has proved invaluable in the development of the
rudimentary climatology which has been used
over and over to furnish the best guidance possible within the "state-of-the-art."
Only after
such climatology has been extended to the point
where climatic prediction is attainable can a synoptic prediction capability be explored. A continuation and gradual extension of today's meteorological rocket network toward these goals seems
logical.

than one calendar year training to complete requirements
for the doctoral degree, $2800; Fellows in between these
two groups, $2600. Dependency allowances to the Fellows and cost-of-education allowances to the institutions
are provided.
Application materials may be obtained from the address given above.
Bibliography on Meteorological Satellites
Bibliography on Meteorological Satellites (1952-1962)
is now available from the Superintendent of Documents,
U. S. Government Printing Office, Washington 25, D. C.,
price $1.25.
The publication was prepared by Elemer Kiss of the
staff of METEOROLOGICAL AND GEOASTROPHYSICAL A B STRACTS for the Weather Bureau and published by the
U. S. Department of Commerce.
Malcolm Rigby,
M&GA editor and supervisor, wrote the foreword, which
contains the explanation of how the bibliography is
organized.
According to Mr. Rigby, specific subjects included
are weather satellites and their practical uses in observation of cloud patterns, cyclonic storms, hurricanes,
local storms, snow cover, temperature, pressure, density,
ionization, wind, sea ice, albedo, terrestrial radiation, solar
radiation, cosmic radiation, Van Allen belts. The papers
are arranged in chronological order and alphabetically
by author within each year. A subj ect outline, geographical outline, and complete author and serial indexes are also included.
(More
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on page 748)
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