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FOREWORD

The joint DoD-NASA-DoT Study of Research and Development Contri-
4 butions tc Aviation Progress (RADCAP) was accomplished to exemine the
significant technological advances that have been made in aviation
since 1925, and to review and assess the relevancy of current and
planned military aeronautical researcii and development programs to
the R&D needs of civil aviation.

’ The study traces its origins to a renort issued by the Senate
Commi ttee on Aeronautical and Space Sciences in January 1968, This
commi ttee recommended that ''an in-depth study should be made to analyze
the reiationship between benefits that accrue to the Nation from avi-
ation and the level of aeronautical ReD effort.'" In response to this
recommendation, as well as to a report prepared by the House Sub=
committee on Advanced Research and Technology in March 1970, a joint
DoT-NASA 'Civil Aviation Research and Development Policy Study,'' or
""CARD'' Study, was initiated, with the report being published in Ma :h
1971. This study placed emphasis on an examination of civil aviation
benefits tc the Nation, the relationship of research and development
to these benefits, the criteria for Government support of civil avia-
tion, and the identification of RcD needs appropriate to continued
advance in the future,

Since the ''CARL' Stuay looked at military contributions only in
a general sense, Mr., William M, Magruder, Special Consultarc to the
President, suggested in a 9 September 1971 Memorandum to Mr. David
Packard, Deputy Secretary of Defense, that a detailed study should
[ be conducted tc show the following: first, the flow of military
| technology that has made the U. S. Civil Air Transport Industry
r dominant in the Free World; and second, the c'anges in military re-
’ quirem :nts that might indicate that this flow of technology, or per-
haps the timing of this flow, may no longer be of the same nature as
in prior years, The DoD agreed that such a study could highlight the
bonus effects of military programs and be valuable to civil aviation
1 planning. The recult was the preparation of a joint DoD-NASA-DoT
H Statement of Worx for the effort and the initiation of the '"'RADCAP"

Review,
L
| The specific objectives of the study were established by a

planning group comprised of DoT NASA, ana DoD representatives, and
were defined as follows:

1. To identify the major techriological advances that have been
made in aviation since 1925 - including background, sponsor, user,
application, timing, and trends.

ii
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2. To show the relevancy of currently planned and funded DoD
aeronautical RGD programs to the R&D needs of civil transport avia-
tion - research and technology, development, application and trans-
fer process.

Overall guidance and direction for the study was provided by a
Steering Group comprised of representatives from the DoD, NASA, and
the DoT. The Study Team consisted of a Working Group comprised of
vepresentatives from DoD, DoT, and NASA, and nine Working Group Panels
in various subject areas. The initial meeting of the Study Team was
held on 13 December 1971.

Working within the framework of :the specific objectives estab-
lished and approved by the Steering Group, two corresponding tasks
were formed, each requiring research and study from a different per-
spective. Working Group Panels accomplished the primary effort asso-
ciated with each of the tasks, and the detailed results are incorpo-
rated in the Appendices uf the RADCAP Report (Volume II). Appendices
1 through 6 cover the several technical disciplines and relate to the
first objective of the study. Appendices 7 through 9 cover the rele-
vancy and trend questions, and relate to the second objective of the
stuay.

iii



http://www.abbottaerospace.com/technical-library

APPENDIX 1

PROPULSION AND POWER

JOINT DoD-NASA-DoT
“ReD CONTRIBUTIONS TO AVIATION PROGRESS"
(RADCAP) STUDY

CHARLES R. HUDSON, Jr.,

USAF/AFSC (AFAPL/SF)
FANEL CHAIRMAN

AUGUST 1972 oo

S e Rt R


http://www.abbottaerospace.com/technical-library

‘ a PITHETRTSN oY o bl taaodiogy beN b Aad A e rdee LI BN A S SO . R TR
i
ww
E
Appendix 1
i PROPULSION AND POWER
! Table of Contents
‘ Page
Section I. Introduction 1
! Sectior 11. Significant Advances Since 1925 3
E A. Reciprocating Engines 3
% B. Reciprocating Engine Fuels 4
3 C. The Supercharger 5
D. Controllable-Pitch Propellers 6
E. Reciprocating Engine Accessories 6
F. Turbo-Jet Engines 6
) G. Turbo-Fan Engines 10
H. Turbo-Shaft Engines 11
I. Thrust Reversers 12
J. Fuels and Lubricants 12
K. On-Board Power Generation 13
L. Aircraft Lighting 14
M. Runway Lighting 14
Section IIl. Current and Planned R&D Efforts 15
A. Advanced Technology Engine 15
Development Programs
B. Aircraft Propulsion Subsystem 26
Integration Program (APSI)
C. Engine Poilution Control 29
D. Noise 32
E. Aircraft Fire Protection 41
F. On-Board Power Systems 43

1

Section IV, Summary 45



http://www.abbottaerospace.com/technical-library

&

SECTION 1

INTRODUCTION

Propulsion has been, and continues to be the pacing subsystem in
the development of new aircraft. Historically it can be shown that
the ability to develop and produce successful high-performance air-
craft has been made possible only through significant improvements
in aircraft propulsion. The propulsion industry was given great
impetus by World War II to provide ever increasing power for the
existing, already designed, aircraft in the military arsenal. This !
1 additional power allowed the full combat potential of these aircraft
to be attained. The period from 1945 to 1970 saw great strides in
aircraft performance due chiefly to the advent and rapid development
of jet propulsion. In contrast to the reciprocating engine era, the
jet engine developed so rapidly as to demand new airframes at
frequent intervals to match their new, much greater, performance.
levels.

In the reciprocating enginc era, the methodology of engine devel-
2 opment was quite simple. The eagine developer was constantly upgrad-
ing the power production capability of his engines, but the incremen-
tal horsepower was only a few percent at a time and often connected
with no increase ir engine weight. The airframe designer was

usually able to simply strengthen the engfine mount or make minor
center of gravity adjustments and thereby utilize this increased
power production capability. With the advent of the turbine type
engines, the technology advanced so rapidly that within a matter of
only a few years the jet's thrust cutput was so drastically increased
as to require a new airframe to adequately exploit its potential. An
additional factor to be considered in the development of jet engines
is their cost. The production cost of a World War II reciprocating
engine was in the $10,000 to $25,000 range, but an engine of the J-57
class cost nearly ten times this amount. The development cost of
late model jet engines is so great, some times being in the
$200,000,000 range, that a new methodology had to be developed for
economical advancement of turbine engine technology. Additionally,
the integration of a jet engine into a modern high performance aero-
nautical system has been found to be so complex that a new concept of
dealing with this interaction had to be developed which treats the
engine air flow from inlet completely through the engine to the
exhaust nozzle, together with aircraft interactions on this air flow.
i These new methodologies are explained in detail ir Section III of
this Appendix.

~
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This Appendix primarily covers military propulsion RGD. Also ~
included are joint programs with NASA and the DoT, as well as the
propulsion programs of NASA and the DoT that complement, or relate
to, military efforts. A complete coverage of all Federal Non-
Defense Agency programs in propulsion has not been attempted.



http://www.abbottaerospace.com/technical-library

SECTION II

SIGNIFICANT ADVANCES SINCE 1925

A. Reciprocating Engines

At the close of World War I, there existed huge quantities of war
surplus engines (such as the 0X-5, Hispano-Suiza, and Liberty) many
of them in new condition. These engines were made available to the
public at a fraction of their original cost ‘and fulfilled the demand
for engines until the mid-1920s. There was, therefore, little incen-
tive for engine companies to invest in new engine designs. One
enterprising indiviZ.al did, however, venture the design of a new, as
of that time unproven, radial air-cooled engine. Thke individual was
Charles L. Lawrance and his firm, the Lawrance Aero-Engine Corpora-
tion, interested the US Navy in his engine and he successfully
developed the 200 hp J-1 which was installed in the Curtiss TS-1 in
1922. This organization later became the Wright Aeronautical Corpo-
ration. At about this same time, several personnel formerly with
Wright Aeronautical became affiliated with what later became the
Pratt § Whitney Company. These engineers then set out to develop
engines hopefully superior to the Wright Aeronautical products. Both
Wright and Pratt § Whitney engines found ready acceptance in the
aviation community, both military and civilian. It was one of this
new breed of engines, the Wright J5, that powered Lindbergh's
historic flight. Due to the aggressiveness of both of these compa-
nies, a long and successful series of engines were developed, almost
exclusively under company sponsorship, until the late 1930s. Notable
of the Pratt § Whitney series were the Wasp Jr., Wasp, Twin Wasp,
Double-Wasp, and Wasp Major, with horsepower ranges from 450 to 3250.
Wright Aero engines included the Whirlwind, Cyclone, Double Row
Cyclone, Duplex Cyclone and Turbo-Cyclone mondels with ratings from
235 to 2500 horsepower.

The military services, by allowing the engine companies to in-
clude "engineering' as a production cost and then basing the final
protit on this production cost, were, in effect, subsidizing this
industry. Their engineering teams then proceeded with new engine
designs for both military and civil use. It can thus be said that
commercial air transportation, and the commercial engine business,
flourished in the U.S. primarily as a result of Government subsidy.
The develcpment of radial air-cooled commercial engines was as much
a result of Government policy as was the occasionally directly
financed development of military engines.

In addition to the radial air-cooled engine development outlined
above, considerable development of liquid-cooled engines was

-, m
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undertaken just prior to and during World War II. Since the commer-
cial aviation market had little or no interest in this tyvpe of
engine, its development was funded primarily by the military.

Combat aircraft such as the P-38, P-39, P-40 and P-51 all utilized
this type of engine, the Allison V-1710 chiefly powering the first
three, and Allison V-1710's and Packard built Rolls-Royce's shared
the P-51's.

B. Reciprocating Engine Fuels

In the early 1920's, Kettering and his associates discovered the
anti-knock properties of tetraethyl lead (TEL). The Army Air
Service experimented with TEL in 1922 but found it unsuitable for
use in their equipment. The Navy began using TEL in 1926 to over-
come heating and det nation in their air-cooled engines; first in
the 400 HP Wasp and later in the 600 HP Hornet. The TEL was added
to the aircraft tanks after refuelling. The Army Air Service
followed suit in 1928, using the same procedure. In these years
prior to 1928 it was ascertained that radical differences in engine
performance resulted from the use of various fuels produced in
assorted refineries in the U.S. and abroad. Rudimentary specifica-
tions were used for fuel procurement, and the underlying causes for
these performance differences were investigated. 1In the years
following 1928, however, a scientific investigation was undertaken
to correlate engine performance vs the physical and chemical compo-
sition of fuels. A large degree of credit must be given to Mr.

S. D. Heron, a Government employee, for the start of this investiga-
tion which, before it was fruitful, involved many disciplines such

as engine builders, chemists, petroleum refiners, and chemical
companies. The main problem to be solved concerned engine overheat-
ing and detonation (knocking) and led to the establishment of test
methods and reference fuels defining the detonation characteristics
of a fuel. In 1930 the first fuel specifications which included a
knock (detonation) characteristic were approved. Numercus materials
were investigated as to their detonation characteristics and it was
found that certain octanes, especially iso-octane, exhibited super-
ior resistance to knocking. The Army Air Corps undertook full-scale,
and subsequently flight tests in 1934, of an isc-cctane blend and
proved its capability of greatly improving the HP output of engines.
It was this work that led to the development of the 100 octane, and
higher, fuels of World War II. To produce the anticipated quantities
of iso-octane based fuels (the original estimates being greatly
exceeded), a large production capability had to be established.

Between Pearl Harbor and VJ-Day, 19 billion gallons of 100/130

grade aviation gasoline were produced by the Allied nations (pri-
marily the US). The cost of this fuel, f.o.b. refinery, was about
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. 3 billion dollars. Between June 1940 and VJ-Day, the facilities
expansion program necessary to produce this fuel quantityv cost
nearly a billion dollars and was funded 75% by industry and 25% by
Deferise Plant Corporation (Government) funds. At the close of
hostilities, this material was made available to commercial aviation
operations aad even, for many years, aided in the production of high
octane motor fuels. The use of increasingly nigher octane fuels
allows the engine operator to producc more pcwer from a given engine
without overheating (or knocking) thus allowing him to take off with
more payload. Another benefit is the ability to use leaner fuel/air
mixtures thereby saving fuel and increasing range or decreasing
operating cost.

C. The Supercharger

Even before WWI, the use of a supercharger to preclude the power
loss resulting from altitude operation, was realized. No super-
3 charged engines went into service during WWI. In the post-war years
British and German experimentation, and flights, were conducted with
experimental superchargers. The U.S. followed suit and by 1925 had
several experimental superchazged radial engines which were used for
test flights. The first U.S. production engine with gear-driven,
built-in, single-speed, single-stage centrifugal supercharger was
the PGW R-1340 which entered preliminary service in 1927. After
1930 virtually all military and commercial aircraft employed engines
with single or twc-speed centrifugal superchargers, with some mili-
tary engines having two-stage units.

It is a well known fact that the reciprocating engine discharges j
approximately one-third of its energy through the exhaust system.
Several persons, including Dr. Moss of G.E., suggested that this !

wasted energy be harnessed by a turbine which, in turn, could drive
an air compressor, thus producing a more efficient cycle and, ulti-
mately, produce more power from a given enginc. For several years,
Dr. Moss and Army personnel collaborated in the development of a
turbosupercharger as a potential means of maintaining the HP rating
of an engine at high altitude, and developed a unit which was subse-
quently tested on Pike's Peak in 1918. Fnr the next twenty years,
this development was continued with the main limitation being in the
metallurgy of the turbine wheel. By the late 1930's, alloys with
sufficient hot strength to allow the turbosupercharger to be fully E
operational had been developed, and upon the U.S. entry into World

, War II, made possible the superior high altitude performance of such 1
: aircraft as tac B-17, B-24, P-38, and the P-47. 1In 1948 the Boeing :
§ 377 Stratocruiser cntered operation with Pan American Airways to

3 become the first commercial airliner tha employed turbosupercharg-
ing. The development of the turbosupercnarger also had a great

|
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influence on the turbojet engine, since the turbine problems of
both were similar with respect to temperature vs strength.

1 D. Controllable-Pitch Propellers

] The first application of a controllable-pitch propeller appears
to be in > British aircraft during Woerld War I. Eeveral concerns in
the U.S. were engaged in the development of variable-pitch propellers
in the early 20's but, due to the mechanical complexitv of the

; variable-pitck concept and generai lack of air-worthinesc of these
units, at that date, it was not adopted. In the early 30's, the
first practicai two-position unit was developed by !amilton-Standard
1 for the military servicec.

The Boeing Cempany's 247, in 1933, was the first commercial air-

’ craft to adopt a two-position variable-pitch propeller, sinc. this
was the only means of getting reasonable take-off payloads off of

commercial airfields iocated at high altitudes such as at Denver or

Cheyenne. 1In 1934 the 247's started conversion from thesec two-

positirn propelle  to constant-speed units incorporating automati-

[ cally corirolled pitch. Military operational use of two-position,
ané¢ .onstant-speed propellers cccurred the same year.

E. Reciprocating Engine Accessories

Concurrent with the development of reciprocating engines, many
advances were made on the accessories for same. Notable amongst
these were ceramic spark plugs, high altitude ignition systems,
floatless carburetors, anti-foam agents for oil, and advanced oil
system components. Essentially all of thesc items, largely investi-
gated by the military services, were incorporated into the commercial
reciprocating engines of the post World War Il vears.

F. Turbo-Jet Engines

Gas turbines had been built, and were capable of 1.ning under
their own power, in the early 1900's. For several vears, prior
to Wcrld War II, pruposals were made for the development of aircraft
gas turbines in the United States. Several designs sere formulated :
and some experimental work was conducted, but, since they were being
considered 25 a direct replacement for the reciprecating engine, it ﬂ
was generally conceded that it was not competitive since nearly every
design, even when extrapolated to high HP <izes, was estimated to
weigh at least 50% more than a conventioral rcciprocating engine.
During, and even preceding this time, and quite unbeknownst to the
United States, work on a turbo-jet ergine was progressin; <. the
Whittle engine in Great Britain. Certain information filtered to

10
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the U.S. concerning the Whittle engine, and when General Arnold
visited England in the Spring of 1941, he was greatly astonished as
to the progress that had been made, and that not only were engires
being built but that they were about to be test flown. Shertly
thereafter a Whittle engine was shipped to the U.S. and arrangements
were made with the General Electric Company to build an experimental
engine which was a direct copy of the British Power Jet's W-IX
Engine. The first U.S. engine built by General Electric, and known
as the I, ran excessively hot althcugh it was not plagued by turbine
bucket breakage as was generally the British experience. The main
reason for a more satisfactory turbine in fthe U.S. engine was due
mainly to the superior mectallurgy, developed in the turbosuper-
charger work, which worked admirably in their engine. The engire
was plagued, however, with surging and General Electric proceeded tc
redesign the compressor diffuser section, at which time the 2ngine
ran quite well. This redesigned engine, known as the I-A, was sub-
sequently flown in a Bell P-59A in 1942, which was nearly a year
before the British W-2B was flown.

The success of the U.S. endeavors in the turbojet field were
many in the time period from World War II until 1956. The F-80 air-
plane was powered by the J-33 engine and set a new world speed
record, sew combat in Korea, and the training version of same gave
many military pilots their first jet training. The J-47 engine had
a large production run, saw combat service in Korea, and was in-
stalled on the B-36 as booster engines for increased performance.

It was the power plant for many military aircraft and ti.is engine,
too, greatly aided jet engine know-how. This time period saw the

jet enginre dominate the Navy fighter scenc with the J-34 and the J-48
engines seeing combat service in Korea. The J-47 engine was also
produced in large numbers {approximately 15,000) for the B-52, C-135,
F-8's, A-3's, and several Century series fighters, and set a new
level of performance, both thrust-wise and in engine life.

With respect to life, the early iet enginec averaged only about
7.5 hours hetween overhaul. In the time period between 1948 and
1954, considerable emphasis was put on the matter of increasing this
life end by 1955 many engines were capable of 1,000 hoars. Frior to
the 1,060 hcur life, the jet engine had little interest to the com-
mercial operator, but when it had arrived at this levr.l, it becam»
economica’ iy feasible for consideration. In the early 1950's, the
maintain- .lity of jet engines in the field was also givei. consider-
able attention. The early concepts of Jet Engine Field Muintenance
(JEFM) developed by the military provided experience and basic main-
tenance instructions for early commercial airline operators.

Lot ol
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The complexity of the jet engine was responsible for many
advances in manufacturing techno.ogy. New techniques for large
forgings used in turbines and compresscrs were developed. Advanced
casting, explosive forming, protective flame spraying, and other
important techniques had tn be utilized to economically producec jet
engine parts. Many advances in high temperature metallurgy were
brought forth, as well as the impetus for entirely new metals such
as titanium. Many studies in the field of combustion had to be
solved vo produce the high heat release combustors required in the
jet engine. Pioneering work by NACA (1946-1958) in cooled turbines
made high turbhine inlet temperatures, so important from a thermo-
dynamic standpoint, more attainable. Since the engine had to oper-
ate from sea level to extremely high altitudes, burner designs had
to be accomplished without the problems of combustion insvability or
flame blow-out. This need for a wide altitude operatioiral range aiso
necessitated changes in fuels with respect to their burning quali-
ties, volatility, and thermal stability. The early jet engine fuel
controls consisted simply of a fly ball governor for speed control
and a barometric valve for altitude compensation. As the engines
became more complex, additional parameters had to be measured to
properly adjust the fuel flow, such as compressor inlet temperature,
compressor discharge pressure, turbine discharge and, in the case of
the variable geometry twin-spool engines, as many as thirteen param-
eters had tuo be monitored to adequately control the enginc to the
pilot's demands. In brief, the jet engine required the pursuing of
many technologies to make it a success. These technologies, to name
a few, included high speed anti-friction bearings, high efficiency
compressors and turbines such as desigred by NACA in the 1950's, high
heat releasc burners, and all the attendant metallurgical advances
necessary to make the engine a success and iong lived. Due to the
increasing interest by commercial airline operators, a symposium on
jet "know-how'" was held at Wright Ficld in June 1956. This symposium
provided a sounding board for revealing military jet powered aircraft
experieices to the cummercial operators. Since a large technology
base had been developed by the Government, the jet encine, when
desired for commercial application, was essentizlly reud;. The first
commercial use of jet engines in a scheduled airline was that of the
J-57 (commercial designation JT-3). It is interesting to note that
the expenditures on jet engines and test facilities for same from the
I-A to the advent of this commercial jet flight were approximately
4.0 billion dollars supported heavily by the military or military
profits. A representative listing of commercial engines which were
first developed as military designs is given as Table 1.
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TABLE 1

COMMERCIAL ENGINE DERIVATIVES OF MILITARY ENGINE DEVELOPMENTS

IAILITARY ENGINE

DESIG- FIRST

NATION FLIGHT AIRCRAFT

J-47  MAY 48  F-86, B-47

J-52  APR 60 GAM-77, A-4,
A-6

J-57  APR 52  B-52, C-135,
F-8, A-3,
100 SERIES
FIGHTERS

xR

J-60"" JAN 60 C-140, T-39
T-2B

J-75  MAY 56  F-105, F-106

J-79 JuL 57 F-104, F-4,
8-58, A-5

J-85  UAN 59  GAM-72, T-38,
F-%, T-2C

TF-33  MAR 61  B-52H, C-141

TF-35 NONE oooo

TF-37 NONE LICIC)

TF-39  JUN 68 C-5

T-55  CIR.S6  UH-1

T-55% SEP 61 CH-47A

T-56  DEC 56 C-130, P-3

Y-S MAY 58 H-1, H-2
h-3,
H-46 SERIES

T-63 === OH-6A, OH-58
OH-SA

T-64 === CH-53 SERIES

T-73" ea-- CH-54 SURIES

% AS OF 15 FEB 1972 -

# TMIS WAS

(REPRESENTATIVE LISTING)

COMMERCIAL COUNTERPART

DESIG- FiRST
NATION FLIGHT  AIRCRAFT
NONE cooo £IPTIFIED ONLY
JT-8A FEB 63 JT-8D (FAN)
737, 727, OC-9
JT-3¢ MAR 53 707, OC-8
JT-12 FEB 60 JET STAR,
SABREL INER
JT=4A NOV 58  707-320
CJ805-3 JAN 59  CONVAIR 880
CJ-610 LATE 61 JET COMMANDER,
LEAR JET
JT-30 JUN 60 707, DC-8
CJB05-23  JAN 61  CONVAIR 990
CF-700 AUG 64  JET FALCON
CF-6-6 AUG 70 DC-10
T53L13 ooea BELL 205
T-55L S VERTOL 11b
501D-13 DEC 57 ELECTRA
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A COMMERCIALLY DEVELOPED ENGINE WITH MILITARY APPLICATIONS.
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G. Turbn-Fan Engines

The first U.S. turbo-fan engine was the XJ-49 built by Packard
Motor Company under contract to the Army Air Corps during the period
mid-1943 tc 1946. Werk on this engine, an aft-fan, was terminated
for lack of a suitable application. Starting early in 1947, a con-
tinuous assessment of the desirability and applicability of a turbo-
fan engine was made. In December 1948, Mr. Opie Cheroweth, Technical
Director of the Power Pla.t Laboratory, recommended vigorous pursuit
of the turbo-fan concept. In October 1949; Hq USAF recommended a
turbo-fan be applied to the B-52 aircraft. It was during this time
period (July 1947) that Government funding of the Pratt § whitney
J-57 was started. The J-57 series engines were funded in the amount
of $386,000,000 between July 1947 and September 1955. From late 1949
to September 1955, approximately $220,000,000 was spent developing
the Pratt & Whitney J-75 engine, which was similar in design concept
to the J-57, only larger. During this same general time period,
several other jet engines wecre Government-funded at Pratt & Whitney
with total expenditures with that company being upwards of
$800,000,000. In September 1955, Pratt & Whitney proposed to WADC
(the predecessor of the present Aeronautical! Systems Division) the
manufacture of a turbo-fan engine. The design incorporated a J-57
gas generator and a fan consisting of the first three stages of a
J-75. Having not received immediatec financial support fr.m the USAF,
Pratt & Whitney decided to build that turbo-fan without Government
financial support but with USAF approval to use Governme:'¢ hirdware.
This was accomplished in a per’oud of approxiwmatelv ten months from
proposal to first running.

It should be noted, from a historical standpoint, that in the
period from 1956 to 1958 there werc increasing interests in the
turbo-fan engine, both from engine manufacturcrs and from the air-
craft operations reople. It must be recalled, however, that during
this period there was a waning interest in the militarv in the area
of air-breathing engines. The undertaking of a compl.-cly new engine
development program for a turbofan engine, which might u.ve cost up-
wards of $200,000,000, would have received little consideration at
that time. Pratt § Whitney had the components of existing J-57 and
J-75 engines readily available to them and the first "build" of their
turbofan was successful. It is cc-~eivable that turbofan development
might never have occurred, or at  .ast have been delaved for years,
if Pratt & Whitney's attempt had failced.

A turbofan development was also undertaken with General Electric
starting in mid-1954 known as the G.E. XTF-31 (L-2), This program
was to produce a front fan versicn of the military J-79 and was
funded in the amount of $15.6 million dollars. The development was
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relatively unsatisfactory and was terminated in eariy 1956. A varia-
tion of this development, an aft-fan versicn of the J-79, known as
the X-220, and funded with $5,000,000 of R&D money was conducted
until August 1958, at which time it, too, was terminated due to lack
of suitable characteristics for military application. The engine,
however, was continued forward on company funds and was qualified
for flight in December 1959 and was known as the CJ-805-23 and found
service in the Convair 990 aircraft. The commercial derivative of
the J-79 Turbojet is used in the Convair 880 aircraft and is known
as a CJ-805-3 engine. Many other Governmept derived turbo-fans were
transitioned to commercial equivalency and these are alsc listed in
Table 1.

In 1964 the USAF spcrsored two engine developments, one with
General Electric and one with Pratt § Whitney, for the C-5 aircraft,
The final development award for the C-5 aircraft engine was to
General Electric, and resulted in the development of the TF-39
engine. A commercial variation, relatively minor in magn:tude, of
this TF-39 resulted in the General Electric commercial CF6 engine,
currently being used in the DC-10 aircraft. Recognizing the deriva-
tion of this engine from its military prototype, Geneval Electric
has agreed to repay approximately 20 million dollars to the U.S.
Government by means of an assessment on each engine sold for commer-
cial purposes. Tre engine development by Pratt & Whitney was desig-
nated as the JTF-14 and was Government funded for 25 to 30 million
dollars. Upon selection of the G.E. engine for the C-5 application,
Pratt § Whitney elected to develop a modification of the JTF-14 on
company funds. This engine, designated the JT-90, is used in the
747 aircraft.

H. Turbo-Shaft Engines

Several early ts-bo-shaft engine developments were undertaken by
the U.S. Government and they too found application in commercial air-
craft. The T-56 (501-D13) was used in the Electra's, the T-64
(CT-64-820), the T-58 (CT-58), and the T-63 (250-C18) were applied
to many commercial helicopters. The T-64 was also used for the
DHC-5 Buffalo STOL.

A secries of small gas turbine engine developments sponsored
principally by the Army was initiated in the 1950's. Typical of
these were the Lycoming T-53 and T-55 and the Allison T-63. These
gas turbine developments led to the ultimate replacement of the
reciprocating engine as the prime power plant for rotary wing air-
craft and resulted in the present widespread acceptance of the gas
turbine in both military and commercial helicopters.
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Other uses of turbojet and turboshaft engines in the form of
ground power generating units should also be mentioned. Units
employing turbine type engines, ganged to a common output, are in
use as standby or "Topping' generating stations. Units of this type
can sense a power failure, be started quickly, and provide standby
power for emergency purposes. Several turbine engine v riations
have been used as prime movers in the area of pipeline pumping, and
shipboard gas turbine cngines have been developed using the military
turbojet or turbosha:st predecessors as their basis. One very recent
marine and industrial gas turbine, the General Eiectric LM2500,
rated at 25,000 HP, was derived from the TF-39 ccre engine. By
adapting it to burn heavy fuels, treating it against ccrrosion by
salt water, and several other relativcly minor adaptations, it was
ready for proof testing. It is anticipated that the LM2500 will
meet the propulsion needs of commercial and military ships thrcugh
the 1990's.

I. Thrust Reversers

The concept of having a device to reverse the thrust generated
by a jet engine was set forth in patent form in the early 1940's.
This sort of device, hereinafter known as a Thrust Reverser, was
applied to reciprocating engines quite frequently in both military
and commercial applications. The U.S. studied the potential uses of
thrust reversers and seriously considered the use of same in the
mid-1940's, and the U.S. Navy actually flight tested one during this
same time period. The principal drawback to a thrust reverser for a
jet engine is its weight, and considering this penalty, together
with the generally good landing fields available to military air-
craft, its use was deferred in favor of flight performance. Start-
ing in 1953, the USAF became more serious in its considerations of
thrust reversers and undertook several reverser developments, con-
ducted flight tests of same, and produced a "Thrust Reverser"
handbook. The commercial application of thrust reversers became
common with the advent of the early commercial jet powered sircraft,
in order to provide better operating economies. The f:rst military
application of a thrust reverser was on the C-141 aircraft which was
designed to be of primary use as a troop and supply aircraft for
forward operations.

J. Fuels and Lubricants

The development of high octane fuels for reciprocating engines
has already been discussed in paragraph I.B. above. With the advent
of the turbojet engine, it was readily apparent that this type
engine was much less deranding of a fuel. The turbojet engine had
no octane requirement, could burn a wide range of petroleum products,
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and, therefore, could burn relatively cheap petroleum distillates.
The first jet fuel for military cperations was lighting grade kero-
sens such as burned in lamps. Due to the performance capability of
jet engine powered aircraft, deficieucies in this product, such as
inadequate freezing protectios, erratic burning, and carbon forma-
tion were observed. In 1944, a military specification for an air-
craft grade kerosene was prepared and this material was designated
JP-1. Since the quantities of JP-1 (kerosene) were deemed inade-
quate for envisioned military operations, other fuels were developed
and numerically designated such as JP-I and JP-4. Upon the adoption
of jet powered aircraft for commercial uses, these types of fuel were
adopted by the airlines nearly verbatim and are designated as ASTM
Jet-A and Jet-B. The use of Jet-A versus Jet-B is often predicated
on cost and the difference in cost is generally one of whether it is,
or is not, taxable.

A somewhat similar situation existed in the oil development
picture for jet engines. It was recognized at an early date that
petroleum oils would not be suitable for high performance jet
engines, such as the J-57, and a new series of military oil specifi-
cations was developed. Two military specifications, MIL-L-7808 and
MIL-L-23699 were developed for military aircraft and these products
are the ones generally used in commercial jet aviation.

K. On-Board Power Generation

Early military sircraft oparations which i1cquired electrical
power aloft simply used an automobile storage battery which was
charged on the ground, utilized irn flight, and then recharged upon
landing. As enginc development progresscd, gencration cquipment
mounted on the engine, was incorporated to furnish mo:c ani ‘onger
duration needs. Later developments resulted in multi-cngine instal-
lations incorporating voltage regulation, filtering, and capability
for parallel operation. These systems were used in most of the World
War II aircraft and some post World War II commercial reciprocating
aircraft. During this same time period, some military :ircraft
utilized the alternator/rectifier type of D.C. power system which had
a weight advantage and, having no commutator, requir-d less mainten-
ance. These systems, too, were applied to commercial aircraft.

Power requirements for the B-36 were so large as to require a consid-
erabie technology increase in power gencration. To accomplish this,
a 3 phase, 400 cycles, 120/208 volt system, in conjunction with a
Constant Speed Drive was developed. This system, due to the high
voltage, allowed a weight reduction in copper for wiring. The con-
stant frequency alternating voltage produced by the Constant Speed
Drive, together with the 3 phases, allowed the utilization of
reversible induction motors; again, saving weight, eliminating
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brushes, and reducing maintenance problems. The system now in
commercial use by most of the jet powered aircraft can be coasidered
a direct descendent of the system developed for the B-36.

L. *ircraft Lighting

Lighting for the interior of military aircraft progressed from
hand-held flashlights, to shielded incandescent lamps, to indirect
incandescent lighting, to ultraviolet excited fluorescent displays.
Exterior lighting to allow formation flying at night was first used
on military aircraft and landing lights, adapted from automobile
head lamps, were first utilized by military aircraft. Present day
aircraft interior and exterior lighting was derived from these basic
military developments.

M. Runway Lighting

Electrical runway lighting was first applied to military air-
fields. The early lighting systems were of the parallel wire
variety, utilizing household lighting concepts. Early work done by
the military developed a series lighting arrangement utilizing only
one wire, directly buried isolation transformer, and high intensity
lamps. This is the type of lighting system now generally used by
commercial airports. An additional form of runway lighting utilizes
"Strobe' lights and was instituted as a commercial undertaking as an
attention getter. Since commercial airports were frequently near to
inhabited areas, the strobe light voided the frequent problem of
airliners trying to land on brightly-lit residential streets.
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SECTION III

CURRENT AND PLANNED R&D EFFORTS

A. Advanced Technology Engine Development Programs

In 1959, it became evident that the existing propulsion tech-
nologies would not provide sufficient advancement in weapon system
design to satisfy new system requirements.. Component technology
indicated the need for a bold new design approach. In addition to
using the Component Improvement Program (CIP) to increase existing
engine life and solve service derived deficiencies, ¢ new experi-
mental advanced development engine demonstrator program was initi-
ated. This program was called the Lightweight Gas Generator (LWGG)
and had as its objectives to demonstrate the highest possible gain
in overall engine performance. Methods of increasing the compressor
work per stage, combustor heat release, and turbine inlet tempera-
tures were investigated. The demonstrator engine established the
feasibility that propulsion systems could be built with 30-40%
reductions in specific fuel consumption and with thrust-to-weight
ratios up to 10 to 1. This program evolved into the Advanced
Turbine Gas Generator Programm (ATEGG) in FY 1965.

In 1960, it also became evident to the Arry that existing small
engine technology would not provide sufficient advancement in weapon
system capability. A new design apprcach was incorporated to support
the Army's need for effective forward air mobility. The Army initi-
ated small engine component technology investigations and subse-
quently the '"'1500 Shaft Horsepower' demonstrator program, which was
the combination of many of the component technolcogy advancements.
This engine program has demonstrated a 30% improvement in power-to-
weight ratio with a corresponding 25% reduction in specific fuel
consumption.

The results of the ATEGG and APSI (Aircraft Propulsion Sub-
systems Integration--ATEGG's companion program which addresses
system responsive components and airframe/engine compatibility and
integration techniques) programs are just now reaching inventory
application as completely developed propulsion systems. The General
Electric TF39 installed in the C-5A aircraft and the Pratt § Whitney
JT9D installed in the Boeing 747 are the first military and comner-
cial systems to use this new technology. This same technology is
being applied in the propulsion systems for the F-14B, F-15, B-1 and
the McDonnell Douglas DC-10 aircraft. The 1500 Shaft Horsepower
demonstration program, having started later, is about four to five
years from inventory introduction. The technological advancements
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and the high reliability required for future gas turbine propulsion
systems will be obtained under advanced development in the Air Force
ATEGG and APSI programs, the Army STAGG (Small Turbine Advanced Gas
Generator) program and the Navy PCT (Propulsion Compcnent Technology)
and Advanced Propulsion for V/STOL Aircraft programs.

The significant past progress and the availability of inproved
components which have been tested and evaluated in demonstrator
engines will allow projected propulsion system advancements to be
planned with a high degree of confidence. .Figure 1 illustrates the
benefits in engine size and key performance parameters that can be
achieved through advanced technology. However, the development and
application of a new rropulsion concept can require up to 20 years
from inception to Service introduction largely because the needs for
new concepts, although advocated, have not been funded and pursued
early enough in the weapon system conceptual stage.

For free world, non-U.S. countries, Great Britain is expected to
maintain its current technological leadership in the development and
production of aircraft propulsion systems. The Pegasus 11 turbofan,
used to power the Harrier V/STOL aircraft, is the world's {irst pro-
duction lift/cruise engine, and Britain's direct 1ift engire tech-
nology currsntly paces free world state-of-the-art. The British are
also pioneers in the development of three-spool and contr-rotating
compressor designs. British subsonic turbofans -u:h as the
RB.168(TF41) and RB.211, and the supersonic RB.593 ror the Concorde
are having substantial impact in the military and commercial trans-
port aircraft markets in both Europe and the United States.

The turbine engine has been used to power aircraft for just cver
two decades. Although great progress has been made in turbine pro-
pulsion, it is yet in a comparatively early phase of its growth. To
appreciate this fact, it is important to look briefly at the tech-
nology trends for several of the most important performance indices.
Figures 2 and 3 show the progress which has been made and which can
be realized in the future if adequate research and development is
applied to the technological proolems.

In the past, system demonstrator engines were not initiated until
a "firm" system requirement was established. The propulsion system
was then optimized for this specific system requirement and the pro-
gram was oriented to proviie concurrent performance and structural
integrity test verification. 1In this situation, the development
schedule was necessarily very short with minimum advancement of
technology. This type of advanced development approach proved to be
very costly and too often resulted in severe structural/perfcrmance
interrelated problems. Conversely, programs which have been
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3
3

conducted with initial emphasis or performance or flow path defini-
tion, followed by adequate structural integrity testing, showed a
higher rate of achievem.nt at lower cost.

To profit from past experience and to provide for the timely
availability of the advanced propulsion needed to satisfy future
weapon system demands, a new approach has been Jdefined for achieving
the level of confidence required for initiation of engine develop-
ment. It assures the aggressive exploitation and transition of
advanced propulsion technology through improvement of existing
engines or in new engine development programs at a reduced level of
risk and with minimum cost. This approach, illustrated in Figure 4,
is implemented under the Explorztory and Advanced Development pro-
grams and is based upon developing advanced gas generator components
(scalable compressors, ccmbustors, and turbines) and system respons-
ive components (inlets, fans, controls, power turbines, exhaust
nozzles, and augmenters) which have a maximum degree of flexibility.
These programs will also draw upon the technulogy being developed by
NASA in their component and engine programs. These are combined in
an advanced technology demonstrator engine to establish the propul-
sion performance and structural characteristics required for a class
of military systems and to provide for the inlet-exhaust system
design criteria and integration techniques necessary to assure in-
stalled propulsion system performance. This demonsirator engine will
be flexible and scalable in both size and performance to satisfy the
range of characteristics required by che various systems within the
class. Initial test emphasis will be placed on performance defini-
tion with follow-on emphasis on structurai integrity of flightweight
components. Early initiation is justifii.d on the basis of wide
application potential and will provide maximum exploitation of prom-
ising advanced technology. As requirements become firm and attention
focuses on a particular system to meet an urgent military need, one
can proceed directly into engine development or, where the risk is
high, a system demonstrator engine may be dictated prior to engine
development. The additional testing would be predicted upon total
specific system needz. The system demonstrator, tailored to the
specific application, would provide the full and credible performance
and structural integrity verification required as the basis for the
decision to proceed into full scale engine development.

Engineering Development and Operational System Development are
the recipients and the logical progression of the Advanced Nevelop-
ment technology as schematically illustrated in Figure 5. If a
short reaction time is dictated by the system development schedule,
advanced gas generator and system responsive components technoiogy
could proceed directly into the engine davelopment phase with
inberently higher risks.
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There are, at the present time, fifteen Advanced Development

engine p:vgrams. The salient features of each of these programs are
outlined helow.

The first four programs (1 - 4) are being conducted under the
Air Force ATEGG Program.

1. The Detroit Diesel Allison Division is presently running
the GMA-100 gas generator consisting of & high pressure, high effi-
ciency, variable-geometry compressor, short combustor, and a two-
stage turbine. The core is oriented for high efficient transport
type of an engine.

2. The General Electric GE14/J1Bl is presently under test.
The compressor is highly loaded with medium pressure ratio. It has
a carbureting combustor and a single-stage very high temperature
film/impingement air-cooled turbpine. The gas generator is being
developed for the transonic/supersonic category of engines.

3. The Pratt § Whitney Aircraft PRW 535 is undergoing
cyclic test. This gas generator has an advanced transonic compres-
sor with cantilevered stators and drum rotor construction, a premix
combustor, and a high temperature single stage transpiration cooled
turbine. This gas generator technology is being developed for the
transonic/supersonic type of propulsion systems.

4. Teledyne CAE (Continental) is running the Model 440-2
gas generaior. It features an axial compressor followed by centrif-
ugal compressor, vaporizing combustor, and a two stage turbine. The
gas generator technology is being developed for use in engines in

light to medium gross weight logistics aircraft and lightweight
fighters.

5. The General Electric Co. is developing a '"Quiet' engine
under cortract to NASA. The engine, using a CF-6 core with a fan
designed for low noise, operates at a bypass ratio of 5 and produces
22,000 lbs sea level thrust. The rnoise objective of this engine is
15 to 20 PNdB less than a JT3D. Full nacelle treatmert for noise
suppression could vesult in a final noise level of 90 EPNdB for a
four engine aircraft at the FAA FAR36 specified measuring points.

The next four programs (6 - 9) comprise the Army Small Turbine
Advanced Gas Generator (STAGG) Program. STAGG is aimed at advanced
core technology which will support future DoD small engine applica-
tions with primary orientation towards aircraft powerplants and
auxiliary power units (APU), but also towards various other applica-
tions including marine and vehicular engines and electrical power
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generation. The STAGG program was initiated in Nov 71 to demon-
strate performance improvements up to 25% reduction in SFC and 40%
increase in specific horsepower in the 1-5 pps airflow range.

6. The Pratt § Whitney STAGG is in the 3-5 pps airflow
range and features a centrifugal compressor with a close coupled
inducer, an annular radial inflow combustor with air assist atomiz-
ing fuel nozzles, and a single stage cooled axial turbine.

7. The Lycoming STAGG, in the 3-5 .,pps airflow range is a
two-stage axial and single stage centrifugal compressor, a reverse
flow annular combustor with atomizing fuel nozzles, and a two-stage
cooled axial turbine.

8. The AiResearch STAGG is in the 1-2 pps airflow range and
features a single stage centrifugal compressor, a reverse flow
annular combustor with vaporizing fuel injectors, and a radial in-
flow turbine featuring nozzle cooling.

9. The Williams Research STAGG, in the 1-2 pps airflow
range, includes a single stage centrifugal compressor, an annular
combustor with rotating slinger fuel injection system, and a single
stage axial turbine featuring nozzle cooling.

10. The Navy's Propulsion Component Technology (PCT) Program,
as planned, provides for the development of turbine engine components
which will have wide propulsion applicability, and is directed to
support related developments in the V/STOL area. This program is
part of the Navy Aircraft Propulsion (Advanced) Pregram which in-
cludes two other projects: the first of which is Advanced Propulsion
for V/STOL Aircraft, wherein preliminary aircraft and design will be
studied to identify the V/STOL propulsion systems best suited for
weapon system applications; the second project covers an in-flight
fully modulated thrust reverser control system.

11. NASA, in conjunction with the Navy, has a small engine
program. The goals of the program are to develop an engine, in the
less than 10# air/sec class, embodying low cost and, at the same
time, providing a suitable performance for a Navy missile applica-
tion. Design and fabrication of selected components are being done
under contract, then the remainder of the components, their integra-
tion and test, will be conducted "in-house' by NASA.

12. NASA-Lewis also has the Lift Fan Technology Project with
objectives of developing necessary engine and component technology
required to select the most suitable propulc.on system for the air-
craft, followed by a detailed investigation of the selected system.
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Contract and in-house studies will aid in selection of the most
suitable configuration and identify problem areas. Investigation of
certain components (i.e., fans, tip turbine, integral drive fan
turbine, seals) are being made to explore problems now identified.
Component and integrated package programs will emphasize low noise
as a prime objective. Lewis 1esponsibility also includes propulsion
support to the NASA-Ames Lift Fan transport program.

13. The NASA program on a quiet STOL experimental engine is
outlined in Section III-C on Engine Pollution Control.

The last two programs (14 - 15) outlined below are being con-
ducted under the Army's 1500 Jhaft Horsepower Demonstrator turbo-
shaft engine program, which was initiated in 1967. This multi-
objective program was aimed at reducing fuel consumption specifics i
(SFC) by 20% to 25% and increase the power to weight ratio by up to J
40% over current engines in that pcwer class.

e s gt ol

14. The Pratt § Whitney ST-9 demonsirator engine has two
high pressure ratic centrifugal compressors, an atomizing annular
reverse flow combustor, and a two-stage cooled high pressure turbine. {

15. The General Electric GE-12 demonstrator engine has a five !
stage axial and one stage high pressure ratio centrifugal compressor,
a vapcrizing annular flow combustor, and a two-stage cooled high
pressure turbine. General Electric was recently selected to develop
the T700-GE-700, which is a direct derivative of the GE-12 demon-
strator engine.

In addition to the fifteen technology demecnstrators outlined
above, there are several DoD prototype (advanced) engine developments
which are outlined below:

1. Garrett's ATF-3 Engine (XF-104)

The Garrett ATF-3 engine is a three spool turbofan engine
in the 4,000 1b class. This engine development started as a commer-
cial venture. The military picked up the ATF-3 development at a
point where some measure of mechanical integrity had been achieved
to conduct extended development testing and qualification. By this
means the Government capitalized on large commercial investment to
have a qualified engine for future military applications. This
engine configuration is expected to have a lower noise level than
contemporary engines of the same thrust level. Additional acoustic
treatment would further reduce its noise level.

I >
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2. Medium STOL Transport (MST) Engine Development

A new program is being initiated for engine development
ftr a propalsion system suitable for use in an MST aircraft system.
The engine is in the 25,000 1b thrust class and will also be appli-
c:ble to other future subsonic transport or support aircraft. Recent
activities in the 3TOL transport area have clearly highlighted the
ne2d for and advantages of obtaining a new propulsion. This new pro-
pu’sion will provide significant improvements in engine perfcrmance,
thrust/weight, exhaust emissions reduction,- simplicity and maintain-
ability compared to current available engines. In addition, the
untreated noise characteristics of this engine zre specified to be
comparable to the untreated noise levels of current modern turbofan
eng: nes scaled to the same thrust size. These improvements will
allow a Medium STOL Transport aircraft to have significant improved
operating economics and being capatle of FAA certificatien.

G

3. YJ101 Engine Prototype Develnpment

A new program has beer initiated for the development and
flight clearance of the General Electric Company's YJ101-GE-~100
engine. The engine is being deve:oped to provide a candidate engine
in the 14,000 1b thrust class for the Air Force lightweight prototype
programs. This engine has also applications for a trainer aircraft,
high altictude RPV's, foreign salss such as replacement for the F-5
aircraft and others.

B. Aircraft Propulsion Subsystem Integration Program (APSI)

The objective of this program is to assure propulsion system and
airframe compatibility and permit the attainment of advanced perform-
ance ohjectives in future aero“auticzl systems. The scope of this
program includes the development of advanced system-responsive com-
ponents related to inlets, fans, power turbines, augmentors, controls,
and exhaust nozzles; the overall intzgration of these components with
the basic advanced turbine engine gas generator; and definition of
improved inlet/engine/exhaust systew installation design criteria and
integraticn techniques.

The past APSI effort provided (1) a numerical definition and
categorization of inlet/engine distortion characteristics expected
from present and future high performance system applications; (2)
established a technolougy baseline from which future transient engine
accommodation control system can be designed which will automatically
modulate stability margin of a propulsion system for improved trans-
ient response to increased levels of flow aistortion during all
flight conditions; and most importantly (3) established development
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timing, procedures, techniques, and criteria for assessing inlet/
engine stability, that was used as a baseline for evaluation of the
F-15 and B-1 Programs.

The current APSI program includes the following:

(1) The objective of the Advanced Fan Aerodynamics program
is to develop the aerodyramic technology necessary to operate :
turbine engine fans at very high tip speeds; to determine payoffs
and material requirements and to demonstrate operation at simulated
high tip speed. Based on recent successful single stage rotating i
fan cascade rig tests, the effort will encompass fabrication and two |
stage fan demonstration to establish stability and performance char- i
acteristics of these high tip speed aerodynamics under multi-stage
conditions.

(2) The Composite Applications program consists of two
materials efforts. Aero and environmental test and evaluation of
Borsic Aluminum and Boron Polyimide composite fan components in the
F-15/F-100 engine fan rig will be conducted. Also under a second
program composite blades will be designed, fabricated rig and engine
tested for ultimate incorporation in a test aircraft (F4C) to estab- 3
lish the durability characteristics under real flight conditions.
The blades will be manufactured using low cost fabrication tech-
niques.

(3) The objective of the Applied High Temperature Technology
program is to integrate new high temperature turbine materials, such
as Columbium and TD Cobalt alloys, into advanced turbine designs to
minimize cooling flow and efficiency penalties associated with oper-
ation at high gas temperatures. The effort will include the comple-
tion of heat transfer cascade tests and initiation of an optimized
vane material/cooling scheme design. This design should reduce cost
significantly and increase 1ife.

(4) The Fan-Low Pressure Turbine Development program is
directed to providing an advanced turbofan technology base for future
aircraft systems. Multi-stage variable geometry composite fan and
high loaded LP turbines will be designed, fabricated and tested.
This hardware will be directly compatible with the ATEGG gas genera-
tor hardware and advanced control concepts to provide a follow-on
technology demonstrator engine test vehicle to allow efficient and
effective demonstration of the critical propulsion technologies for
the trarsonic/supersonic class of system. This is a two-contractor
effort to ensure a broad base of technology in this critical area
and to allow alternate approaches to reduce risk. Follow-on effort
will include completion of initial engine definition, performance
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simulation, control analysis, aeromechanical tests and design
efforts, and initiation of multi-stage fan and L.P. turbine fabri-
cation.

(5) The objective of the Engine/Exhaust System Integration
program is to develop improved methods for engine cycle and exhaust
system evaluation and selection to ensure realistic performance pre-
diction and achievement in future aircraft/propulsion system instal-
lations. In order to accomplish this objective, two contractual
efforts are underway. The first effort (Development Analysis) takes
a primarily analytical approach to the problem. The program consists
of efforts to determine the relative effects of engine cycle param- i
eters on installed exhaust system performance, the identification of
required airframe/propulsion system time-~phased interface development
requirements and analysis of performance error factors, assessment of
test techniques and bookkeeping procedures for determining installed 1
performance through model testing, and the development of a flexible i
analytical technique which is capable of accurately predicting in- /
stalled performance of various turbopropulsion installations. The
second effort (Empirical Assessment) approaches the problem from the
windtunnel/flight correlation view. Windtunnel propulsion/airframe {
testing, corresponding tc existing flight test data on the F-4 air- {
craft, will be used to provide the data necessary to develop turbojet
and turbofan installed propulsion system correlation techriques.
Jropulsion/airframe model testing will establish improved test tech-
nigues and cnalysis procedures, determine the most practical scale
at which aft-end drag tests can be conducted, and develop a plan for
assessment of procedures. The follow-on effort will involve the
s.«p-by-step execution of the procedures for performance prediction
related to advanced propulsion systems and verification of the cor-
relation of parameters via windtunnel testing.

(6) The objective of the Multi-Mission Propulsion Simulator
program is to improve integrated propulsion/aircraft performance by
develuping small scale ergine test hardware which will allow simul-
taneous simulation of inlet and exhaust flow conditions during air-
craft model windtunnel testing. Based on the analysis of the simu-
lator design flexibility and hardware windtunnel feasibility demon-
stration, a follow-on effort will be initiated to develop the
propulsion simulator into a fully integrated development test tool.

(7) An Inlet-Engine-Exhaust System Integration program will
be inityated with the objective of providing a broader scope of
advanced .echnology for integrating the airframe/propulsion system
of a wid~ class of high performance transonic/supersonic systems.
Based on current APSI/ATEGG advanced component, engine definition
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and installation tzschnology assessments, this effort will assess
advanced test methods and analytical procedures to determine most
effectively installed propulsion/aircraft characteristics, and
develop advanced installation design criteria and guidelines.
Emphasis will be on advanced balance systems providing measurement
of total A/C drag increments, and inlet drag determination using
these test techniques. The above program is based on the results of
the following two efforts.

(8) The Airframe/Exhaust WNozzle Integration program will
help determine the exhaust nozzle integration criteria needed to
minimize the nozzle-aircraft aft-end interactions which increase
drag and reduce range potential cf advanced tactical aircraft. The
program will provide the testing at AEDC of integrated nozzle/aft-end
models in a complete aircraft configuraticn. Various nozzle spacings
and aft-end interfacings will have been tested on complex force
balance models, to determine installed thrust levels over a wide
range of nozzle pressure ratios, area ratios, and Mach numbers.

(9) The objective of the Inlet/Airframe Integration program
is to generate design criteria required for the definition of air-
frame inlet combination having application to advanced tactical
fighter aircraft forebody flow field tests and combined forebody-
inlet tests will be completed shortly. Both steady-state and dynamic
performance criteria were determined for selected configurations.

C. Enginc Pollution Control

Most American built jet engines, until recently, have been prone
to emit highly visible smoke trails when operated at or near take-off
power. The main objection to engines smoking was potential observa-
tion by enemy aircraft during combat maneuvers. To alleviate the
smoking problem, the Air Force and the Navy had investigated the use
of chemical additives to lessen this smoking tendency. The additive
alleviated the smoke but, in turn, since it was an organic-metallic
compound, produced residues (ash) on hot parts of engines which
affected the air flow and caused hot corrosion of turbine buckets.
Work is continuing by the military services on the development of a
fully suitable anti-smcke additive, although the probability of
success appears low. Another approach to preventing turbine engine
smoke is that of modification of the combustion chamber snd its
attendant fuel spray system. Modifications of the burner section of
the J-79 engine have been underway for several years without complete
success to date. The miiitary specifications for engine procurement
have been revised to assure that acceptable smoke limits will be
obtained. It should be pointed out that this does not necessarily
mean the production of absolutely no smoke, but rather tle quantity
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will be below an acceptable visual threshold measured by 2 standard
method acceptable tc both the military and civilian community. The
military, together with the engine companies, have established a new
smoke standard and has been issued as an SAE Standard. Considerable
pressure has been brought to bear on the commercial airlines to
reduce the smoke problem, especially at large airports, and many
engines in the civilian fleet are in the process of being retro-
fitted with "smokeless'" combustors. Similar pressure has not been
brought to bear on military nperations but, since President Nixon's
decree that the federal government would tgke a lead in the pollution
areas, the military wiil follow suit to minimize this tendency of
military engines. As an example, recent engine development programs,
such as the Army's T-700 turboshaft intended for use in the UTTAS

helicopter, require the reduction of exhaust smoke to a non-visible
level.

Another undertaking in the pollution areas is the reduction of
nitrogen oxides emitted by turbojet engines. Present engines emit
measurable amounts of ritrogen oxides due to the temperatures pro-
duced in the combustion chamber section of the engine. Some allevi-
ation of this problem can occur by red:sign of the fuel distribution
system of the combustor. Other potential means of reduction of these
oxides would be by use of fuel additives or perhaps an entirely new
concept of combustion chamber, namely, a catalytic combustor. The
Air Force has R&D programs, which will ccittinue, to investigate the
fuel additive approach and is also rlanning a program to assess tne€
advisability of using a catalytic combustion scheme. NASA is inves-
tigating NOy reduction by means of rapid quenching of primary com-
bustion with secondary air (a short combustor) and/or the use of
water injection. Either of the above concepts would be available to
ccmmercial airlines in the event either became operationally suit-
able.

Perhaps the greatest problem in the pollution area, other than
establishing human tolerances to pollutants, is the dynamic measure-
ment of same. The measurement of any given pollutant under a quies-
cent condition is readily feasible. The measurement of pollutants
issuing from the exhaust nozzle of a turbine engine at speeds near
the speed of sound, and on an instantaneous basis, is extremely
difficult. The Air Force has undertaken a program employing laser
Raman spectroscopy to develop an instrumentation system which will
identify specific pollutants, under dynamic conditions, on a real-
time basis, and in a mobile '"packaged" unit. The first development
will be a mobile ground-based unit, and future developments may
result in ~rn airborne system. In addition to being able to identify
jet engine exliaust species, such a unit could conceivably be used for
assessing day by day degradation of an engine's intcrnal condition,
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or even pe used for a "pclice" type operation which could be used to
insure that aircraft operators were maintaining their engines within
acceptable pollution limitations.

A Climatic Impact Assessment Program (CIAP) is currently being
undertaken by several Government agencies. Under the auspices of the
DoT, this program has as its goal a complete assessment of the impact
of supersonic, high-altitude, aircraft operation on the atmosphere
and subsequently on the entire biosphere. Air Force, NASA, and Navy
participation in z.rea of engine testing, flight emission measure-
ments, and modeling of atmospheric physics, together with industry
aid in engine coafiguration will enable the nation to realistically
assess this problem if, in reality, it exists.

The DoD/USAF has an additional program on the Control of Noxious
Emissions (CONE) wherein all the Laboratories that are narticipating
in the various fields of noise and pollution (smoke, NO,, etc.) are
reviewed and directed so that all existing directives on environ-
mental control are suitably addressed.

The NASA-lewis scurce pollution program encompasses both analyti-
cal and experimental approaches to the understanding and evaluation
of mechanisms involved in the formation of combustor pollutar* emis-
sions (CO, NOyx, and CHx) and in the techniques involved in reducing
the level of these emissions. Analytic efforts include contracts
utilizing existing and modified computer programs capable of analyz-
ing the effects of swirl on combustion stability and pollutant forma-
tion and the formation of pollutants as a function of time and dis-
tance in a combustion process. These efforts will be supported by
in-house experimental programs. Other contractual efforts include an
odor intensity/character study of engine exhaust gases at or near
idle conditions, the investigation of combustor design modifications
intended to reduce pollutant emissions at near idle conditions, and
the effect of steady flow turbulence on pollutant formation. In-
house NASA-Lewis efforts are being directed towards the investigation
of techniques to reduce pollutant emissions of both primary combus-
tors and reheat burners over the complete range of operating condi-
tions including engine idle, takeoff and cruise. The goal of this
program is tco demonstrate a low pollutant combustor in an existing
high bypass ratio engine. In addition to these efforts, a signifi-
cant amount of effort is being applied tn improving the measurement
and understanding of readings involved in the analysis of combustor
emissions.

The Army has established an aircraft emissions reduction program
with the objectives of defining pollution abatement requirements of
Army aircraft gas turbine engines and providing emissions reduction
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technology to meet those requirements. The overall approach is to
measure the emissic..s of present and advanced technology prototype
Army engines, to establish, by coordination with the EPA, emission
level targets, and to conduct research and exploratory developwmant
of promising reduction concepts, culminating in demonstration of
compliance with the reduction requirements.

D. Noise

1. Department of Defense

a. Army:

The primary emphasis of Army acoustics efforts is in the
areas of helicopter aural detection and reconnaissance/surveillance
aircraft. Currently,the Army is engaged in the Y03-A Aircraft Pro-
gram with Lockheed Corporation to develor a quiet reconnaissance/
surveillance aircraft. After their successful Quiet Airplane Program
(the Army YO3-A is a successor to the ARPA QT-2 quiet airplane) the
Advanced Research Projects Agency (ARPA) sponsored the Quiet Helicop-
ter Program. It resulted in a quiet version of the Army's OH-6A
helicopter. The quiet OH-6A, nicknamed the Quiet One, has an ex-
ternal, overall noise level of 18-20 dB less than a standard OH-6A in
a hover and 14dB less in cruise flight. The distance from a possible
listener to the helicopter, when it is first heard, is therefore
greatly reduced (7 to 1 reduction). In a low level approach this i
would give the enemy much less time to fire upon it. The acoustics
research conducted under this program has indirect application to the
noise abatement problem. Research efforts include quiet propellers,
piston engine roise suppression techniques, aural detectability
studies, and the refinement of aerodynamic noise prediction tech-
niques. Another Army program is currently being pursued on advanced
technology V/STOL propeller critical components. This program will
include the design, fabrication and test of high risk, high gain
components for a 2000 SHP lightweight V/STOL propeller system. 1n-
cluded will be: (a) the use of borsic-aluminum composite material for
the blade retention system; (b) a titanium lightweight hub and (c)
large diameter duplex tapered roller main bearings for hubt to pro-
peller reduction gearbox interfacing

b. Navx:

Very little acoustics work is currently on-going within |
the Navy. Efforts are limited to quiet propuision studies for the
TRIM aircraft (Trails and Roads Interdiction Mission) and studies
related to the noise environment of current aircraft carriers.
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C. Air Force:

A considerable effort is currently underway within the
Air Force in the areas of Bio-acoustics, Props'lsion Acoustics, Air-
craft Acoustics, and Aircraft Noise Measurements. These efforts are
described by organization.

(1) Air Force Office of Scientific Research

Dynanics of Flow Fields ,

Strategic bombardment, tactical operations, and
logistic support are AF functions which require the use of high per-
formance flight vehicles. The operation of such vehicles produces
» intense noise from sources associated with propulsion systems and
! from noise and pseudonoise soucces associated with flight through the
" atmosphere. This noise causes degradation in human performance,
reduced reliability of structural and equipment subsystems, and in-
creased maintenance. Because of a lack of a basic understanding of
the physical behavior of high intensity sound, rational noise control
and avoidance is difficult. The Air Force Office of Scientific
Research maintains basic research programs aimed at achieving a
better understanding of aircraft noise generation processes.

(2) Air Force Flight Dynamics Laboratory

Prediction and Control of Aircraft Noise

The Air Force Flight Dynamics Laboratory is
conducting exploratory and advanced development work in aircraft
acoustics, including noise contvol within vehicle interiors and sonic
fatigue. The Laboratory has an extensive capability in theoretical
acoustics, data management and analysis techniques, and experimental
methods. Aircraft acoustics efforts include evaluation and predic-
tion of sound field characteristics encountered by flight vehicles;
design, development, operation, calibration, and maintenance of
acoustic instrumentation and data analysis systems; and aural detect-
ability studies related to quiet reconnaissance/surveillance air-
craft. The Laboratory also maintains a number of in-house facilities
for acoustic research. Detailed discussion of the Fiight Dynamics
Laboratory programs is outlined in Section III-D in Appendix 6.
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(3) Air Force 6570th Aerospace Medical Research

Laboratorz

Effects of Operational Noise on Air Force Personnel

Noises experienced by Air Force personnel are
the most severe in existence, creating potential problems for hear-
ing, voice communication, performance and other bedy functions which
threaten mission accomplishment. Noises from sources such as large
rocket boosters, aircraft engines and ground support equipment con-
tinue to increase in number and intensity. The primary objzctive is
to control acoustic exposures of Air Force personnel and neighbors
within safe and acceptable limits through research directed to defi-
nition of hazardous noise, determination of elfects cn hody function
and on performance, establish principles and devices to counteract
adverse effects and specify exposure limits in the form of tolerance
criteria to control overexposure. Major emphasis is on in-house
research with minimal supplemental efforts by contract. Coordina-
tion occurs with the Army, Navy, NASA, FAA and DoT.

(4) Air Force Aero Propulsion Laboratory

(a) Preopeller Technology

Significant propeller system technology
advancement is an area of major importance for .//STOL and light air-
craft. The propeller technology task consists of three areas: (a)
iightweight propeller and propeller/gearbox development; (b) improve-
ment of propeller aerodynamic performance and anzlytical prediction
techniques; (c) prediction and reduction of propeller and gearbox
system noise. More specifically, near term areas of concern are:
decreasing propeller/gearbox system weight through the use of high
strength-to-weight ratio materials and composites; improving propel-
ler system performance through the application of cyclic pitch and
variable geometry; improving basic airfoil design for optimum per-
formance; determining accurate static thrust prediction methods;
improving noise prediction techniques through improved basic noise
source theory; and improving propeller noise scaling techniques and
noise reduction through utilization of unique propeller designs
based on noise source theory information.

(b) Propulsion Acoustics

With the advent of larger and more powerful
military a‘rcraft propulsion systems, it becomes increasingly appar-
ent that appropriatc steps must be taken to alleviate the noise
problem. Engine noise levels must be reduced in order to provide a
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sate working environment for ground and filight crews, to alleviate
the problem of acoustically induced structural fatigue, to redu:e
the possibility of aural detection during combat operations, and to
improve the general community environment around military air bases.
In order to achieve the apparently diverging goals of low noise and
high performance, continuing research efforts to develop a better
understanding of the basic mechanics of noise generation are
required. Further discussion is contained in Section III-D, Par D-4
(Sonic Fatigue).

The Aero Propulsion Laboratory maintains a
comprehensive propulsion acoustics research and development program
consisting of contracted and in-house efforts. The overall objec-
tive is to develop the technology base necessary to significantly
reduce aircraft propulsion system noise with minimum associated
performance and weight penalties. The work efforts under this task
are directed toward two specific goals:

1. Development of quiet propulsion for
reconnaissance/surveillance and special operations aircraft, and

2. Reduction of propulsion system noise
to support current Government noise abatement efforts.

(8) Air Force Weapons Laboratory

Computer Noise Exposure Forecasting

The objective of this project is to review
the methods in AFM 86-5, Land Use Plening with Respect to Aircraft
Noise, to predict local comm:. %y w2,ponse to changes in noise levels
resuiting from Air Force .ircraft operations. Future application of
these new methcds will -.1low the locating of new aircraft to bases
and the controlling of other iircraft operations in a manner to
minimize noise disturbances. The approach taken will be to modify
the Federal Aviation Administration's computerized noise exposure
forecast (NEfF) technique to allow it to predict the effect on the
local community of noise caused by Air Force aircraft operations.
Thus far AFRL has advertised for qualified researchers and is in the
final stages of completing a procurement package. Coordination is
being accomplished to conduct AMRL in-house noise measurements on
Air Force Aircraft in operation.

(6) Aeronautical Systems Division

A number of programs have been initiated to pre-
vide demountable and portable noise suppression equipment for use
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durirg ground maintenance run-up operations of turbine-powered air- {
craft and engines on test stands. These programs will cost approxi-
mately 26 million dollars through FY74.

2. Department of Transportation (FAA)

The efforts of the Department of Transportation are
divided into various programs as follows:

a. Noise Reduction and Control - Source:

The work for this program involves the investi-
gation of the parameters that cause or influence the actual genera-
tion of noise emanating from aircraft, plus development of guide-
lines for changes to the engine hardware to minimize this noise. In
aadition, the effort will include development of equipment or
devices necessary to be installed, attached, or actually built into
engines of various designs to suppress that noise which is generated.
Included are studies to improve techniques of noise measurement,
data reduction and analysis, plus refinement of yardsticks for eval-
uation and rating of various levels of aircraft noise.

b. Noise Reduction and Control - Transmission Paths:

The work for this program concerns efforts to
minimize the noise by proper consideration of the paths the noise
takes to travel from its source to the receivers. The work will in-
volve devziopment of optimum safe operational procedures designed to
minimize noise. The studies will cover the aircraft performance
characteristics, the safety aspects of noise abatement procedures,
as well as the noise exposure that results from various flight pro-
files and ground operations. Included are studies to improve tech-
niques of noise measurement, data reduction and analysis, plus
refinements of the yardsticks used for evaluation and rating of
various levels of aircraft noise.

¢. Noise Reduction and Control - Receiver (Human

Response:

The work for this program concerns efforts to
reduce, control, and evaluate the noise at the receiving end. The
work will involve developing and refining acceptable yardsticks for
evaluation and rating of various levels of aircraft noise, and the
development of guidelines for planning for and control of the
residual noise inherent in a‘rplane operations.
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d. Systems Analysis:

The work for this program involves a systematic
study of all aspects of the aircraft noise abatement program. 7The
individual and collective impact of the technical, economic, social,
political, operational and psychological considerations of the
problem are to be quantified and/or qualified for use in cost effec-
tiveness studies relating to the selection of decsirable alternative
solutions. This program, in total, will supply background and sup-
port to rulemaking decisions, certificatiop standards and proced-
ures, operational procedures, land use guidelines, and other abate-
ment programs.

e. Sonic Boom Generaticn and Propagation:

The objective of this program is to accuire addi-
tional knowledge of the fundamental factors of sonic boom generation
and propagation in order to design aircraft in such a manner as to
eliminate or minimize the sonic boom on the earth's surface. Sub-
programs provide for research in the theory of new councepts in air-
craft design and make provisions for wind tunnel and other labora-
tory experiments. Thre effect of the atmospheric action on the form
of the sonic boom signature is also being explored. This work in-
volves investigation of parameters that influence the shock wave,
impreving methods of predictions and theoretical computation of the
nagnitude of sonic boom, arrangements of aircraft configuration with
eiphasis on exploration of nonconventional or exotic concepts; the
identification of characteristics of the influence exerted on the
sonic boom trace by the atmosphere under varying conditions of
temperature, density, turbulence and humidity; and effect on the
signature trace of man-made and naturai topographical features.

f. Human Response to Sonic Boom:

The objective of this program is to more accu-
rately determine the effects of sonic boom on the whole man. This
work involves short-range ard :iong-range investigations of the
psychological, physiological, and sociological factors. The ulti-
mate purpose is to provide definitive guidelines upon which to base
engineering decisions with respect to aircraft design and appropri-
ate information on which to base regulatory programs.

g. Animal Respense to Sonic Boom:

The objective of this program is to determine
short- and long-range effects of sonic boom on wild and domestic
birds and animals and aquatic life forms. It includes theoretical,
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laboratory, and practical 'barnyard" studies on selected critical
species to analyze the behaviorai and reproductive effects, if any,
to provide data for regulatory purposes.

h. Structural Response to Sonic Boom and Sonic
Boom Instrumentation:

The objectives of this program are to determine
the effects of isolated and repeated sonic booms on structures since
this type of impact has not been previously, considered in structural
design. It includes the development of special instrumentation.

New techniques for a dynamic system analysis must be developed that
includex varying forms of sonic boom signature, materials, geometry,
and boundary conditions. Studies will be conducted primarily

throu;h simulation and, where possible, under field conditions.

This data will contribute to the knowledge needed for the engineering
design of aircraft and in the regulatory process.

3. National Aeronautics and Space Administration

The largest fraction of NASA's aircraft noise abatement
effort is directed toward reducing noise at the source. Source
noise reduction includes basic research in jet noise, turbomachinery
noise, and duct acoustics. Present efforts in jet noise research
are aimed primarily at understanding the complex noise producing
mecharisms in the turbulent shear mixing zones of high- and low-
velocity jet streams issuing into ambient air.

Research in turbomachinery noise is directed to the inter-
actions of blades and vanes with the turbulent wakes of adjacent
stages. Other work is investigating the processes of wake develop-

ment, the means for wake control, and the fluid mechanics of edge-
tones.

Research in duct acoustics is directed toward developing
analytical techniques for predicting the noise attenuation provided
by acoustically treated ducts. The analysis includes the physical
size and shape of the duct, the sound frequencies and amplitudes,
the duct wall acoustic impedance as a function of frequency and
amplitude, and the duct flow velocities and characteristics.

A new Noise Research Facility, being constructed at Langley,
will be completed and ready for useful research during the latter
part of 1973. In the Noise Research Facility, provisions have been
made for studying the acoustic properties of materials, and the
dynamic response of structures to noise excitation. In addition,
provisions have been made for evaluating materials, devices and
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techniques for noise reduction, and research will be conducted on
the reactions of people to aircraft noise.

NASA's source noise reduction technology prirams can be
described by their applicatior of aircraft type: subsonic, includ-
ing CTOL, STOL and VTOL, and supersonic transport. Principal noise
reduction activity in the past has been related to £™.L and super-
sonic transport noise reduction, but work in STOL noise abatement
has now received additional emphasis. A major por:ion of NASA CTOL
work has been the Experimental Quiet Engine Progran.

The first acoustic tests of the CTOL Experimental Quiet
Engine were completed in Ncvember 1971 with excelieni results. In
an unsuppressed baseline configuration thc noise levels were the
equivalent of at least 3 EPNdB lower than the original target of 15
to 20 PNdB below the noise level of 707/DC-8 aircraft. The Quiet
Engine without nacelle suppression surpasses FAR 36 new aircraft
requirements by 6 EPNdB. With suppression, the noise levels are 15
and 13 EPNdB lower than FAR 36 for takeoff and approach, respect-
ively, of an aircraft at a gross weight of 148,000 kg. These levels
are 25 to 30 EPNdB below those of current narrow-body jets.

in FY 73, the CTOL Quiet Engine test program will be com-
pleted at Lewis and will include testing of the engine with an
optimized acoustic nacelle which is expected to show further im-
provement in acoustic performance.

Substantial progress has been made in noise technology
progrems since the initial CTOL Quiet Engine design decisions wer
made in 1969. Jet noise correlations have been improved and a firm
data base for fan noise prediction has been developed. The feasi-
bility of substantial reduction of the fan noise of the high bypass
ratio engire, matched with similar reductions in jet noise, has been
demonstrated. The result is that it now appears possible to design
an advanced version of the CTOL Quiet Experimental Engine called
CTOL Experimental Quiet Engine Mark II, which will incorporate all
the advances in technology and will have a more nearly optimum
trade-off between noise reduction and installed weight penalty.

Studies to seek an optimum configuration for this experi-
mental engine are plannec for FY 73. These studies will be used as
a basis for selection of CTOL Quiet Engine Mark I! design character-

istics and to develop the necessary program planning information for
an experimental engine program.

No current aircraft jet propulsion systam exists today which
can fulfill the SIOL aircraft noise goals of 95 EPNdB at 500 feet.
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NASA has initiated a program to develop the technology for propul-
sion components and systems meeting anticipated STuL application
requirements for noise and pollution and which minimize the perform-
! ance, weight, and cost penalties to achiuve these requirements. The
NASA Quiet STOL Propulsion Technology Prograin consists of three

4 major parts: (1) support of the NASA Quiet Experimental STOL Trans-
] port Research Airplane {(QUESTOL); (2) supporting Research and Tech-

- nology for Quiet Clean STOL Propulsion Components and Systems; (3)
Quiet Clean STOL Experimental Engine Design Studies. The QUESTOL
program support effort is exploring feasible noise reductions for a
4 TF-34 cangine installation. This engine is a high bypass ratio
turbofan applicable to the externally-blown-flap (EBF) configuration
for the QUESTCL program.

The supporting research and technology work for quiet, clean
STOL propulsion comporients and systems is determining the unsup-
pressed and suppressed noise and aerodynamic performarnice character-
istics of fans over a range of design parameters applicable to EBF
and augmento.- wing STOL aircraft. System-installed performance will
also be deteimined in wind-tunnel tests at both low and high speeds.
This information will permit engine design and cycle selections to
provide an optimum balance between noise reduction and performance. 1

e it vt
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The Quiet, Clean STOL Experimental Engine design studies are
closely related to associated STOL aircraft system studies. The
propulsion studies will establish the design characteristics and
program plans for the development of one or more quiet clean STOL
experimental engines.

NASA-supported aircraft studies indicate that lift-fan pro-
pulsion systems are th2 mcst promising ones for future civil VTOL
aircraft. Noise considerations are crucial to the design of accept-
able 1ift fans for commercial application, and a major decrease in
noise level is required to permit the exploitation of their small
field capability. The technology to accomplish the needed noise
reduction is not yet in hand; this motivates much of NASA's present
STOL noise work.

Research on the VTOL lift-fan noise problem is progressing
at both Ames and Lewis Research Centers. Analytical and experimen-
tal lift-fan noise studies have been made and tests to measure
flight characteristics of such fans have been conducted in the Ames
40x30-foot wind tunnel. A new vertical 1lift engine facility is
under construction at Lewis and will be operational in about one
year. Advanced lift-fan design concepts will be tested in the
facility to establish the needed technology for VTOL noise reduc-
tion,
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The viability of a future U.S. supersonic transport will
depend at least on the achievement of acceptably low noise levels.
NASA is continuing a basic research and technology effort on high-
velocity jet mixing noise, which is the dominant noise source in a
supersonic transport propulsion system. NASA is studying new nozzle
concepts to reduce the thrust loss and increase the effectiveness of
jet noise suppression. A flight test program is being conducted at
Lewis Research Center using an F-106 aircraft as a test bed for eval-
uating the nozzle designs.

For the helicopter, continuing studies at the Langley and
Ames Research Centers are leading to improved correlation of flow
dynamics, structural dynamics and noise. These studies offer con-
siderable promise for the design of helicopters with improved
vibration and noise characteristics. Large-scale rotor tests of
advanced designs are planned in the NASA rotor whirl tower and in
the 40x80-foot wind tunnel.

E. Aircraft Fire Protection

The DoT/FAA and the DoD/USA/USN/USAF have been, for several
years, investigating the use of "safer' fuels for aircraft. Several
approaches for making a fuel '"safer" have been investigated. The
FAA and USN investigations have been directed towards the devclop-
ment and test of gelled fuels. These result in a fuel which. in the
event of an aircraft crash, have much less spray and mist fu.mation
and hence are, from that standpoint, less flammable. The Dol has an
interest in "safer" fuels from the standpoint of gunfire vulnerabil-
ity and, to a lesser extent, from crash situations. Investigations
of gels and einulsions, by the Army, have resulted in fuels with
greater safety. The USN has for nany years used a jet fuel with a
very high flash point (140°F or above) to provide much greater
safety in fuel operations aboard aircraft carriers. The development
of a "safe" fuel would be of much interest to commercial airline
operators, provided the material could be economically produced and
utilized in aircraft without excessive modification.

The engine nacelle of jet-powered aircraft furnishes a great
potential as a source of serious fires. The proximity of a plenti-
ful supply of fuel, together with numerous potential ignition
sources, requires that a system capable of detecting fires at the
carliest possible moment be incorporated into the nacelle. Current
practice on both military and commercial aircraft is, generally, to
use either a single or dual loop overheat detection cable. This
cable, when suitably heated, notifies the pilot of this ov« at
condition. A study has shown that the pilot's indicater for over-
heat is actuated 80% of the time when there is no fire. It has also
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been ascertained that when a fire is present, this system has given
a pilot indication only c¢hout 50% of the time. Work has been con-
ducted by the Air Force tor approximately four years on a new con-
cept of fire detection kno.n as the Integrated Fire and Overheat
Detection System, which cousists of a multiplicity of infrared,
ultraviolet, and overheat sensors, and a nominal number of these
sensors would be about four. The output of the sensors is channeled
to a small logic network and thence to a pilot's readout. Due to
the location of the sensors ard the ability of the logic network to
differentiate malfunctioning sensors and a fire, the pilot indicator
will be energized and read out in an alpha-numeric display the spe-
cific signal of FIRE or FAIL, thus affording the pilot the opportun-
ity to go to the emergency mode and still havz a degree of assurance
that he still has a workable fire detection system. This system has
row completed prototype development and is under flight test in
C-135 and Convair 880 aircraft. [t is proje:ted that essentially
all commercial aircraft, at some future date, will utilize this
system or some variation thereof. The U. S, SST was planning on
using a variation of such a fire detection system and the Concorde
utilizes many elements of this cuncept.

The problem of fire detection in inhabited spaces, such as cock-
pits and freight compartments of carge aircraft or in spacecraft,
also poses a problem. A recent USAF development on a new concept of
smoke detection has been developed by a !USAF employee which utilizes
specific back scattering of light. This unit is nearly 20 times as
sensitive as present smoke detectors. Its incorporation into future
spacecraft, military cargo aircraft, and commercial aircraft, is
almost a certainty.

Another aspect of aircraft fire protection which has received
considerable attention in the last four years is that of fire and
explosion suppression. Several systems are currently in use for
explosion suppression such as the freon system used in commercial
aircraft fuel vent lines. Development of this unit was hastened by
an incident wherein a commercial airliner was struck by lightning
and subsequently destroyed by the resultant explosion. USAF combat
losses in Southeast Asia were considerably reduced by the incorpora-
tion of fully packed fuel tanks containing a reticulated poly-
urethane foam which served well to prevent catastrophic explosions
due to ground-fire projectiles. Another approach to preventing fuel
tank explosions is that of inerting the tank ullage space with a
non-combustiblas gas. Commercial systems have considered nitrogen
inerting. This system, however, requires logistic support with
liquid nitrogen which is not generally available world-wide to the
military services. The USAF is also developing an on-board inert-
gas generation system. Catalytic combustion and oxygen absorption
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techniques are being investigated. This system has the potential of
lighter weight per tank volume protected than does either the
packed foam or nitrogen system. When fully developed, either of
these concepts would well be considered by commercial operators.
The NASA has had considerable success in the development of flame
retardant foams and intumescent coatings and paints. Intumescent
materials expand many fold upon the application of heat, thus form-
ing an effective heat transfer barrier which reduces the damage
potential to structures of intense fires. This material, tc , will
undoubtedly find many applications in enging nacelles of comacrcial
and military aircraft.

F. On-Board Power Systems

The military services have been investigating a new concept in
power generaticn known as VSCF which is an acronym for Variable
Speed Constant Frequency. The Navy and the Air Force have been
alternately funding this program for approximately ten years. The
3-phase system, previously discussed in Section II, requires the use
of a constant speed drive to maintain constant frequency output with
varying engine speed. In the VSCF concept the alternator is driven
at engine speed (or some multiple thereof) and therefore produces a
frequency output which varies with engine speed. This variable
frequency output then is put through a synthesizer which first dis-
sects the generator output and then reconstitutes it at a constant
400 cycles per second frequency. Recent developments in higher power
solid state devices, together with better generator designs, have now
made this concept competitive with the 3-phase/CSD devices. It is
interesting to note that the S3T had planned to use the VSCF generat-
ing system. Since the demise of the SST, arrangements have been made
with Boeing, through the Department of Transportation, to run tests
on the VSCF hardware, hopefully to the 10,000 hour point. The B-1
production is considering the use of VSCF., It ca: be seen that the
VSCF concept was developed to a point with military funding, thence
transferred to Government civil funding, and with the advent of
translation to the B-1, would be transitioned back to military fund-
ing.

The development of on-board power systems, as outlined in Section
11, was noted as having considerable development in the generation
area. The switch gear, however, remained quite similar in all air-
craft in that the generated current was run through the crew compart-
ment where switches or circuit breakers were available, and thence
routed te the power using equipment. The necessity for many
thousands of feet of heavy copper wiring results from this practice.
A new concept of power switching will be the use of solid state
switch gear located immediately adjacent to the device to be powered.
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This solid state switch, in turn, is '"triggered" by a relatively

m 1wte voltage which can be supplied through a considerably swmaller
conductor and thus results in a large weight (copper) savings.
Another advantage of this system is the potential for multiplexing
which is a concept wherein several signals can be transmitted by a
single wiring system by rapid and alternate insertion of these
signals in a preprogrammed sequence and subsequently decoding them
for use by various units, Additional features of the solid state
switch gear are many; faults can be detected and the current shut
off in a few or even a single cycle of power, since the wires are
small a redundant system may be used to enhance survivability or
ircrease reliability, and the entire system can be routed through a
preprogrammed computer to provide sequencing functions and even
self-checkout. The B-1 aircraft will use this multiplexing concept
but will retain the electromechanical switch gear. Growth varia-
tions of the B-1 and other military aircraft, as well as civilian
aircraft of the future, will undoubtedly use solid state switch gear
after it has been proven by the military.
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SECTION IV

SUMMARY

Throughout the history of aviation, propulsion has been the
pacing sub-system in the development of aircraft with increased capa-
bility. The development of the high-output reciprocating engines of
the World War II era enabled the Allied nations to secure a.r suprem-
acy. These engines, produced by a highly Government subsidized
industry, were utilized in cormercial aircraft in the decade follow-
ing World War II. The turbojet engine, with its variations of
turbofan and turboshaft types, was spawned in the World War II era.
Its development, up to the mid 1960's, was totally financed by the
military, or by profits derived from military sales. With the advent
of turbine powered commercial aircraft, engines devcloped by the
military, or minor variations thereuf, were adopted for this use.
Many persons have nbserved that Government development efforts have

led to virtually every major advance in aircraft (jet) engines, both
military and civil,

Due to the Gevernment methndology of jet engine development, a
firm technology base on advanced engine components, together with
frequent "demonstrator' engines has been established. Fron this
building block approach, engine developments for specific aircraft
have been, and will continue to be, rapidly executed with large
savings of both cost and time.

The Government funded programs on propulsion technology, along
with developments in allied fields (on-board power, fuels and iubri-
cants, etc.) are expected to fully provide civil aviation with a
complete base of technology meeting nearly all of their future pro-
pulsion needs; for example, the NASA studies on propulsion require-
ments for an Advanced Technology Transport (ATT) as envisioned for
CTOL operations in the late 1970's. It should be noted that 'pro-
pulsion" is not of necessity limited to aircraft. Government
developments on turbo-shaft engines, for instance, would be equally
applicable, or adaptable, to motor vehicles. Programs on fuel cells
can be used in ground power stations, and battery developments would
be applicable to non-polluting autos. In the propulsion and power
arca, no divergence in military and civil technology needs are fore-
seen, and the contributicns from Government RED can be expected to
continuc to be great.
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SECTION I
INTRODUCTION

Meteorological research and development is probably the least
understood or appreciated scientific endeavor that has made the U.S.
civil air transport industry, during the past 50 years, the dominant
force that it is in today's free world. The fact is inescapable
that this industry has benefited immeasurably from meteorologicai
RGD efforts funded by several governmental agencies including the
Department of Commerce (DoC), the Department of Defense {CoD), the
Department of Transportation (DoT), the National Aeronautics and
Space Administration (NASA) and each of their appropriate organiza-
tional predecessors. Knowledge of weather is essential for the safe
and efficient developnent and operational employment of aircraft.
Since the mid 1920's, with the genesis of the first modern United
States Standard Atmcsphere, to the near future, with the advent of
fog dispersal at air terminals, these agencies continually contribute
to aviation's progress. Either independently or jointly, they have
spent, or plan to spend, hundreds of millions of dollars on a
multitude of programs. These programs benefit civil aviation,
either directly or indirectly, and help to insure the safe, efficient,
and economical employment and production of aircraft. In the sections
of this appendix that follow, significant contributions to aviation by
meteorology in several general areas include:

. Weather observing and forecasting.
Weather data dissemination.
. Weather equipment,
Weather data processing by electronic computers.
Application of weather information and computers
to provide such services as computer flight planning

for modern day aircraft

Atmospheric pollution.

Significant advances in meteorology can be credited to U, S.
military programs, to non-military programs, and to jeint military/
non-military programs. Consequently, this appendix includes sections
on Military (DoD), Civil (DoC, DoT, and NASAj, and Joint Military/
Civil Advances in meteorological RgD.


http://www.abbottaerospace.com/technical-library

SECTION II
SIGNIFICANT ADVANCES SINCE 1925
The Department of Defense (DoD) is charged with the responsi-

bility to develop and operate various weapon systems to perform
a key role in ensuring national security. The Department of Commerce
(DoC) has the responsibility to provide numerous weather services to
a host of users, naticnally and internationally. The Department of
Transportation’s (DoT) responsibilities include supporting and
regulating all elements of civil aviation systems. The National
Aercnautics and Space Administration's (NASA) charter includes an
obligation to provide aeronautical research and technology for all
aviation systems. As a consequence of heavily funded efforts by all
of these agencies, several incdustries, including the civil aviation
industry, have accrued several significant benefits. In the follow-
ing sections, some of the significant efforts that have benefited
the civil aviation indurtry as a result of meteorological R&C pro-
grams by DoC, DoD, DoT, and NASA are identified. These R§D programs
include:

Vertical Scunding Equipment.

Aerial Weather Keconnaissance.

Weather Radar.

Severe Storm Forecasting.

Weather Facsimile.

Environmental Data Buoys.

Automated Weather Network,

Computer Flight Plans,

High Altitude Radiation Environment Studies,

Weather Satellites.

Wake Turbulence.

Standard Atmospheres.

Atmospheric Turbulence,

_ . o4
Numerical Weather Prediction. 9



http://www.abbottaerospace.com/technical-library

= ok

WA RN RN N gy TR RV A e R
-

T PROVIBED BEY-THE “ABHDOT £ R R O S

Visibility Measurements at Airports.
For this appendix, all meteorological R§D advances by DoD are
referred to as Military; all advances by DoC, DoT, and NASA are
referred to as Civil.

A. Military Advances

1. Vertical Sounding Systems

Botk military and civil aviation require a knowledge o
the state of the atmosphere to plan and conduct their operations.
In order to provide this knowledge, the meteorclogist requires de-
tailed information on the current horizontal and vertical distri-
bution of meteorological parameters. Within the atmosphere, this
information is gathered mainly threough the use of vertical sounding
equipment.

a. Early Development

Prior to 1936, upper-air meteorological data was
obtained mainly by the U. S. Weather Bureau by large box kites and
balloons. In addition, special military aircraft, assigned to
weather flights, obtained upper-air data but the data was limited
to the aircraft's maximum flight altitude. Starting in 1925 for
example, weekday flights to an altitude of 10,000 feet to obtain
weather data and to test upper-air sounding eouipment began at the
Naval Air Station, Anacostia. In the following year, the schedule
was extended by the Navy to include weekends with the altitude
being increased to 15,000 feet. This method of data ccllection by
aircraft was slow, inaccurate, and relatively costly in both money
and manpower.

In 1936 the Army, Navy, and Weather Bureau endorsed support
tor the National Bureau of Standards (NBS) to develop a radio
meteorograph. Later renamed radiosondes, these instruments were
sent aloft on free balloons to measure pressure, temperature, and
humidity of the upper atmosphere and transmit the data to ground
stations for use in weather forecasting and flight planning.

In 1943 the Army devzloped a radio theodolite (SCR-658) which,
when used in conjunction with a radiosonde, provided information
necessary to calculate the wind speed and direction at various
altitudes through which the balloon ascended. Since that time,
there have been various refinements to both the flight and ground
equipmert. The complete system consists of three major components:

iy agd bla e
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(1) Flight equipment including meteorological
sensing elements, radio transmitter, and
balloon.

(2) A ground direction finder for precise angle
measurements.

(3) Ground recorders or data presenfation
equipment.

Most individual radiosonde soundings now top-off at altitudes
in excess of 160,000 feet.

b. Flow of Technology

Early developments in the field of vertical sound-
ing svstems were combined efforts of many agencies with the tech-
nology available to each. Later advances, such as Ground
Meteorological Direction (GMD) equipment, were developed by the
Army in 1948 and adopted by the U. S. Weather Bureau in the mid
1950's.

c. Civil Aviation Benefits

During World War II, a phenomenon of great im-
portance to meteorology and aviation was first discovered by B-29
aircrews and military meteorologists concerned with bombing raids
over Japan. This phenomenon is the jet stream, a concentrated
narrow stream of strong winds in the upper atmosphere. The de-
velopmenit of the GMD in 1948 contributed to a better understanding
of the jet stream and its relationship to modern jet-powered air-
craft. Secondly, the radiosonde technology, including the GMD, has
direct application to weather forecasting for both military and
civil aviation. Thirdly, the meteorolegical data obtained with the
radiosonde contributes in determining aircraft performance
characteristics and aircraft operating efficiencies.

d. Subsequent Developments

In the early 1960's the Army completed somc major
changes in the GMD-1 system which became the GMD-2. Further re-
finements by the Air Force of this second generation system
produced the GMD-2A. Further development work by the Air Ferce
Lastern Test Range produced the GMD-4.

e. RGD Costs

(1) NBS radiosonde in late 1930's - $200,000 (esti-
mated).
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(2) oMD-1 in 1948 - $400,000. ~ 7’

(3) GMD-2 early 1960's - Not available. ‘

(43 GMD-4 in 1964 - $120,000.

2. Aerial Weather Reconnaissance

The field of aerial weather observations by trained
military weather personnel has advanced from a nonexistent capa-
tility in 1941 to the present day world-wide yeconnaissance system
employing highly trained personnel and sophisticated equipment. This
reconnaissance capability has expanded to cover tropical storms,
including hurricanes and typhoons, and nuclear debris sampling. Such
reconnaissance has provided invaluable weather observations and
knowledge of tropical storms for improved weather forecasts and
information of weather effects on aircraft.

a. Early Development

Available records reveal that probably the first
written recommendation for the establishment of Army Air Corps
weather reconnaissance units was contained in a memo from the Chief
of the Air Corps to the Chief of the Air Staff, on 28 November 1941,
which recommended that ''steps be taken to organize a number of
weather reconnaicssance units with the required trained weather
personnel." The first positive action to develop such a capability
occurred with the activation of the Army Air Corps Weather Recon-
naissance Squadron (Test) No. 1 under the authority of a letter
from the Adjutant General dated 16 August 1942. The unit's first
aircraft, a C-45, was assigned on 16 November 1942. After con-
sidering the B-24, B-25, A-28, and A-29 for use in weather recon-
naissance, a few B-25's became available. After the squadron moved
to Truax Field, Wisconsin, on 20 April 1943 and was equipped with
nine B-25's, it provided route weather information along the North
Atlantic ferry route.

Using aircraft to reconnoiter hurricanes was an idea repeatedly
expressed in the 1930's. In 1941 the Weather Bureau asked the
Bureau of Budget for funds to hire commercial pilots for hurri-
cane reconnaissance. The funds were denied. The Weather Bureau was
advised to solicit the support of the Army and Navy. Hurricane
reconnaissance was discussed with the services in 1942 but a
critical pilot shortage prevented it from becoming a rcality.
However, weather reconnaissance was firmly established in 1945 with
the activation of two reconnaissance groups and eight Very Long
Range Weather Reconnaissance Squadrons assigned to the Army's
Weather Service. In June 1943 the 2078th Air Weather Reconnaissance
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Squadron was activated to train replacement personnel for the
reconnaissance squadrons and to conduct special research studies

for the development of equipment and reconnaissance techniques. By
the end of 1949, the Air Force's Air Weather Service (AWS) had one
group of five weather reconnaissance squadrons manned by 454 officers,
2265 enlisted men, and equipped with S1 aircraft, which in the main
were WB-29's. 1In .ugust 1961, AWS reached a milestone when it was
named as the single manager for all nuclear debris aerial sampling.
In 1963, the Air Force developed an improved Airborne Automated
Meteorological Data Collection System (AN/AMQ:-19) originally used
on WB-47E aircraft. As WB-47's phased out, WC-135B's entered the
reconnaissance aircraft inventory with an updated collection system,
the AN/AMQ-25. By mid 1965, AWS had the nucleus of its present day
fleet of weather reconnaissarce aircraft.

b. Flow of Technology

As aerial weather reconnaissance increased in volume
and versatility, increased knowledge of the atmosphere resulted. For
instance, the technique of computing a hurricane's maximwn surface
wind through measurements of the minimum sea level pressure origi-
nated within AWS. Weather recomnaissance technology was interchanged
within DoD and with other governmental agencies, the academic com-
munity, and the private sector by numerous published documents,
scientific exchange meetings, and contractual negotiations.

<. Civil Aviatiocn Benefits

Airborne weather reconnaissance over remote, e.g.,
Arctic and ocean, regions provides accurate and timely atmospheric
observations for use in preparing forecasts. Of prime importance is
the utilization of these forecasts not only for routine flight winds
but mainly for the identification and avoidance of all hazardous
flight conditions. Also, airborne weather reconnaissance provides
the aeronautical engineer with critical weather data for use in
aircraft structural design. The data provides information on the
interaction of the airframe under various types of atmospheric
conditions. This type of data is important to aeronautical
engineers who are concerned with the structural integrity of aircraft
and, subsequently, the comfort and safety of aircrews and passengers.

d. Subsequent Development

No significant subsequent developiment is known.
However, planned R&D «fforts, which are described iu Section III,
will significantly upgrade the capability of AWS to conduct tropical
storm and other weather reconnaissance. This improved capability
will be provided through use of an integrated csystem comprising

F
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state-of-the-art sensors, autonatic data proccssing, and improved
data transmission facilities.

e. R&D Costs

No RGD costs were available to the Study Group.
However, the Airborne Weather Reconnaissance System, described in
Section III of this appendix, will require an estimated 12 million
dollars in R§D money (converted to an FY-73 base).

’

3. Weather Radar

Through the use of ground-based weather radar, the
meteorologist has acquired a unique method of observing atmospheric
phenomena. Subject to cervain restrictions, the variety of informa-
tion presently available to weather observers and forecasters by
means of ground radar observations includes the instantaneous location
of precipitation over thousands of square miles and at all altitudes,
direction and speed uf the precipitation movement, information con-
cerning the intensity of precipitation, heights of cloud bases and
tops, approximate height of the freezing level, position-direction-
speed of hurricanes and typhoons, upper level wind data, and tur-
bulence within precipitation areas. Throughout the past 26 to 30
years, ground-based weather radar has provided invaluable resal-
time weather information for both military and civil aviation.

a. Early Development

In the early 1920's, radar waves (electromagnetic
radiation with wavelengths of about 1/2 to 200 centimeters) were
observed to reflect from trees, buildings, and other surfaces in the
same manner as light waves (wavelengths about 2 million times
shorter). About 1940, it became evident that operational radar systems
could be constructed with wavelengths near 20 centimeters and shorter.
Before these systems were completely cperational, J.W. Ryde of the
General Electric !aboratories, Ltd. in England made a study to
determine if the performance of such radar systems would be affected
by precipitation. This information was necessary in order to deter-
mine whether aircraft could escape microwave radar destection by
flying in clouds, rain, snow, and dust and sand storms. Ryde's
calculations indicated that microwave radars would _eceive echoes
(radar energy returned from a target) from precipitation, and the
results he obtained concerning the relative signal strengths of
precipitation echoes and aircraft echoes were later shown to be
quite accurate. About three months after he had completed the
essential parts of his calculatiovns, the first radar-detected storm
(a thunderstorm from which hail was observed to fall) was reported
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on 20 February 1941 in England. At about the same time a like
phenomenon was also observed at the Radiation Laboratories of the
Massachusetts Institute of Technology in the United States.

During World War II, radar systems that were useful for storm-
detection purposes were limited in number and most of these were
assigned to high priority programs involving aircraft detection. In
addition, only a few individuals were aware of the discovery or appre-
ciated the potentialities of this cbservational technique.

Consequently, exploitation of radars for weather detection progressed
slowly.

b. Flow of Technology

Aftzr World War II, several agencies in different
countries initiated research programs in the field of radar storm-
detection. Due tc the wealth of surplus radar and electronics
equipment, and an intense interest ir the subject by persons skilled
in meteorology, mathematics, physics, aviation, and electronics,
rapid progress resulted. However, the lag between the initial
efforts by the military to eventual use by the U.S. Weather Bureau
is estimated to be approximately 10 years.

c. Benefits to Civil Aviation

Civil aviation accrued all the experience, techniques,
and knowledge of the military RED efforts during World War II and
the years that followed. Certain airborne radars, especially the
AN/APQ-13, were modified for weather detection purposes. The first
known ground-based operational use of the AN/APG-13 to detect
weather was in 1944 on an island in the Gulf of Panama. The set was
used by the Air Corps, on at least one occasion, to locate and track
rain-bearing clouds. Eventually the APQ-13 was installed at approx-
imately 100 locations throughout the United States. Most U.S. Air
Force bases in the late 1940's and early 1950's were equipped with
APQ-13's (see Appendix 3, page 18, 1944-1953); U.S. Weather Bureau
stations used the WSR-1 and -3's. The Air Force, Navy, and U.S.
Weather Bure using such medified World War II radar equipment,
obtained r¢ weather observations throughout the United States
and at mil ry bases overseas. These observations included data on:

(1) Instantaneous location of all precipitation
over several thousand square miles horizontally
and at all altitudes from a single observing
station.
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(2) Direction and speed of precipitation movement.

(3) Qualitative information concerning the intensity
of precipitation.

(4) Heights of cloud bases and tops.
(5) Approximate height of the freezing level.

(6) Information as to whether or not certain storms
are thunderstorms. :

(7) Position, direction, and speed of hurricanes.

(8) Upper-level wind data to high altitudes, with
great accuracy and under adverse conditions
of visibility and precipitation.

(9) Turbulence within precipitation.

(10) Qualitative information regarding water-vapor
and temperature distribution in the vertical.

The above information assisted greatly in assuring the safe,
efficient, and economical operational employment of scheduled air
carriers, as well as military aircraft, for storm avoidance and
penetration.

d. Subsequent Development

Prior to 1948, no ground-based radar equipment had
been designed specifically for weather detection purposes. The
potential of such a radar resulted in the development of the first-
generation weather radar set for the Air Force Weather Service by
the U. S. Army's Evans Signal Engireering Laboratory at Belmar, New
Jersey. The Laboratory established a special Radar Weather Section;
it was this section that developed the AN/CPS-9, the first weather
radar. Three development models were produced by the Raythecn
Manufacturing Company, Waltham, Massachusetts. These sets were
tested at the Signal Corps Laboratory and service tested by the Air
Proving Ground Center of the U. S. Air Force. The radaxr set was
accepted by the U. S. Air Force Air Weather Service and approximately
50 sets were produced by Raytheon incorporating certain refinements
resulting from the extensive tests conducted on the experimental
models.

In 1959 the U. S. Weather Bureau began operational use of the

61
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WSR~57 which incorporated certain refinements due tc the experience
gained by use of the AN/CPS-9.

Responding to specific requirements of the Army, Navy, and Air
Force, DoD initiated developmental efforts during the 1960's and 1971
to improve weather detection radars. As a result, the Army developed
the TP3-41, a mobile radar which can be moved seasonally to specified
geogravhical areas to observe hazardous storms; the Navy's Bureau of
Aeronantics and Naval Weapons developed the FPS-68, 81, and 106,
"fixed" radars, i.e., radars installed permanentl!y at a given loca-
tion; and the Air Force developed the FPS-77, a '"fixed" radar to
replace the obsclescent CPS-9. These radars provide more definitive,
real-time weather observations that are used routinely not only by
military operators but also by commercial and private operators as an
cid ir. conducting safe air operations.

e. RED Costs

Year Agency Radar Set Millions of Dollars
1948 Army CPS-9 2.0

1958 Navy FPS-68 0.2

1958 Navy FPS-81 Minimal

1959 Weather Bureau WSR-57 1.0 (estimated)
1968 Air Force FPS-77 0.5

1969 Navy FPS-106 Minimal

1971 Army TPS-41 2.5

4. Severe Storm Forecasting

After viewing the destruction caused by a tornado whirch
crossed Tinker AFB one day in the late 1940's, two Air Force
meteorologists decided to develop severe weather forecasting
techniques. These would permit adequate warning of an impending
severe storm so th.t suitable protective actions could be taken.
These two meteorologists (Miller and Fawbush) developed forecasting
techriques which were gradually refined and expanded into a highly
accurate forecasting capability. These techniques are still in use
today.

11
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a. Early Developments L

The original forecasting techniques developed in the
late 1540's permitted severe weather warnings to be disseminated by
teletype for only a small area (Kansas and Oklahoma) of the U. S. As
the techniques were refined, and as additional meteorological data
became available, the forecast area was increased to include the
entire midwest. In January 1951, the Military Weather Warning Center
at Tinker AFB, Oklahoma, was given the responsibility for severe
weather warning service for all military installations in the U. S.
In late 1951, it also became apparent that some type of severe
weather warning service was required for civilian use. Thus, the
U. S. Weather Bureau commenced operational service from Washington,
D. C. 1In early 1953, this forecast facility was moved to Kansas
City. In January 1956, the military weather warning center was
moved from Tinker AFB, Oklahoma, to Kansas City where it became
collocated with the civilian warning center.

b. Flow of Techrology

The forecasting techniques developed by the Air
Force were immediately available to the civilian community. This
was especially true for the period between 1956 and 1970 when the
two weather warning centers were collocated at Kansas City, Missouri.

c. Civil Aviation Benefits

The benefits to civil aviation derived from the
development of severe weather forecasting techniques aie completely
evident. Cooperation between the military and civilian severe
weather warning centers has provided a two-way flow of information
and increased the reliability and accuracy of the forecasts issued
by each.

b s "

d. Subsejuent Develoupment

This is a continuing effort with each of the warning

4 centers continually upgrading their capabilities through the addition 3
r of new techniques. In February 1970, the military center was moved ]
to Offutt AFB, Nebraska so that the computer facilities of the Air

‘ rorce Global Weather Center could be utiiized. This permitted the

i introduction of additional meteorological parameters in the various

! forccasting tecnniques. In December 1970, these techniques were

] updated again by adding more parameters resulting in an improved

| forecasting capability. i

| 63
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e. RED Costs

Developmentzl costs of the forecastiig techniques by
the Air Force are unavailable. The National Weather Service estimates
that over one million dollars has been expended in development of
severe weather warning techaniques within their agency.

5. Weather Facsimile

The National Weather Facsimile Network in existence today
was a direct result of the Air Force Air Weather Service having a
requirement for the reliable and rapid dissemination of centrally
produced weather maps and charts. The Air Force provided the capa-
bility to satisfy this requirement; other government and non-govern-
ment agencies recognized 1ts value and joined the dissemination
system.

a. Early Development

In 1947, the Air Torce took action to estabiish a
test facsimile net among a few eastern Air Force stations with
the transmitting point being located at the Joint U. S. Weather
Bureau, Air Force, and Navy Analysis Center. After initial shake-
down, the net was placed in operational status and expanded. By
1957, the number of Navy, Weather Bureau, and civil subscribers
had greatly exceeded the number of Air Force subscribers. To meet
the needs of all users, the type of charts/maps and the schedule
of the facsimile network were changed by joint agreement with the
Weather Bureau and Navy. Eventually, it was recognized that the
Air Force was in fact providing a national meteorological service
for which it had no charter. The U. S. Weather Bureau had a charter,
but no facility. Therefore, plans were developed to transfer the
National Facsimile Network to the Weather Bureau. Operationcl
conirol was given to the Weather Bureau in 19,8 with administrative !

and budget control passed on approximately cne year later.

b. Flow of Technology 4

Since the facsimile net was developed by the Air
Force at the Joint Air Force, Weather Bureau, and Navy Analysis
Center, the technology required to disseminate weather charts and
maps by facsimile was routinely available and evident to both the
Weather Bureau and Navy.

c. Civil Aviation Benefits

Weather facsim:le products are indispensable briefing

13 £ 6.1
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aids for the aviation meteornlogists who are required to prepare
flight forecasts for military and commercial aircrews.

d. Subsequent Development

In 1959, the Weather Bureau implemented a separate
facsimile circuit to transmit area forecast charts to.their offices
at U. S. International Airports to provide flight documentation
service to departing international flights. The Air Force has
developed and is procuring a digital facsimile system which will
allow t.ransmission of weather maps and charts approximately five
times faster than the current system.

e. R&D CosEg
Not available.

6. Environmental Data Buoys

The Federal Plan for Marine Environmental Protection
provides for DoD to support the Navy Ocean Science Program. This
Naval program encompasses substantial engineering developments
and a large variety of research projects in the fields of physical,
chemical, and biological oceanography, marine geology, and geophysics.
Although these efforts are designed to meet specific military re-
quirements, the civilian community has acquired considerable benefit
through these projects. A prime example of this research benefiting
the civilian community is the development of unmanned, moored ocean
platforms (buoys) which acquire and transmit marine environmental
data.

a. Early Development

Initial effurws to develop data buoys were pioneered
by the U. S. Navy in the early 1950's. The North Pacific Experiment,
funded by the Office of Naval Research, Scripps Institute, and the
Naval Air Systems Command's Naval Oceanographic/Meteorological Auto-
matic Device (NOMAD) program, provided the technological basis for
the development of the National Data Buoy System. These initial
1950 efforts saved non - military governmental agencies an un-
specified amount of R&D money and years of developmental and test
programs. The Navy's expertise in buoys is acknowledged to be well
in advance of the expertise attributable to other civil and private
sector programs.

b. Flow of Technology

The U. S. Navy's contribution to the National Data

Buoy System (NDBS) during the formative years of 1965 through 1967
included assistance in the formulation of the feasibility and

14
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requirement studies and guidance for the early development policy
The contribution has continued unint. rrupted in the form of technical
cross-talk, use of Navy engineering drawings, examination of Navy
hardware, and the actual use of Navy facilities for contractual
studies. Currently, the NDBS, directed by NOAA (originaliy the
National Data Buoy Project directed by the U. S. Coast Guard), is the

largest single developmental effort in the field of environmental
data buoys.

¢. Civil Aviation benefits

When the goal of establishing network:s of unmanned
telemetering environmental bucys is reached, civil aviation will
greatly bernefit by:

(1) Impro.ecd weather analysis and forecasting over
the ocean routes frequented by civil aviation.

(2) Improvements in locating important weather
features such as fronts, thunderstorms, and
hurricanes.

(3) Added geographical fixes, since each buoy will
be equipped with a radar reflector and homing
beacon.

d. Subsequent Development

By the early 1980's, environmental buoys will be in
use off the east and west coasts of North America and the Central
Pacific. United States leadership will undoubtedly convince other
nations of the desirability of having their own buoy programs.

e. RE&D Costs
The U. S. Navy Air Systems Command and the Office
of Naval Research have expended $3,500,000 for the development of

buoys over a period of 12 years.

NOAA budgeted $12,000,000 in FY 72 and $15,000,000
in FY 73 for NDBS.

7. Automated Weather Network (AWN)

Effective environmental support to aviation is vitally
dependent upon rzpid dissemination of meteorological data and products.

15
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The nanua: data - ollectics -pd lissewination technigues in use
through th: 450's were inadenuate unc were rapidly falling behind
the requivew ity of globs  aviatior. [t became apparent to the

Air Wzather fervice (AWS) thav meteorulogical data would have to

be manipulaizd Uv automated techniques to be of maximum use. Efforts
to achieve this capability were initiated.

a. Early Development

in 1963, the Manager, National Comminications System,
established the National Weather Communicztions Requirements Group
to determine the weather communications requirements of all civil,
military, and private customers in the United States. The Group's
report of 30 November 1963 proposed a concept derignated DAWNS, an
acrornym for Digital Automatic Weather and NOTAM System. The central
idea of the proposed system was the provision of ore or more high
performance switching centers, concentrating at these few locations
all circuit control and data handling functions. All local low
speed teietype circuits for collection and/or disscmination of
weather traffic wouid terminate at a center; the centers themselves
would be interconnected with high speed data links. High volume
users and suppliers of data, such as meteorological computers and
gateway interfaces, could also have high speed access to the center's
facilities. The military requirements stated in the USAF Specific
Operational Requirement for Global Weather Communications, undated,
and the civil requirements stated in FAA Memorandum, 26 October 1962,
Pronosed Telecommunications Communications Improvement Plan, were
combined to form the basis for an integrated national system. The
idea for one ground system evolved into separate but complementary
civil and military systems. The military's concept developed into
the Automated Weather Network (AWN) and was implemented in July 1965,
with Tinker AFB, Cklahoma, as the hub of the network. The network
included high speed lincs to Japan, England, and the Air Force
Global Weather Central.

ey

b. Flow of Technology

AWN was the first attempt to speed the flow of
environmental data through the use of communications switching
computers. The Air Force pioneered the technique development for
high speed exchange and low speed collection and dissemination of
data. The technique was later applied to the World Meteorological
Organization and national civil weather communications systems. Even
today AWN is the most sophisticated weather communications system
i, the World.

6
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c. Civil Aviation Benefits

The availability of more data at an earlier time
has resulted in better meteorological service. This is especially
true for data from overseas. The quality of meteorological support
products, such as computer flight plans {see paragraph 8 that
follows) and terminal forecasts, has gr:atly improved.

The National Weather Service has been a subscriber to AWN data.
Therefore, civil aviation, due to the availability of additional
and more timely overseas data, benefited as a result of economic and
safety considerations.

d. Subsequent Development

In 1971, the hub changed to Carswell AFB, Texas.
Univac 1108 computers were introduced and high speed lines to the
Philipines, the National Meteorological Center at Suitland, Marylan ,
and Navy's Fleet Weather Center at Monterey, California, were added

Continued sophistication of software is being pursued to imprc
customer service. Air Weather Service plans to establish a second
terminal in the network in continental Europe.

e. R&D Costs

Approximately 50 man-years have been expended to
develop this software capability.

8. Computer Flight Plan

Prior to 1960, weather forecasters verbally briefed
aircrew members on enroute weather conditions for flight planning
purposes. Wind speed and direction, temperature, clouds, and
significant hazardous enroute weather conditions were presented in
a hand-prepared format in written, tabular, or graphic form. Crew
members then determined tne various flight planning requirements such
as aircraft headings, true air speed, and time enroute. With the
advent of the electronic computer and automatic weather data pro-
cessing techniques, arduous and time consuming conventional flight
planning by manual, graphic techniques is obsolescent.

a. Early Development

The necessity to provide a pilot with the best sup-
port possible led the Air Force Air Weather Service (AWS) to pioneer,
in the mid 1950's, in the development of computer flight plans (CFP).

-
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This pioneering effort can be traced to Dr. Robert D. Fletcher, who
retired as the Chief Scientist of AWS on 30 Jjune 1972. Actualiy,

Air Force eiforts predate the computers. In the early 1950's manual,
graphic techniques were develcped to prepare minimum-time flight
plans for transoceanic operations. When numerical weathcr prediction
reached an operational state in the mid 1950's, the AWS began the
development of CF?'s at the Joint (Air Force, Navy, and Weather
Bureau) Numerica] Weather Prediction facility, Suitland, Maryland,
utilizing computer outputs from numerical weather prediction models.
The first operational CFP was produced in May -1959 for the support

of transatlantic crossings by C-118 aircratt. The CFP program has
been continuously expanded and improved, and by 1964 several

thousand flight pians were prepared monthly, especially for jet-
level aircraft. In August 1970, the Air Force's CFP center moved
from Suitland to the Air Force Global Weather Central (AFGWC)

located at Offutt AFB, Nebraska. With the availability of greater
computer resources at AFGWC and the accessibility to the AFGWC auto-
mated data base, further significant improvements to the computer
flight plan were made. A pilot can now order from AFGWC a flight
plan, tailored for his particular aircraft, at a specific altitude
and along one of several thousand global tracks. The flight plan can
be delivered to him at a location he designates such as U. S.

Embassy Office, an Air Force base, or, under certain circumstances,
the operations office cf a civilian airline. These computer flight
plans contain information on enroute significant weather, destination
and alternate terminal forecasts, navigational data, and fuel require-
ments. A CFP can be produced in five seconds and delivered to the
requestor in one hour. Eventually, this system will be expanded

to provide the optimum route/profile selection, more details on
enroute weather, and flight level temperatures.

b. Flow of Technology

The computer flight plan technology developed under
AWS leadership eventually channeled to governmental and private
sectors. Several airlines implemented a semi-automated flight plan
capability in the early 1960's. In addition, the technology that
enabled the National Weather Service to provide wind forecasts in
computer digestibie format in early 1967 enabled a number of airlines
to change to computer flight plans.

c. Civil Aviatiqn Benefits

Hundreds of man years by AWS personnel were expended
to develop this capability. Therefore, the Air Force-developed
computer flight plan techniques required only modifications by civil
airlines to meet their operational requirements. Computer flight

18
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plans are extensively used in aviatisan today and are increasing each
year. For examp.e, the National Weather Service provides upper-air
wind and temperature forecasts in digital form, computer-to-computer,
for computer flight planning to 13 direct processors who, in turn,
serve about 150 customers including airlines and other aviation
users.

d. Subsequent Development

The AWS is continuing the develonment of computer
flight plans. Eventually, the system will be expanded to provide the
optimum route/profile selection, more details on enroute weather
conditions, and fiight level temperatures. The FAA in its March 1971
National Aviation System Policy Summary stated that one of its
tentative goals is to satisfy 90% of the average pilot's briefing
and flight plan requirements through automated means.

e. RED Costs

Available records did not provide cost data. How-
ever, hundreds of Air Weather Service man-years and hundreds of
hours of computer time were required to develop this advance in
aviation's progress. An estimate of the man-hour and computer
costs for this developmental effort is 30 million dollars.

E. Civil Advances

1. High Altitude Radiation Environment Studies (HARES)

Since 1965, Air Weather Service (AWS) actively partici-
pated in a high altitude radiation siuiy sponsored by FAA and NASA.
The purpose of the project was to determine the effect high altitude
radiation would have on aircrews and passengers aboard civilian super-
sonic transport (SST) and crew members aboard military, high altitude
aircraft and space vehicles. High altitude radiation orginates from
galactic and solar sources and cculd have possible adverse affects on
aircrews and passengers flying at these altitudes.

a. Early Development

HARES was conceived by FAA early in 1965. In July
1965, FAA, NASA, and the Air Force Special Weapons Center requested,
through Air Force Headquarters, that AWS WB-57F's fly HARES missions.
Air Force requested that AWS participate. AWS was interested in the
project since it would give AWS practice in forecasting solar storms
and would produce a data base that would be valuable for forecasting
radiation areas where high altitude Air Force aircraft were operating.
Initially, AWS flew HARES missions on a non-interference basis from
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Kirtland AFB, N. M.; Eielson AFB, Alaska; Albrook AFB, Canal Zone;
and East Sale RAAFB, Australia. These early missions were flown

by placing FAA's equipment, i.e., the Geiger counter, tissue
equivalent ion sensor, and the linear energy transfer sensor equip-
ment, onboard WB-57's flying other missions. Late in 1967, FAA
requested that aircraft be dedicated to HARES. AWS agreed and

gave the project the code name Cold Flare. AWS began full time Cold
Flare operations from Eielson AFB, Alaska, in August 1968. From
August 1968 until the termination of the project in June 1971, the
WB-57F's supporting Cold Flare flew 2636 hours.

’

b. Flow of Technologx

The data gathered by the AWS WB-S57F fleet in the
radiation environment near the polar areas has confirmed previously
obtained data; the data will allow scientists to determine the effects
of solar radiation on aircrews and passengers at high altitudes.

As a resuit of radiation studies and research such as HARES, DoC,
through the Space Environmernt Laboratery of the National Oceanic and
Atmospheric Administration, has been issuing radiation level pre-
dictions since 1968. The predictions are issued once a day for a

30 hour periocd.

c. Civil Aviation Benefits

The data gathered by WB-57F's will have both military
and civilian applications. Both military and civilian aviation
authorities will be able to use the data to develop regulations on
aircrew duty-time at high altitudes and regulations establishing
radiation protection standards aboard aircraft (including the SST)
flying at high altitudes. While there are still many uncertainties
in the problem of radiation hazards to SST passengers and crews, it
appears that the galactic component of cosmic radiation at SST
altitudes is not a problem in itself, but forms a background upon
which the solar flare component is superimposed. The International
Civil Aviation Organization envisions that the DeC radiation pre-
dictions will be used eventually for rercuting SST aircraft, or
for advising SST aircrews to descend to a lower flight altitude
to avoid radiation hazards.

d. Subsequent Development

The analysis of the collected data is continuing in
order to develop regulations on aircrew duty-times and radiation
protection standards.

e. R&D Costs

AWS estimates that 2636 hours of flying time were
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expended in zupport of the data gathering effort at a cost of

[ $2,791,796. In addition, AWS utilized weather reconneissance aircraft
on numerous occasions to airlift personnel to and from Eielson AFB,
Alaska, in support of this project. DoC estimates it has expended
$12,000,000 on radiation efforts; NASA estimates $900,000; and FAA
costs are unknown.

2. Weather Satellites

Today, everyone accepts intercontinental weather
satellite coverage as a normal methcd to observe the weather and as
an aid in preparing forecasts. We expect to be warned of ine approach
of dangerous hurricanes and to predict with reasonable certainty the
type of weather along remote oceanic and polar aj:rlanes. Weather
satellites are the latest and most advanced touls available to meteo-
J rologists to provide such information.

a. Early Development

On 8 May 1946, the Chief of ilaval Operatiocns re-
quested the Bureau of Aviation to begin preliminary studies for the
use of earth satellite vehicles which would contribute to the advance-
ments in guided missiles, communications, meteorology, and other
technical disciplines with military applications. In 1949, the RAND
Corporation corresponded with AWS concerning RAND's initial
feasibility studies for the utility of «n earth circling space ship
or satellite for weather observations. Through these initial studies,
and the increasing need within the military and civilian aviation
agencies for global weather data, the seed for the development of
satellite meteorclogy was planted.

DoD was responsible for the initial R&D of the Television
Infrared Observation Satellite (TIROS) Program. During the 1955-58
period, the Army Signal Corps spent cver one million R&D dollars
developing improved methods for weather satellite imagery. These
studies identified the methods for data assimilation, data display,
remote sensing, and future applications. The responsibility for R&D
on weather satellites was transferred to NACA in 1958. In the late-
i 1950's and early 1960's, WACA/NASA contributed significantly to
weather satellite developments. These efforts are outlined in a NASA
publication, NASA SP-96, Significant Achievements in Satellite Meteo-
rology, 1958-1964. During the late 1950's, a Joint Meteorological
Satellite Advisory Committee was formed consisting of military and
civilian representatives. The early TIROS weather satellites were
designated as R&D platforms for later operational DoC requirements.
Support assistance and separate R&D continued within DoD. This ‘
included application research by the Air Force Cambridge Research !
Laboratories and technique developme it by the Air Weather Service.
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Or 1 April 1960, TIROS I, the first RED weather satellite, was
launched and a new era of meteorological observation began. Since
then, the science of satellite meteorology has developed rapidly.

The academic community now includes satellite meteorology as a major
course of instruction in colleges and universities. The initial
studies devtloped by DoC, DoD, and NASA have provided the basic
techriques for the science of satellite meteorclogy. Significant
achievements include defining the severity of major storms, severe
storm locations, frontal locations, jet stream positions, remote area
weather observations, and vertical atmospheric profiles.

Since 1960, twenty-two meteorological satellites have been
launched with only cne failure. Benefits obtained frcm early identi-
fication and warning of hurricanes alone have provided nayoffs far
above the cost of the development of these satellites. In August 19639,
Hurricane Camille, described as one of the greatest storms in recorded
history to hit North America, swept across the Southeast U. S. During
this great hurrican:, it is estimated that more than 50,000 people
were evacuated and hundreds cf lives were saved by effective warnings
and community and individual emergency plans. Damage prevention by
the sate evacuation and timely protection of aircraft within the
affected geographical regions of Camille represents a vast unrecorded
monetary savings.

b. Flow of Technology

DoD's initial efforts in identifying the potential
use of weather satellites was a significant contribution tc the
development of this advance. However, it was the policy, managerial
systems, and technical competence, developed during the 1960's by
NASA and DoD, that enabled the United States to produce superior
meteorological satellites. Nevertheless, continued refinemert and
research exists at different levels within DoC, DoD, DoT, and NASA.
These efforts are generally tailored to specific responsibilities, i.e.,
military applications, earth resources, pollution measurements, and
cloud climatology.

c. Civil Aviation Benerfits

Civil aviation in the 1970's and beyond requires
accurate weather information for extended flights at greater speed
under critical time schedules and fuel limitations. Congested airways
and crowded terminals further compound the requirement for accurate
weather forecasts for aircraft operations. Weather satellites provide
global observations, especially over the polar and ocean regions,
that assist in locating storm areas that otherwise may not be
detected. As a consequence, weather satellite observations provide
aviation meteorologists with sigrificant weather data that subse-
quently enables aircrews to plan safe and economical flight operations.
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d. Subsequent Development

NASA has the responsibility for current and future
RGD efforts to develop improved weather satellites. NASA has been
tasked to develop and procure new spacecraft and meteorological
sensors and to provide laurch and tracking services. NASA has three
specific satellite programs:

(1) The Improved TIROS Operational Satellite (ITOS)
Program that involves the development, procure-
ment, testing, and launching of a new generation
of operational meteorological satellites.

(2) The Nimbus Program, in which new techniques and
sensors are being developed using the Nimbus
spacecraft as a test vehicle.

(3) The Synchronous Meteorological Satellite (SMS)
Program, under which 2 new geustationary weather
satellite is being designed to satisfy the
requirements of NOAA's National Operational
Meteorological Satellite System (NOMSS).

e. RGD Costs
The followiag R&D costs have been identified by this
study for the development and application of weather satellite systems
for the time period from 1958 to 1972, in millions of dollars.

AGENCY

Individual Agency Contribution Joint Agsncy Contribution

DoD 2 DoD/NASA 10

DoC 3 DoC/NASA 3
NASA 8 DoC/NASA/DoD 150
DoC/L »T 1

DoC/DoD 1

TOTALS 13 165

This money was used for sensor development, receiving equipment,
display equipment for satellite imagery, atmospheric modeling,

]
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vertical temperature ana pressure readings, digital forecasting inputs
into numerical systems, the development of new forecasting techniques,
and basic atmospheric research on parameters unobtainable through
earthbound observations.

3. Wake Turbulence

Wake turbulence occurs due to the violent vortices
generated behind large aircraft. This phenomenon became a critical
factor with the advent of the 747 and C-5 jumbo jets for flight and
ground cperations at aircraft terminals. Efférts to better under-
stand, and perhaps lessen, the hazards of this phenomenon have started
within governmental and private agencies.

a. Early Development

The effects of wake turbulence on commercial aviation
operations became internationally highlighted by France's objections
to spacing requirements for Pan American World Airways 747 flights
into Paris Orly Airport. The Federal Aviation Administration
standards imposed on both the 747 and C-5 prior to the 747 service
into London required an accelerated testing program to satisfy inter-
national safety agreements.

The Wake Turbulence Program directed by NASA in December 1969,
at Edwards AFB, involving the Air Force C-5 and B-52 aircraft were
rapidly expanded. FAA, NASA, DoD, Atomic Energy Commission (AEC),
and Boeing became increasingly active and began Wake Turbulence Tests
at Edwards AFB, California, the AEC facility at Idaho Falls, Idaho,
and at Seattle, Washington. These accelerated test programs provided
our nation's basic data base for the aircrew/controller training,
meteorological studies, and aircraft operational procedures.

b. Flow of Technolggx

It was not until the advent of jumbo jets that the
effects of wing tip vortices on smaller aircraft became most apparent.
Aircraft operating in and around civil airports, which are governed
by FAA rules and regulations, range from the smallest type of private
airplane to jumbo jets. Leadership for studies in wake turbulence
by DoT, therefore, appears essential. It is important to mention
that this particular area of R§D has cut across military and civilian
organizational lines. Aviation meteorologists in government and
industry have been active in wake turbulence studies; however,
specific R&D funding has been minimal. The efforts by FAA and NASA
in arranging national and international scientific meetings on wake
turbulence have been especially noteworthy.
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c. Civil Aviation Benefits

Wake turhulence studies bhenefit -t only our
commercial aviation fleet but aiso this nation's vist section of
private airplane operators who suffer the most serious effects of
being trapped in the grips of wake turbulence. Future studies for
the dissipation of wing tip vortices will provide significant

improvements in safe ajr traffic over the congested airlanes and
terminal areas.

d. Subsequent Development

The need for additional joint R&D in wake turbu-
lence is apparent. The scope of jumbo jet operations within the
terminal area requires future wake turbulence analyses. Existing
work by governmental agencies and private airlines is relatively in
the initial research stage. This werk includes:

(i) Taxi Operations:

(a) Fxhaust wake turbulence.
(b) Ground damage potential.

(c) Effects on airfield meteorological
observations.

(2) Takeoff Operations:

(a) Jet exhaust.
| (b) Wing tip vortices.

(3) Landing Operations:

(a) Wake turbulence.
(b) Low level landing shears.

(¢) Turbulence dissipation methods.

R&D Costs

The past and current research efforts on wake
turbulence have been conducted mainly within the manpower resources
of the military and civilian laboratories. Consequently, no R&D
costs have been jdentified with this study.
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C. Joint Military/Civil Advances

1. Standard Atmospheres

Aircraft and space vehicle design and operztions require
unique standards and technical data that provide realistic conditions
of tiie properties of the envelope of air surrounding the earth. This
envelope is ccmmonly referred to as the earth's atmosphere whose
chemical properties, dynamic motions, and physical processes constitute
the subject matter of meteorclogy. During the past 50 years, approxi-
mately 30 governmental, industrial, and academic organizations that
have an interest in geophysics, including meteorology, have prepared
Standard Atmospheres. Standard Atmospheres include hypothetical
vertical distributions of atmospheric temperature, humidity, pressure,
and density. The data are essential for aircraft and space vehicle
designers.

a, Early Development

The first modern Standard Atmosphere was published
in the mid 1920's by the National Advisory Committee for Aerconautics
(NACA). Also in the mid 1920's, a Europcan Standard Atmosphere was
produced by the International Commission for Aerial Navigation (ICAN).
There were slight differences between the independently developed
ICAN and NACA atmospheres. On 7 November 1952, these differences
were reconciled and international uniformity was achieved through
adoption by the International Civil Aviation Organization (ICAO) of
a new Standard Atmosphere. This new Standard was officially accepted
by NACA on 20 November 1952 ond formed the basis for tables published
in NACA Report 1235 entitled, Standard Atmcsphere-Tables and Data
for Altitudes to 65,800 Feet. The computations for these tables were
carried out by the United States. Parts of the tables were inde-
pendently computed by the Italian Goverament. Conversions from metric
to English units were made in accordance with internationally adopted
conversion factors.

b. Flow of Technology

These Standard Atmospheres were distributed widely,
including distribution throughout the civilian aerospace industry.
There was no time lag between the development of the Atmospheres and
usage by the aerospace incustry and civil aviaticn.

¢c. Civil Aviation Benefits

The Standard Atmospheres have been used since their
genesis by the aerospace industry for aircraft design specifications,
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pressure altimeter calibration (so essential for the safe operations
of aircraft in flight), and for aircraft performance characteristics
such as 1ift, drag, and propulsion.

d. Subsequent Development

In the early and mid 1950's, there existed a rather
urgent military requirement for a Standard Atmosphere extending higher
than those available. In 1955, preliminary tables were prepared by
the Air Force Cambridge Research Laboratories ‘(AFCRL) for altitudss
up to 1.5 million feet. These tables were immediately put to use by
military designers. In 1956, the United States standardized these
tables for internial use and ICAO considered this product for inter-
national standardization for altitudes to 100,000 feet. To take
account of increased knowledge and more accurate determination of
basic inputs to earlier developed Standard Atmospheres, AFCRL
developed the U.S. Standard Atmosphere, 1962 which was adopted by
the United States. AFCRL personnel played a major role on the
Committee on the Extension of the Standard Atmosphere (COESA) which
adopted this 19¢~ Atmosphere and guid d its preparation. Again
AFCRL provided - large part of the text that was included in this
publication. In addition to Air Force sponsorship, the 1952 Atmosphere
was also sponsored by NASA and by the U.S. Weather Bureau (now the
National Weather Service). In 1964, the lower 100,000 feet of this
1962 Atmosphere was eventually accepted by ICAO.

In 1966, the U.S. Standard Atmosphere, 1962 was supplemented by
the U.S. Standard Atmosphere Supplements, 1966. These Supplements
were sponsored by the Air Force, the Envirommential Science Services
Administration (now the National Oceanic and Atmospheric Admini-
stration), and NASA. The Supplements provide data as functions of
season, latitude, local time, properties of the sun, and geomagnetic
activity. The Supplements are used extensively for aeronautical and
aerospace computations and for comparison with measured values of
atmospheric properties by DoC, NASA, industrial research groups,
and the academic community, both nationally and internationally.

e. RED Costs

It is estimated that AFCRL required eight man-years
to prepare the initial Standard Atmospheres and Supplements. There-
fore, considering all organizations involved, a minimal estimate
would be 15 million dollars for the preparation of only the 1962 and
1966 editions.
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2. Atmospheric Turbulence ol

A satisfactery treatment of turbulence in the atmosphere =
is undoubtedly the outstanding unsolved problem of metecrology. This -
is especially true of clear air turbulence (CAT, i.e., turbulence <o
encountered by aircraft when flying through air space devoid of 3
clouds). Every governmental agency concerned with aircraft opera- .
tions has invested in research programs for the study of CAT to aid ’
in structural design and the identification of atmospheric precursors B
to forecast its development. Information on separately funded
programs bas been exchanged with all governmental and scientific
agencies. These joint and segmented efforts have in retrospect
provided valuable information on aircraft designs and operations in
addition to forecasting CAT. Another form of turbulence is that
which is encountered within vertically developed clcuds, especially
thunderstorms. This type of turbulence is generally referred to as
convective turbulence and is justifiably feared and avoided, when-
ever possible, by all aircrews due to its severity. CAT and .
convective turbulence are both addressed in the following sections. B

a. Early Development

Severe turbulence associated with thunderstorms is
considered one of the worst forms of atmcspheric turbulence.
Military and civil aircraft require an adverse weather capability tc
satisfy their respective national responsibilities. In the interest -
of safety, therefore, information was needed concerning the internal F
structure and behavior of the thunderstorms. A project was conceived
in the middle 1940's to obtain information on the structure and
characteristics of the thunderstorm and its associated flight
hazards. This project was a result of the joint efforts by four U.S.
Governmental Agencies -- Army Air Corps, Navy, National Advisory
Committee for Aeronautics, and the Weather Bureau. In 1943,
Dr. C. E. Buell, Chief Meteorologist of American Airlines, in a
letter to the Civil Aeronautics Board, outlined such a project; the
Air Transport Association vigorously supported his proposals.
Weather Bureau staff members studied the program carefully and made
specific suggestions on the subject. In January and March 1964,
under the Chairmanship of the Weather Bureau, a committee of experts .
from the airlines, Army Air Corps, Navy, Civil Aeronautics Board. b
University of Chicago, Massachusetts Institute of Technology,
Carnegie Institute, and Weather Bureau met for preliminary planning.

Congress appropriated the necessary funds to the Weather Bureau
for starting the program in FY 1946; by 2 August 1945, a Director
had been appointed. Two weeks later the war ended, a circumstance
most fortunate for the development of what was by this time
officially designated as the Thurniderstorm Project. To foster a
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concerted effort on the part of all agenciss, the plans for the
Project were referred to the Subcommittee on Aviation Meteorology of
the Air Coordinating Committee. This subcommittee appointed a working
~roup consisting of the Army Air Corps; Office of the Chief of Naval
Operations; and Dr. H. R. Byers, Project Director, University of
Chicago, to draw up pians for the Project.

This Project provided the first krown national scientific and
experimental effort to gain knowledge on convective turbulence
associated with thunderstorms. The Project produced other detailed
data on the thunderstorm structure to include information oa three
dimensional metr rological parameters within a thunderstorm, electric
fields, radar echoes, aircraft effects, and the effects on aircraft
ground operations. The importance of thunderstorm turbulence was
highlighted on 4 January 1972 in the Boeing 747 incident 125 miles
west of Grand Isle, Louisiana. During this incident, the aircraft
encountered thunderstorm-induced turbulence when the pilot was
attempting to fly between two thunderstorms. The inci -t caused
injury to 21 persons, 10 seriously.

[uring the 1950's, several major accidents by military and
civil aircraft were directly or indirectly caused by turbulence.
The civil airlines collected turbulence data on commerical aircraft
routes. Military agencies, through such projects as USAF Projects
Jet Stream and Cloud Trail and U.S. Navy Project Applied Research--
Operational Weather Analysis (AROWAJ, also collected turbulence
data. By the early 1960's, empirical rules had been formulated to
provide gu.dance in CAT forecasting.

By 1964, the CAT encounter situation had increased to a point
where a major effort was deemed necessary by the United States
Government to determine its cause and to develop CAT sensing equip-
ment. In the years following, efforts to locate and avoid CAT areas
resulted in improving passenger/crew safety and reducing structural
damage to aircraft. However, CAT is still a major concern to
aviation because of the inflexibility of military operations and to
civilian aviationu for safe air travel.

The major DoD follow-on studies involved Projects ALLCAT and
ROUGH RIDER. Project ROUGH RIDER was a joint thunderstorm research
effort which began initially in 1960 under the direction of the
United States Weather Bureau's National Severe Storms Lahoratory
(NSSL). 1In 191, the Air Force Cambridge Research Laboratories
(AFCRL) became an equal participant in ROUGH RIDER and continued in
this role with NSSL up to the present. NSSL's main concern was to
gain knowledge of the degree of severity of gust loads inside
thunderstorm cells. AFCRL's main objective was to investigate the
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various electrical phenomena associated with thunderstorms. The
joint DoC/DoD cost of ROUGH RIDER was close to three million doliars.

The objective of the ALLCAT Program (1967-71) was to establish
valid turbulence design criteria for future a2ircraft. The study
considered lavered atmospheric regions from the earth's surface to
200,000 feet. Air Force RGD costs on this program totaled 8.7
million. The wealth of scientific data is still being analyzed.
Over thirty reports have been written within Air Force research
orgarizations on ALLCAT data alone. The release of cthe information
to civilian institutions has produced valuable _nformation as a
result of graduate level research.

In the late 1960's, DoD became involved in a national study of
CAT under the National Committee for Clear Air Turbulence (NCAT). In
this effort, DoD assumed responsibilities for efforts in the area of
measurements, observations, and remote detection of CAT; DoC assumed
responsibilities in the area of CAT forecesting.

b. Flow of Technology

The R§D efforts by all governmental agencies in
atmospheric turbulence efforts and the cooperative flow of tech-
nology have been excellent. All major programs were jointly
established and the benefits availabl: to any agency desiring to
pursue scientific advances. This coogzrative effort has signifi-
cantly increased our understanding and reduced, but not eliminated,
the encounters of turbulence in aircraft operations.

c. Civil Aviation Benefits

The increased safety of passenger travel through
reduced encounters with CAT has obviously provided direct benefits
to civil aviation. The understanding of the mechanism of CAT, which
resulted from these joint efforts, has improved meteorological fore-
casts. Although CAT forecasting is far from perfect, the initial
effort to identify and forecast CAT's occurrence has been accomplished
by the Air Force Global Weather Central.

Additional benefits on these turbulence projects include
information on lighktning effects on aircraft, hail damage,
structural design requirements, static precipitation effects on
radio communications, and aircrew/passenger hazards.
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d. Subsequent Development

Budget restrictions forced the canceilation of the
large NCAT program despite the continued need for this iesearch.
Nevertheless, DoT has identified a requirement for improved warning
devices regarding turbuience and its avoidance at jet altitudes and
speeds, and DoD still needs turbulence information for aircraft
design criteria and turbulence forecasting. Funding allocations are
not definitive enough to determine if these planned programs will be
realized.

’

e. RED Costs

The cost of the Thunderstorm Project is not known
by the Study Group. The combined DoD cost on all follow-on
turbulence studies including Projects Jet Stream, Cloud Trail, Navy
AROWA, ROUGH RIDER, and the ALLCAT Program is estimated to be 25 to
30 million dollars.

The above projects involved inter-agency cooperaticn but were
funded primarily by DoD. Additional programs by DoC, DoT, NASA,
and private airlines also were active in the 1960 time period,
the major projects being the NASA/FAA Turbulent Air Pilot LEnvironment
Research Program and Eastern Airlines research on airborne CAT
'sensors. The costs of these programs are unknown.

3. Numerical Weather Prediction

One key to increased cost-effectiveness in both civil and
military air operations is an increased weather forecasting capability.

This capability, in turn, depends on more sophisticated numerical
models of atmospheric physical processes. Significant contributions

in the area of numerical modeling and forecasting occurred through the

Joint Numerical Weather Prediction (JNWP) Unit in Washington, D.C.

a. Early Develcpment

Lewis F. Richardson's contribution to dynamic meteor-
ology in the 1910-20 period provided the mathematical analysis for the

"Richardson Criterion'" used in turbulence studies and numerical

methods for weather predictions. His early hand computaticnal methods

and his visionary statement that computers 'might go perhaps ten
times faster than he himself' are without a doubt one of the
significant milestones werthy of special mention.

In the mid-1940‘s, John von Neumann, under a Navy contract,
began to build an electronic computer primarily for the purpose of
weather prediction. In the late-1940's, the Air Force joined this
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effort; a basic capability was eventually demonstrated. The Air
Force Air Weather Service's interest in this development provided
support to proceed with follow-on programs.

By the summer of 1952, there was mounting evidence that primitive
numerical methods were capable of attaining an average weather predic-
tion accuracy comparable with that of forecasts prepared without the
use of numeri~al methods. Recognizing the potential of more sophisti-
cated numerical methods, and the equally important advantages of data
processing by high-speed automatic computing machines, a number of
well-placed scientists and military officers ‘brought these new
developments to the attention of the Joint Meteorological Committee
under the Joint Chiefs of Staff. As a result, this committee,
composed of the heads of the Air Force Air Weather Service, the U.S.
Weather Bureau, and the Naval Weather Service, commissioned a special
subcommittee to review the current state of development, to estimate
the trend of development, and to advise the Joint Meteorological
Committee on the desirability of establishing an operational numerical
weather prediction unit. With excellent cooperation from the three
U.S. weather services, the subcommittee completed its survey, made its
recommendations, and drew up the plan for the first operational JNWP
Unit in mid-1953. Briefly, the subcommittee found that numerical
methods of weather prediction had already advanced far enough to
justify an operational national program through the combined resources
of the three national weather services. The subcommittee also recom-
mended that a research and development group should be an integral
part of the first operational JNWP luait.

The subcommittee's recommendations were put irto effect immedi-
ately upon the parent committee's approval, and the SNwP Unit was
officially established on 1 July 1954. By that time, a nucleus of key
people had been assembled in Washington, and, after performance tests
of severzl production models, a high-speed electronic computer was
ordered for delivery in the following spring. From its inception, the
JNWP Unit has been jointly staffed, financed, and supporred by the
three U.S. weather services, with Air Force and Navy officers workirg
side by side with their civilian scientific colleagues. The initial
Director of the JNWP Unit was Dr. George . ressman, and AWS-employed
meteorologist who transferred to the U.S. Weather Bureau about 1956.

The successful numerical models have resulted in an increased

weather prediction capability. A measure of this advance Is indicated
in the 30-hour surface pregnosis accuracy which has shown a 227%
increase in skill since 1958. However, these mcdels are still not
adequate for small scale weather forecasting so vital to the severe
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weather and terminal forecasting efforts. Three major developments
during the last six years are:

(1) The operational boundary layer model
developed at the Air Force Global Weather
Central.

(2) The local area fine mesh numerical model and
the refined giobal numerical analysis
technique developed by the Air Force liaison
group collocated with the National Weather
Service in Washington, D.C.

b. Flow of Technology

The joint cooperative development of numerical
weatiher forecasting for improved meteorological support to aviation
has in general terms been a concurrent inter-agency effort. The
early identification of operational applications to aviation by the
Air Force, resulting in DoD sponsorship, was a highly significant
catalyst to the development of this weather prediction capability.

c. Civil Aviation Benefits

Weather forecasts on a global scale require:

(1) Rapid data acquisition of observed weather
conditions.

(2) Rapid analysis of the data.

(3) Accu:ate, fast computational methods to
avtemine the future state of the atmosphere.

Aviation meteorologists require analyzed weather charts and prog-
noses that provide worldwide weather patterns at several atmospheric
levels within (3-6) hours of actual international observations. The
use of numerical weather prediction techniques has provided the
increased speed necessary for aviation forecasts. The numerical
products provide the aviation met:2orologist timely data necessary for
accurate flight planning, hazardous weather identification and notifi-
cation. NWP has resulted in the incorporation of meteorological
forecasts at operational aviation decision-making levels to idertify
the need for aircraft ground delays to prevent airborne diversions
resulting in:

(1) Passenger dissatisfaction.
/ &jl
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(2) Increasec ground transportation costs.
(3) Increased fuel costs.
(4) Disrupted airline schedules.

d. Subsequent Development

The JNWP Unit no longer exists. However, the Air
Force has approximately three NWP meteorclogists assigmed to the
National Weather Service's Metecrological Center in Suitland,
Maryland. These meteorologists work side by side with the National
Weather Service's NWP personnel to further refine numerical analysis
techniques.

e. RED Costs

The costs, listed below, of developing this highly
significant research effort were minimal compared to the benefits:

Year Agency Cost (Millions)
Mid-1950 DoC/DoD 29.7
1954-61 DoC/DoD 1.6
1965-68 DoD 0.6
1961-1971 DoC/Dob/DoT 2.7
TOTAL 34.6

Salaries for rescarch personnel and expenses involved in
operating electronic computers are included in the above costs.

4. Visibility Measurements at Airports

Pilots require an exact knowledge of visibility
conditions at the time of takeoff and landing, especially during
adverse weather conditions. This information is now instrumentally
derived and reported to the pilot as Runway Visual Range (RVR). Im
the United States, RVR is a derived value, based on standard
calibrations, which represents the horizontal distance a pilot will
see down the runway from the approach end. It is based on the
sighting of either high intensity runway lights or on the visual
contrast of other targets, whichever yields greater visual range.

a. Early Development

The basic work in this instrumentation was done by
C. A. Douglas and L. L. Young in 1945 under a developmental effort
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sponsored by the Civil Aeronautics Administration (CAA). The trans-
r.ssometer, developed as a result of Mr. Douglas' efforts, has since
become recognized woridwide and is the basic instrument used at over
350 locations in the United States. DoC, DoD, and DoT are repre-
sentative governmental agencies that participatsd in work relating
to this system.

In November 1948, the Landing Aids Experimental Station, Arcata,
California, proposed to the Air Forces that measurement from two
transmissometers and a ceilometer, located at the approach and runway
area of the airfield, be used to determine thé official ceiling and
visibility conditions.

The formal evolution of the current RVR concept in the U. S.
probably began with a Memorandum of Agreement between the Weather
, Bureau and the Air Navigation Development Board dated 14 September
1 1951. Under this Agreement, research efforts were conducted by the
' Weather Bureau. The intent of the effort was to increase airport
utilization by improving and augmenting terminal weather observing
techniques. The technical effort included validation of the trans-
missometer calibrations, use of television observations, ceilometer
experiments, and investigations directed toward improving runway
1 weather observations. Flight tests were conducted to cvaluate
‘ operationally the end-of-runway ceilometer-transmissometer systein in
terms of pilot application.

A series of studies were conducted at the National Aviation
Facilities Experimental Center (NAFEC) in the rield of approach
visibility measurements. Flight tests werc conducted from August
1959 to August 1961 to refine the approach light-contact height
techniques developed earlier. Data acquisition was confined to
those weather conditions with cloud heights of 800 feet or less
and/or visibilities of 1 1/2 miles or less.

b. Flow of Technology

The technology of making it safer for the pilot to
sight the runway and to land has been adopted by airfields of all
governmental and private organizations.

c. giyil Aviation Benefits

Visibility measurements arc critical tc a pilot
attempting landings and takeoffs. RVR technology has contributed
si nificantly in prescerving the safety record of aircraft operations
involving passengers and crews.
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1 d. Subsequent Deveiopment

Subsequent work sponsored by the FAA and the
National Weather Service has been devoted to validate the RVR concept
and to establish new techniques and procedures for determining and
reporting RVR values under lower conditions {down to 100 feet) of
visibility. S’ant range visibility along the aircraft approach to
] runways and taxiway visual range are alsc being considered.

e. R&D Costs

I3

; It is estimated that the cost of this development
1 totals several million dollars.
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SECTION 111

CURRENT AND PLANNED R&D EFFORTS

All agencies contributing to this appendix have identified
several important meteorological fol'ow-on programs that will have
direct benefit to the aerospace industry cspecially with regard to
the operational aspect of military and civilian aircraft. Some of
these programs will become realities in the mid and late-1970's while
others will require extended R§D efforts.

In the 1970's, the following advances appear likely:
An increase in the accuracy of weather prediction for
terminal weather conditions by an increased uce of elec-

tronic computers and improved atmospheric modeling,

A better understanding of the technique to negate the
effects of wake turbulence and wingtip vertices.

More precise ground-based instrumentation to observe/
measure weather parameters rapidly and an improved aecrial
weather reconnaissance capability.

Improved weather dissemination equipment.

The ability to modify adverse weather conditions, such as
warm fog and low clouds.

A better understanding of the interaction of atmospheric
pollution and aircraft operations and methods to reduce
or climinate this typc of pollution.

Remote weather briefings to aircrews by automated means.,

By the end of the 1970's and bevond, the following advances
appear assured:

The ability to observe, predict, and avoid clear air
turbulence.

Continuous, recal-time global weather observations by
weather satellites.

Modificaticn of the intensity of hurricanes and typhoons,
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. Receipt of near real-time surface and upper-level
weather observations and forecasts by weather display
equipment installed irn the aircraft.

. Fully automated systems for the measurement and reporting
of aviation weather parameters, i.e., visibility, ceiling,
runway visual range, slant visual range, and taxiway
visual range. '

A. Government

1. Department of Commerce

The National Weather Service of DoC has identified the
following R&D efforts that have prcbable application to civil
aviation:

a. Project Stormfury - Project Stormfury is a joint
Department of Commerce (National Oceanic and Atmospheric Administra-
tion) and Department of Defense (U. S. Navy) program of scientific
experiments designed to explore the structure and dynamics of
hurricanes and tropical storms. The Project's objectives are to
achieve a better understanding, improve prediction, and examine the
possibility of modifying some aspects of these storms. Hurricane
damage is caused by wind, rain, and flood, but principally by the
wind~-driven storm surge which sends the sea onto the land. If the
wind speed, and hence the wind force, of hurricanes can be lessened
(see Figures 1 and 2) as they apprcach land, both death and damages
may be reduced materially.,

Since the beyinning ot this century, the hurricane death toll
has declined warkedly as observation, prediction, and preparedness
have improved. In the decade 1900 through 1909, more than 8000
people were killed by hurricanes in the United States. Since 1940,
hurricane-caused deaths exceeded 500 in only one five-year period --
1955 through 1959. However, the decrease in loss of life is in
contrast to the sharp increase in property damage during the same
period (see Figure 3). Adjusting damage totals to the 1957-59 base
of the Commerce Department's composite construction cost jndex,
hurricanes caused less than $400 million in damage during the five-
year period 1925-2Y9, while deaths exceeded 2000. For the five-year
period 1960-64, hurricane damages were nearly $1.2 billion, while
the figure for 1965-69 rose to more than $2.4 billion. One hurricane
of 1970, Celia, struck the Terus coast on August 3, causing 11 deaths
and an estimated $454 million damage —- the fifth highest hurricane-
damage figure in U. S. history. The dollar cost can be expected to
continue climbing as greater numbers of expensive buildings are
constructed in vulnerable coastal areac.
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Stormfury scientists estimate that if Federal hurricane modifica-
tion research continues at the present level for a decade and, in that
time, if one severe hurricane such as Camille can be weakened so that
damage is reduced by as little as 10 percent, the investment will have
returned tenfold.

Assisting the Stormfury effort is the U.S. Air Force's 53rd Wea-
ther Reconnaissance Squadron, baszd at Ramey AFB, Puerto Rico. One
of the Squadron's missions is to provide the DoC's National Weather
Service with round-the-clock hurricane warning information. This Air
Force Air Weather Service Squadron, referred to as the "tlurricane
Hunters', has supported Stormfury by providing hurricane reconnais-
sance data as far as 2,000 miles from Puerto Rico. In 1971, the
Squadron's WC-130 aircraft participated in Stormfury ''sceding"
activities. Air Force Air Weather Service activities in Stormfury are
expected te increase when the Project is moved to the Western North
Pacific in 197z or 1973.

Benefits to aviation which may evclve from Project Stermfury
include:

(1) 'The reduction in damaging wind speeds through
cffective seeding metheds will reduce the
magnitude of aircraft evacuations from affected
geographical areas.

(2) The reduction of damage to aircraft and aircraft
auxillary cquipment and facilities.

(3) Improved aviation operations, i.e., operations
could continue for later periods, resume at
earlier times, and reduc the diversion of air-
craft cnroute.

b. Weather Prediction - Improved foreccasts of terminal
area weather to include the prediction of cloud bases, visibility, and
wind are included in the National Weather Service's plans. Numerical
and statistical methods will be employed to improve such forecasts.
Also, existing clectronic computer models will be adapted to derive
trajectory forecasts and develop automated techniques for predicting
severe storms, e.g., tornadoes, and the sterm's intensity.

¢. Weather Dissemination Equipment - To satisfy the
data requirements of users at various locations, the Nationat Wcather
Service is determinirg the best methods for mass dissemination of
weather information using clectronic computer programs. Eauipment to
be employed include television, radio, and telephone lines. The

.
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Departments of Defense and Transportatior are also planning for mass
dissemination of weather information.

d. Weather Observing Equipment - An Automatic
Meteorological Observing Station (AMOS) and a remote version of AMOS,
i.e., RAMOS, are being developed as self-contained, automatic
observing systems. Two weather parameters of vital interest tfo
aviation, i.e., visibility and ceiling, cannot be automated at
present. However, automatic visibility observing equipment is under-
going test evaluation and ceiling equipment using infrared sensors
and laser technology are under consideration. ’

e. Weather Radar - A digitized radar experiment
(D/RADEX) has been designed to determine the applications of
digitized radar and to recommend @n ensuing operational system. Four
radar stations have been provided with equipment to convert radar
signals to a digital format. The experiment will have application to
all types of aviation because of radar's role in observing severe
local storms. Specifically, the experiment will help to determine
the role of computer technology in analy:zing thunderstorm intensity
and movement, as well as the computer's role in helping to
communicate timely wdarnings. The Alr Force has identified the
probable use of digitized radars to support its operational require-
ments through the 1$80's (see para 2a(3)).

2. Denartment of Defcnse

Air Force

The Air Force is currently planning several meteor-
ological efforts with "spin-of{s" benefiting civil aviation. These

efforts include the following:

a. Mission Analvsis on Air Force Weather Mission - 1985-
In August 1972, the Air Force completed a study to evaluate the impact
of the natural aerospace euvivoument on Air Force and Army umissions
through 1985 and to determine the type and quality of weather support
required for the 197:-1990 time period. Probable areas of R&D which

will be addressed ave:

(1) Increased meteorolopical satellite resoluticn.

(2Y on-board metcorclogical satellite normalization,
recoiflostion, and digitization to lessen
ground vrocessing requirements,

(3) Digitized weather rodar data and improved means

of transmission.

r, »
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On-board aircraft weather displays.

(4)
(5) Increased communications efficiency via
communication satellites.

(6 TImproved globai weather models to inclide
solutions to truncation errors (errors result-
ing from the approximation of mathematical
derivatives) and stability problems.

(7) Techniques for remote sensing of weather
parameters in denied areas by utilizing
microwave and satellite systems.

b. ' tlear Air Turbulence - Experimental investigations
are continuing .. ctudy the nature of turbulence in the clear
atmosphere at jet flight altitudes. The purposes of these studies
are to develop improved techniques for forecasting CAT-prone areas
and to establish a meteorological basis for thc development of air-
borne devices to detect CAT ahead of the aircraft. Increasing
evidence indicates that CAT is the result of the breakdown of wave-
‘like motions in layers where there are strong vertical wind shears.
While significant progress has been made in identifying turbulence
with specific small -cale meteorological featurcs, further progress
requires increased knowledge regarding:

f1) The time and space variations of these features
The relationships of these features with those
on the larger scale, i.e¢., the usual
operational scale of information and analysis.

To that end a concentrated field observation program of an
exploratory nature was carried out with measurements obtained from
radar, aircraft, and special meteorological observations. A follow-
on program was conducted by the Air Force Cambridge Research
Laboratories during a 6-week period in early-1972 over western Texas.

Turbulence created in the clear atmosphere by strong vertical
wind shears can seriously affect aircraft travel. CAT is especially
troublesome because it is encountered unexpectedly without visual
evidence to warn the pilot. Encounters with CAT become more numerous
and costly as the frequency of jet tra-_pert operation increases.

CAT can cause not only passenger discomfort and occasional serious
injury or decath, but also structural dumage. This technological

advance has important impiications for other agencies such as the
Departments of Commerce and Transportai.on.
conducting related investigations.

These agencies are
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c. log Dispersal

(1) Supercooled Fog - Supercocled fog (i.e., fog
composed of water droplets at subfreezing
temperatures) restricts aircraft operations at
military and civilian air terminals during
winter months. While it has been known for
yoars that certain seeding agents could be used
to dissipate such fogs, it is only within the
la:t few years that theory has been translated

/

into routine operational results.

There are two ac~epted methods to dispensc the seeding agents
into supercooled fog, airborne and ground-based. In the United
States, the United Air Lines empioyed the first operational super-
cooled fog dissipation system during the 1963-64 time period; the
system dispersed crushed dry ice from light aircraft. This airborme
system has proven successful and today approximately 20 to 25 other
airlines and airport managers now share in the cost with the United
Air Lines for this type of seeding. In 1967, the Air Force adopted
this technique. The Air Force uses a WC-130 aircraft on an
operational basis to dispensec crushed dry ice at ten bases in the
United States and Lurope.

The second dispersal method was developed by the Air Force and
incorporates ground-based liquid propane dispensers presited to com-
pensate for the local wind conditions occurring most frequently with
supercooled fog. The dramatic succuss of the rirst such Air Force
system at Faivchild AFB, Washington, led to the recent installation
of two more ground svstems at bases in Lurope and Alaska. Based upon
*he past three vears of technique rvetfincment by the Air Force, the
engineering development of standard: “od, vemote-operating, prcpane-
dispensing ecquipment has beer divected. 1t 15 e¢stimated that
approximately one million R4 dolizre will be required to dcvelop
this dispensing system.

0f the two supercooled fog dissipation techniques being used
operationally, the pround-based approach, in particular, offers high
potential value for use in =upport ot civil aviation. Upon completion
of the equipment enginecring provram described above, the Air Force
will have accompliched all nocestay tochnique and hardware develop-
ment action for routinc u-c o ground wystens ar fixed air terminals.

(2) Wara Iog - Warm tog (i.c., fog composed of water
droplets wv temperatures greater than freezing)
has succe sfually rovisted most attempts to
dissipate it on an operational basis. Tt has
been realized for many vears that both heat and

1 g 44



http://www.abbottaerospace.com/technical-library

LI

hygroscopic (water ahsorbing) seeding were two
techniques theoretically possible. In recent
years the use of helicopter downwash has been
investigated as a third possible technique.
Currently, it is felt that heating methods are
more teasible for operational systems. No
provea operational capability currently cxists
in the United States.

On the other hand, French heating experiments using jet engines
have shovn the capability to provide the necessary clearing in the
approach and landing areas. Following the French lead, AWS conducted
a test in January 1968 using four C-141 aircraft spaced 750 feet
apart along the runway at Travis AFB, California. In cach of three
five-minute tests the visibility was raised from less than 1000 feet
to greater than 4000 feet. During 1972 and beyond, the Air lorce
Cambridge Research Laboratories will te investigating the use of
heated plumes to produce similar results. The Air Force will probably
pursue the development of a prototype system for warm fog dissipation.
An operaticnal capability is planned by 1977.

The application of a warm fog dissipation capability to civil
aviation is obvious. Warm fog comnrises 95% of that fog in the
United States which hampers airline operations and causes an economic
loss to the airlines of over 75 million dollars annually. At this
time there are no known plans for the development of a heat-based
warm fog dissipation system for use at civilian fields. As a result,
the devalopment work by the Air Force will be viewed with a great
deal of interest by all aviation agencies in the United States. The
dissipation of warm fog by seeding agents is also under investigation
by the commercial airlines and governmental agencies (see paragraph
"b" under Navy and paragraph "d" under the Department of
Transportation). However, disagrecment exists regarding hygroscopic
and non-hygroscopic seeding agents. This disagreement, hopefully,
will be resolved by currently planncd airline and governmental R&D
efforts.

d. Digital Graphics - in 1958 the Air Force stated a
requirement for a modernized graphics capability as part of the
communications subsystems to disseminate weather data. TIn 1959 the
Air Force identified the specifications for a graphics system to
operate in a digital mode, have a speed ratio of 8:1 over !20 scans
per minute analog facsimile, and give a good black-on-white copy
with resolution of 100 lines per inch. Basic to the equipment need
was the requirement to move existing weather charts at a higher rate
in order to increase their usability at Air Force bases as well as
to give an increased capability for more trvaffic. “he system would
replace all Air Force facsimile worldw: '~ and, in the Continental
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United States (CONUS), would supplant drops on the National Facsimile
and other systems. Initial development was done by United Aircraft
Corporation (UAC) on an Air Force contract. A follow on contract

was let to Edgerton, Germeshausen, and Grier (EG&G) Corporation in
June 1967 for development and delivery of 125 recorders and 20
transmitters. Currently, the equipment developed by EG&G (AN/GMT-3
transmitters and AN/GMH-5 receivers) is lLeing tested. Production is

1 scheduled to start in July-August 1972. Existing plans are to deploy
the digital graphics equipment to overseas locations prior to
implementing it in the CONUS. The European areas are scheduled first.

This system could well be the begianing of a change-over to a
digital system throughout the U.S. civil facsimilc systems. It
could have significant value in that R&D costs will already have been
borne by the Air Force. U. S. civil aviation forecast support is
heavily dependent upon the civil facsimile nets for Department of
Commerce's National Meteorological Center and National Weather
Service's weather products.

e. Remote Preflight bBriefings - The Air Force is
planning to replace the present face-to-face veather briefings at
base weather stations with remote briefings from a centralized
facility. This is expected to result in more effective use of the
specialized capabilities of the Air Force Global Weather Central
(AFGYC) to maintain a high qualitr of pilot weather briefings and
reduce overall manpower requirements. The proposed remote briefings
wili emulate the briefings given todav bv a qualified forecaster in

a hase weather station; howvever, the bviefings will be given

remotelv from AFGWC. The facilities and resources available to thie
briefer will be superior to those available in the field. Briefing
hardware will consist of a telephone voice link, television screens
for simultaneous display of hriefling +ids, botnh to the biriefer and

to the pilot, and a teletype printer to provide recorded information
to the pilot, including computer flic1 plans. Since off-the-shelf
equipment will be uwtilized for i ciefing sestem, no T'S) funding
for this program is anticipatca sae eost o of equipment is expected
to be about $70,000 perv brieling station. The Air Force plans to
inaugurate centralized oricling service to 10 bases in lare 1973, and
expand it to av additional 27 bHases guring 1974, Further expansion of
the system will t.xe place as aecessary, with the potential of

nandling all Air Tource bLriciing stotion= in the CONUS. This concept
of centralized pilot veat.cr brielings has an immediate application
in support of civil aviativo. The ¢xporieare wccenmulated in building
and using this system will bu tvanstercable to the civilian aviation
community. It could be implemeinted Ly individaal airlines, or by
governmental agencies. [ie proposed R& pr-ograms in this area by the

DoC and the DoT will greatly benefit from these initial efforts by the
Air F.rce.
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f. The Airborne Weather Reconnaissance System (AWKRS) -
AWRS is intended to significantly upgrade the capability of the Air
Force to conduct tropical storm and routine aerial weather
reconnaissance. This improved capability will be provided through
use of an integrated system comprising state-of-the-art sensors,
autcmatic data processing, and improved data transmission facilities.
Sensors will be provided to accurately measure flight level
temperature, pressure, dew peciit, altitul:, sea surface temperature,
wind speed and wind direction. In addition, improved sensors will be
employed to measure temperature, pressure, and dew point from the
aircraft to the earth's surface. An improved -navigational system
will be integrated to provide for precise location of storm features
and meteorological conditions. Automatic data processing and display,
mission control subsystems, and improved data transmission equipment
will be emnloyec for reliable, fast and accurate relay of
meteorological data for use by all weather services thus benefiting
civil aviation. The acquisition of AWRS will require approximately
12 miliion in R&D FY 73 dollars.

g. Project Seek Storm - This project will provide the
Air Force with an improved airborne weather reconnaissance radar
system. The system will furnish Air Force aircraft with an improved
capability to collect vital data for the prediction of tropical storm
movement and strength. A prototype system will be designed and
developed for integration into the Airborne Weather Reconnaissance
System. The prototype system will be ground and flight tested to
Jetermine the adequacy of the design concept and to provide
sufficient information to enable the Air Force to make decisions
regarding follow-on procurement of production models for installation
in AWS aircraft. Approximately 20 to 25 million R&D FY 73 dollars
will be required to acquire this radar. Tropical sterm data is also
used by the National Weather Service of the Department of Commerce
and utilized by the civilian community including civil aviation.

h. Weather Prediction ~ A key to increased cconomical
operation of aircraft, especially commercial aircraft, is an increase
in weather prediction capabilities. These capabilities, in turn,
depend on more sophisticated numerical models of development tasks
now underway that will contribute to the total national capability
in atmospheric sciences. These constitute [ollow-on deveiopment to
eliminate known shortcomings in current operational models. The
trend is toward models which predict weather directlv rather than the
pressure/contour patterns of the past.

Numerical prediction depends criticaliy on the initial
observational inputs to the prediction mod2l. The initial conditions
are provided by an analysic technique. The Air Force Svstems
Analysis and Design Group located at the Air Force Global Weather



http://www.abbottaerospace.com/technical-library

Central is developing an improved weather analysis technique. When
operationel, this technique will provide the initial condition for

weatner prediction models to ‘mprove forecasts for both military
and civilian users.

In September 1969, a new resecarch program was undertaken by the
Air Force Cambridge Research Laboratories directed toward improved
short range (0-3 hr) forecasts of local weather conditions that
restrict or impair the safety of aircraft operations (i.e., low
ceiling and visibiiity, strong surface wind, and severe local
storms). Automated techniques will be used to acquire, process, and
Jdisplay surface weather observations from a fine-scale network of
statjons now being established in eastern Massachusette., Real-time
mesoscale forecasting experiments will be carrled out based upon data
from the 20-station experimental network, which will have a station
separaticn varying from 1/2 to 5 miles. A prime objective of the
new program is to determine the benefits to be derived from
computerizea radar and mesoscale weather observations. An assoclated
objective is to examine the consequences of compromise between
network density and weather forecasting accuracy.

i. Atmospheric Pollution - A technique to positively
identify the source of a smoke plume is currently being developed by
the Los Alamos Scientific Laboratory which is operated by the
University of California for the Atomic Energy Commission (AEC).
Assisting in the developmental effort is the Air Force's 58th Weather
Reconnaissance Squadron based at Kirtland AFB, New Mexico. This
Squadron collects samples of smoke plumes at low altitudes and
docnments the plumes' locations, dimensions, and diffusion by high
altitude photography. The Squadron is experimenting with a wide
variety of pnotographic tilm and developiny techniques to determine
various characteristics of the plumes. One geal of this type of R&D
activity is to establish aviation's contributions to atmospheric
pollution from the carth's surface to supersonic aircratc altitudes
(approximately 65,000 feet). Another goal is to determine the
application of smoke plume sampling and high level photogrophy to
ecological und environmental dil ‘usion studies.

The AEC efjort, with support from Air Force aircraft, relates
directly with WASA's Lewis Resc irch Center upper atmospheric
pollution program (sece page 57 ).

j. Paty Acquisition - Due to an Air Force requirement
to disperse strike and reconniissance aircraft globally on a very
short notice, the Air turcc slobal Weather Central (AFGWC) developed
an automated, aviation -oriented, immedi.itely accessible meteorclogical
data acquisition system. Bv 1970, AFGUC integrated surface observa-
tions, upper-air daca, aircraft reports, and weather satellite
information into the system. A key accomplishment included techniques

48
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to extract quantitative meteorological data to include cloud amount,
type and height from satellite data. Not only is the AFGWC system
the most complete and comprehensive data base known to exist, but it
ic aviation oriented. It provides observed and forecast wind data
and significant weather for custom tailoring into computer flight
plans, point weather warnings, or terminal forecasts. Any AWS unit
with th» proper communications can query the data base for specific
information and receive a reply in one or two minutes. This has
allowed AWS to decrease the total amount of data distributed to
field unics, avoid human errcrs, and permit mgre efficient use of
communication systems.

The AWS aviation-oriented, immediatcly acoe - . -le mereorological
data base was developed and made operational for the support of
military operations. The technical details of this system have been
published in open literature and are available to the ciVvil aviation
community. These techniques and concepts can be implemented to
support civil aviation. A data base oriented to the specific pur-
pose of providing better service to aviation would have significant
benefits to civil aviation, both in terms of flight safety and
economy .

Navy

a. Project Stormfury - This Project is a joint Depart-
ment of Commerce and Department of Defense effort (see the DoC input
on page 38).

b. Fog Dispersal - The Naval Air Systems Command's
Project Foggy Cloud is developing a warm fog dissipation system
designed to improve aircraft operations under adverse fog conditions.
Foggy Cloud's goals are to develop promising hygroscopic agents
(substances that accelerate the condensation of water vapor), spray
systems, and techniques that will reduce or eliminate warm fog
restrictions of ceiling and visitility. This type of modification
wiil help to eliminate those atrospheric conditions which curtail or
inhibit aviation operations, bot:i commercial and military. The
estimated cost to civil aviation operations due to fog restrictions
amounts to 75 million dollars annually. By the end of FY 72, the
Navy estimated that 2.3 million R&D dollurs had been expended to
develop this dissipation systenm.

c. Emergency Air-Droppabic Weather Buoys - A notable
example of the Navy's R&D activities is the air-droppable weather
buoy. These small packages can be dropped from any height into the
ocean, where they will float for several days before power failure.
The surface weather information, including the height of the waves,
is transmitted upon demand to the inquiring aircratt using VIF
radio. The Naval Air Systems Command is within two years of
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successful prototype deployment of this system and the ongoing
technical achievements have been made available to the National Buoy
Svstem for use in the development of the air-droppable buoy. It is
probable the: many civil aircraft will carry one of these tuoys as
part of their overwater emergency package. In cases of aircraft
ditching at sea, the easy deployment of this buocy will ensure that
the pilot will know the actual wind speed, wind direction, height

of thz waves, and altimeter setting for his emergency landing.

Army

,

a. The U.S. Army is now conducting an active research
program which will lead to the development of remote atmospheric
sensing systems. Such systems will permit the real-time measurement
of such atmospheric parameters as temperature, density, wind speed,
and wind direction between the surface and 50,000 feet. Use of such
systems will also provide a capability for real-time surveillance of
atmospharic parameters along remote air routes.

b. The U.S. Army is now developing an Automated
Meteorological System (AMS) which will provide a means to organize
available meteorological observations within a given geographical
arca and to process, summarize, and transmit in near real-time
atmospheric information required for military operations. Utilization
of state-of-the-science analysis techniques and available equipment
will result in a first-generatiou system by 1976. Such a system will
be of considerable value in the detectiorn and tracking of mesoscale
weather phenomena that affect civil aviation.

3. bepartmentr of Transportation

Federal Aviation Admiristration

FAA's National Aviation System Plan, National Aviation
System Policy Summary, aud the joint DoT-NASA Civil Aviotion Research
and Development (CARD) Implementation Plan have identified significant
efforts that directly benefit civil aviation. These efforts include
the following:

a. Wake Turbul.nce - Accuracy in forecasting atmospheric
phenomencn such as wake turbulence is expected to increase due largely
to improved technolegical innovations in weather observing and
reporting. The efforts to detine che effect and impact of wake
turbulence on aircraft, to dcetect and disseminate its presence and
intensity and duration, to integrate these data with other data into
the Air Traffic Uantrol system, and to reduce wake turbulence effects
tihirough procedures and/or dissipation methods are planned under FAA's
Weather Information Prograu.
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The activities include:

(1) A flight test program at an instrumented
facility to determine wake generation and
propagation characteristics of given aircraft
classes.

(2) The prediction of wake path and intensity as
a function of weather to include temperature
and winds and aircraft characteristics.

(3) Determination of separation of aircraft as a
function of time after passage of the
generator, the characteristics of the aircraft
pair =nd the environmmental conditions.

(4) Development or criteria and procedures in
accordance with (3) above.

(5) The development and testing of sensing,
detection, and dissemination systems for
ground-based application.

(6) Studies of cost-effectiveness and benefits
to wake sensing systems.

A test facility for providing standards and quantitative data
to evaluate various techniques is planned. Results from NASA efforts
to modify the aircraft to reduce wake turbulence at the generating
source will be tested and evaluated as a separate activiry. The
development and testing of ground-based systems to dissipate the near
surface wake turbulence will also be carried out. Wake turbulence
funding in millions of dollars through 1981 is planned as follows:

1972 1973 1974 1975 1976 1977-81 1972-81
2 2 2 2 2 10 20

b. Data Acquisition - This effort includes sustaining
engineering efforts to provide for improved availability and more
cost-cffective operation of the present FAA inveutory of weather
devices, such as transmissometers, runway visual rangc (RVR) systems,
rotating beam ceilometers, wind equipment, altimeter setting indicator
equipment, and hygrothermomecters.

Also included are research and development activities to improve
present methods of measuring visibility and ceiling information pro-
vided to the pilot and controller. These efforts inclnde development

4 , —
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and test of devices to measure very low visibilities (less than 600 w’
feet RVR) as well as the development and test of data acquisition

devices to measure slant range visual range and oiher required visual

range data for airport operations. Efforts to autcmate the measure-

ment of ceiling are also included.

Methods of detecting and sensing the location and intensity of
turbulence from airborne and ground-based platf:rms will e carried
out under this program element. Clear Air Turbulence (CAT) and
turbulence associated with severe storms will be studied, analyzed,
r and measured. This work includes joint programs with the NOAA, DoD,
JASA, and other governmental agencies.

A measure of the intensity, location and duration of wind shear
in the lower few thousand feet of airspace surrounding air terminals
provides important iniormation for the safe efficient control of
terminal air operations. Representative wind data for landing and
departure operations ‘mproves the operation of the individual aircraft
and can assure effective assignment of the active runways. Develop-
ment activities to provide both wind shear data and representative
wind infurmation for aviation use are included.

i An additional effort involves developing and testing automatic
E and/or semiautomatic weather stations for use in those tower
: facilities where FAA provides needed weather observations.

c¢. Data Processing and Distribution - Efforts in weather
data processing are directed at providing automated forecasts (not now
available) as well as improvements in forecasting accuracy. Efforts
to improve the forecasting on severe weather, winds aloft, terminal
weather conditions, very shorc terminal wind shifts which require
cliange of an active runway, aud foreccasts of other significant

weather data are provided in this effort.

This effort also includes plans to provide the annotations of
severe weather on disvlays for usc of controllers and otluer users.
The effort iancludes consideration of interpreting the acquired infor-
mation prior to its display and determination of what cata should be
displayed as well as developing, testing, and evaluating the final
method. This work is interreiated to work efforts in the enroute
and terminal tower programs. Jata Processing and Distribution fund-
ing in millions of dollars through 198l is planned as follows:

1972 1973 1974 1975 14706 1977-81 1972~81

0.5 0.5 0.5 0.5 U.5

2.5

5.0
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d. Fog Dispersal - Fog dispersal activity provides for:

(1) Testing of a ground-based cold fog dispersal
system at an airport in the western United
States and the development of system specifica-
tion for such systems.

(2) Monitoring of on-going airborne fog dispersal
efforts including conducting field measure~ment
programs to opbtain quantitative data for
assessment of the elfectiveness of such
dispersal efforts.

(3) Feasibility studies and field tests of various
techniques of warm fog dispersal, including
full scale testing, when required, of systems

F leading to development of operational specifi-

cations and installation standards.

e. Weather Observing Equipment - The essence of the
National Airspace System weather support for aviition is the tirely
availability of reliable and operationally useful weather information
] to all users. While drawing upon the National Meteorological Service
System (NMSS) for many requirements, the FAA has the responsibility
to provide additional observations and analysis required for aviation
purposes only. These include supplemental observations and data
collection, and the dissemination of aviation weather data.

’ Weather observations must be provided at all locations where
1 there is an FAA control tower. No airport may be utilized as an
4 instrument flight rules (IFR) alternate airport unless weather
otservations and reporting facilities are available.

Therefore, FAA's goal is to enhance the speed, accuracy and
timeliness of FAA weather observations while reducing the observer's
i workload, and to provide automatic equipment. Criteris for the
! establishment of weather observing equipment at flight service statiors
! (FSS) form a part of Airway Planning Standard Three as follows:

(1) Rotating Beam Ceilomet ¢ (RBC) equipment
should be established "o take v :ather obscerva-
tions full time at airyorts scerved by certified
scheduled air carricers.,

(2) Direct-Reading Hygrothermometers will be pro-
vided to all £SS facilitics 1 ~ponsible for
weatlier observations.
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(3) Automatic Mectcorological Observing Stations <
(AMOS) may be established at airports which
provide less than 24 hour air operations but
require weather observations 24 hours a day
to support the Weather Bureau aviation fore-
cast program.

f. Automated Preflight Briefin<., - A requirement exists
to provide an automated weather and aeronautical information storage
and retrieval system to increase the spced of the pilot briefing
process, improve its quality, and promote greater understanding and
use by the pilot.

Present briefing methods are manual and inefficient. Briefers
arc required to obtain needed weather and acronautical information
from copies of teletypewriter reports which are usually displayed on
clipboards (or similar devices) and wall maps. This requires
frequent shuffling through masses of paper with a consequent wide
margin for crror through omission of pertinent data. The briefer's
file of data must include information on a nationwide and inter-
national basis. It has bcecome necessary to install additional tele-
typewriter equipment at many locations for the sole purpose of pro-
viding multiple copies of acronautical weather information. At some
locations, up to lo additional man-hours daily are required to cut
and distribute these multiple copies to thc several briefer's data
iles.

Siace 1967, the agency has been conducting research to determine
the feasibility of automating the briefing process. Current study
-avolves methods to provide the pilot with a computer-type flight
profilce containing all nccessary meteorological information for his
routce of flight. The ultimate goal of providing a direct, automated,
pilot briefing service will also yicld improved manpcwer productivity
and increasced accuracy of weather and acronautical data.

In additicen to the current RGD efforts, other syste.s under
review within the agencey to improve the briefing process include the
following:

(1) Closced circuit television to portray current
weather data at FSS briefing positions.

(2) Cowputer storage and retrieval systems with
video displia;s and hard-copy readouts te pro-
vide weathor and aeronautical information at
FSS briefing pasitions.

10
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(3) Videophone systems.

(4) Computer storage and retrieval systems providing
teletypewriter hard-copy of weather and
aeronautical information along a pilot's rcoute
of flight. The input/output devices for this
system could be located at non-FSS airports to
provide direct pilot access.

A tentative goal is to satisfy 90 percent of the average pilot's
briefing and flight plan requirements through -automated means. The
remaining 10 percent would represent individual requests for complex
or non-youtine informatior.

The automation of the pilot briefing process is a vital
necessity in meeting forecast demands for aviation services.

g. Enroute Weather Analysis znd Prediction - The most
significant parameters at the upper flight levels are wind, air
temperature, and the possibility of encountering clear air turbul :n-~,
Improvements in forecasting these [crameters have lagged behind air-
craft utili . _ion of the upper airspace.

There is an additicnal need to improve enroute weather information
at the lower flight levels for those general aviation pilots who must
operate under visual flight rules (VFR).

The FAA has research and development efforts under way with the
National Weather Service to address the above requirements. Specific
purposes of these efforts are:

(1) To develop suitable technigue. for automated
production of forecasts of meteorological
elements for flight levels between 40,000 and
100,000 feet, and to initiate research leading

to preparation of forecasts for levels above
100,000 feet.

(2) The developmen* of techniques for preparing and
presentirg more detailed and accurate forecasts
of enroute westher for general aviation pllots.

(3) The development of techniques for proaucing
analvse- and forecasts of areas of clear air
turbulence that are detailed and accurate in
delineation of space, time and intensity.

106

55



http://www.abbottaerospace.com/technical-library

— | S 2 PRI S T A BT T W AT T
- g e Lo bld s 7 Bap o

h. Aviation Hazardous Weather Techniques - Losses
running into millions of dollars have resultea from aircraft accidents
eitner caused by or related to turbulence. A requirement, therefore,
exists to provide improved weather warning information regarding
turbulence and its avoidance at jet altitudes and speeads.

There is no agency-approved system to satisfy the requirement.
The FAA is supporting research to determine data acquisition methods
for weather warning information. Methods under investigation
include doppler radar, fine grain weather radar, and analysis of
data derived from other governmental weather networks such as high
velocity wave plienomena (gust front) that is conducive to extreme
gusts at ground level. A joint long term program with the National
Severe Storm Laboratory (NSSL) will investigate the application of
doppler radar to discover potentially dangerous convective storms.

The goal of FAA then is to develop a warning system providing
accurate and timely information rcgarding hazardous air turbulence.

4. National Acronautics and Space Administration (NASA)

NASA's Rescarch and Technology Operating Plan Summnary
and Research ard Technology Objectives have identified the following
efforts that either directly or indirectly bencfit civil (aud
military) aviation:

a. Upper Atmospheric Pellution by lligh-Altitude
Atreratt - NASA's Lewis Rescarch Center plans to contract with a
wumber of airlines for studies leading to the installation of
lnstrumentation on commercial aircraft to menitor pollutants in the
world's airlanes. Requests for :tudies of the irstallation and
operation of the instrumenu packoges wiil begin in 1972, Test
flights would start in the spring of 1473. Airlane monitoring of
pollutants on a glebal busis could provi ™ engine designers, fuel
researchers, wnd environmental specialists with new insi ots into
the rature and scope of upver-atmospheris pollution by hign-altitude
aircraft. Data accumulated in the propused flight program would
provide a bascline agaiust which long-term trends in pollutant levels
could be monitored and cvaluated and from which engine and fuel
changes needed to meet envirvamental standards could be deduced.
Atmospheric monitoring weuid be performed by automatic instrumentation
over worldwide long-houl aivr routes such as Los Angeles-London or
Los Angeles-Sydney in a program pianned joint)y by NASA and the
National Oceanic and Atmospheric Administration (NOAA). Carrier air-
craft would have to be cquipped with inert.at navigation systems to
correlate sensor data to the airplane's position and altitude., The
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airlane data would be supplemented by out~of-lanes data gathered by
NASA's Convair 99G research airplane operated by the Ames Rescarch
Center. Lewis Research Center is investigating the possibility of
equipping 10-15 airplanes with five to six jnstruments to detect and
measure the concentration of gaseous and particulate pollutants in .
the troposphere and lower stratosphere, including:
(1) Hydcrocarbons.
| (2) Oxides of carbon, nitragen, and sulfur.
(3) Ozone.
|
(4) Water vapor.
; (5) Particulates, including carbon, sulfates, and
F nitrates.

b. Atmospheric Parameters - NASA plans to define the
atmospheric conditions in which turbulence, temperdture transients,
] potential pressure altimetry problems, and excessive wind shears occur,
1 The major emphasis is the atmospheric environment of high speed, high
altitude aircraft. Developmenu and acquisition of sensors nceded to
: measure these phenomena are also included. Results of this work will
be applicable to aircraft systems design as well as flight operations
routing and scheduling. Observations of these phenomena will be
obtained from instrumented aircraft test flights. The associated
meteorological conditions will be analyzed and studied both in-house
and on contract.

In another effort, NASA plans to investigate and deline atmos-
ph:ric parameters for use in the design and development of
operational techniques of conventional and V/STOL flight vehicles.
Certain parameters, such as atmospheric turbuience and hail
associated with thunderstorms, represent distinct flight hazarde and
are important considerations to the structural design and the
stability and control charactevistics of the airplane. Acrosols and
other contaminants reluate to the operational problems of airport
slant range visibility and sonic boom research. The large concentra-
tions of jet engine exhaust products in local airport areas are
becoming of increasing concern to the atmospheric pollution problem,
causing reduced slant range visibility for landing and takeoff
operations and public dissatisfaction. These and othker atmospheric
parameters will be studied through tlight measurement and ground-based
experimental pregrams and the results correlated wich theoretical
calculations. The goal of this effort is tc define the development
and growth of contaminated areas anc to define methods for the
preveation, identification, and reduction of these conditious.

1£8

n
~d

T " - ks ki



http://www.abbottaerospace.com/technical-library

R S O BRI T R R PV BT T T i e VAT T T T A T T e e T e - el N

f

¢. Clcar Air Turbulence - In this effort, NASA plans to
exploit the FPS-16 Radar/Jimsphere balloon system and Marshail Space
Flight Center's Ground Wind Measurement Systems co achieve a better
understanding of atmospheric turbulence i{or the definition of atmo-
spheric parameters required for aircraft design and operation. This
will be accomplished by establishing the relationship between high
resolution wind and temperature profiles and aircraft observations
of CAT and the association of these profiles with synoptic and
riesoscale weather conditions which produced these profiles. The
results of this rescarch, coupled with the CAT laser doppler
detection system, should better estabiish the relationsiiin between
caee and effect and improve current CAT predictions and detection
capabiiities besides aiding in the development of remote CAT sensing
systens .

d. Weathar Satellit: Data - The application of weather
satellite data to the quanti:ative measurement of meteorological
pnenomend is ancether NASA planned R&D eftort. Specifically, satellite
data 15 applied to determine sea surface temperature, vertical distri-
bution of atmospheric temperature, humidity, ozone, and cloud motions
(winds) from geostaticnary weather satellites. Applications of these
derived parameters may then be made to studies of mesoscale systems,
planetary scale phenomena, stratospheric circulation, the radiation
heat budget, and climatic change. This advanced continuous global
meteorological observing system is expecred to improve both long-term
and short-term weather forecasts required for civil aviation planning
ant darly operational aviation torecasts. Improved sensors on the
NINBUS I osatellite will identify atmospheric pollution, possibly
alone olobal airlanes,

e. Airborne Metcorology Program - A necessary first step
in the development of satellite instrumentation, for remote sensing of
the earth and atmosphere, is to obtain information basic to the under-
standing ot factors intluencing the spectral signals to be observed
from space. To conduct basic meteorulogical studies and to support
satellite instrumentation development and data analysis, NASA plans to
provide an airborne platferm carrying instruaentation for meteorolog-
ical measurements. [Lxperimcats will bc mounted and flown aboard the
Convair 990 (NASA 711) and a leased Leas Jet. Local or global
experiments are possible with the Convair 990. The Lear Jet will be
used primarily to fly onc o two =~mall experiments on a local scale.

f.  Atmospheric hweather Modification - Several R&D
efforts are planned in this wrea.  This inciundes studies in strato-
spheric photochemical changes resulting from aircraft engine
exhausts; contrail effects on climatic change; geophysica. modeling
of exhaust emissions; terminal weather modification due to air
traffic; and atmospheric heat budget balance related to the effects
of engine exhaust. The estimate of five year R§D cost for these
programs is $22.4 million.
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SECTION IV

SUMMARY

e —

A. Findings and Conclusions

Various governmental agencies, e.g., DoC, DoD, and NASA have
been involved in the development of vertical sounding systems since
1936. These sounding systems have served the needs of the civil
aviation fleet (and the military) by providing accurate observations
of temperature, pressure, humidity, and winds ‘throughout the vertical
extent of the atmosphere to epproximztely 100,000 feet.

For the pas! .. years, DoD has been, and will continue to be,
the sole agency t 't has provided aerial weather reconnaissance. The
data gathered from the Arctic regions to 40 degrees south latitude
has provided invaluable atmospheric we:zther observations on an inter-
natioral basis for weather analysis pucrposes, especially observations
that locate and measure the intensity o: hurricanes and typhoons.

. The potential of weather radar observations was recognized early
in the 1940's by military agencies. As a consequence, DoD led the
way in the development of the first ground-based radar designed
specifically for weather detection purposes. Approximately ten years
elasped before other governmental agencies introduced weather radars
on an operational basis. Since their genesis, weather radars have
been recognized as an indispensable weather observirg tool.

The thunderstorm and tornado forecasting techniques developed by
the Air Force in the late-1940's and early-1950's have contributed
greatly to civil aviation. The initial studies were accepted and
improved within DoC and DoD and became the basis for the development
of the National Storm Warning Advisory Network. The benefits to
civil aviation include the early identification and warning of
hazardous flight conditions and the safe travel around these
affected areas.

In 1947, the Air Force pioneered development of the first weather
facsimile network with a few receiving stations at Air Force bases in
the castern United States-and the transmitting point at the Joint U.S.
Weather Bureau, Air Force, and Navy Analysis Center, Washington,

D.C. 1In 1958, the U.S. Weather Bureau assumed responsibility of the
network. Facsimile products are indispensable to aviation
meteorologists and to aircrews.

The Navy initiated the developmen* of unmanned environmental
data buoys in the early-1950's. By 1960, a network of buoys will be

in place off the east and west coasts of the U.S. ouserving, rec.rding,
and transmitting environmental data automatically.
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Axlation is vitally dependeni upon the rapid dissemination of
metcorological data and forecasting products. The manual data
colleccion and disscemination techniques used through the 1450's were
inadsquate and were rapidly falling behind aviation's global require-
ments.  To rewedy this inadequacy, the Air Force implemented the
Automatced Weather Network in 1965 to speed the flow of perishable
veatner data. The World Meteorological OrganZzation and U.S. civil
comaunication systems subsequently applied the Air Forcc techniques
to theiv individual needs.

The requirement to provide military pilots with the best enroute
weather forecasts and flight plans prompted DoD in 1959 to initiate
autemated flight plans using electronic computers. Foilowing DoD's
lead, DoC in early-1967 began providing various users with computer
wind data which has enabled many commercial airlines to convert from
manual, graphic nethods of flight planning to computerized fiight
plans.

Since 1965, the Air Weather Service has actively participated
witl FAA and NASA in a high zititude rudiation study. WB-57F's have
flown over 250C hours of high al*titude missions gathering radiation
data which will be used to help develop regulations establishiug
radiation protection standards aboard aircraft flying at high (SST)
altitudes.

Weather satellites, identified as feasible by early Dob studies
and advanced by NASA's RGD efforts, have provided a global capability
in chserving the weather., Resulting forecasting techniques developed
witn DoC and DoT have previded significant improvements to aviation
forecasts over ocean and remote arcas.

Wake turbulence rescarch associated with jumbo jets has been
primarily headed by DoT and NASA leadership with DoD providing flight
testing assistance. The prime benefactor will be civil aircraft
opcrations in and around crowded air terminals.

Lssentiul to the acrospace industry for aircraft design specifi-
cations and safe operations of aircraft in flight has been the
development of “tandard Atmospherces. These atimospheres include data
on temperature, pressure, and density.  NACA developed the first
Standard Atmosphere in the 1920's; subsequently, about 30 govern-
mental, industrial, and academic orguanizations have continuously
updated the 1nitial atmospheres,

The joint atmospheric turbulence projects have provided the
ini "a’ date base for scientific research leading to aircraft design
criteria and empirical forcca.ting methods. DoD was the major source
of aircrews and aircraft for research programs. DoD also provided
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significant inputs into scientific reports resulting fiom these
projects. DoC, DoT, and MASA were the major receivers of the
turbulence data coliected. Aviation operations, both civil and
military, benefited from the results of the joirt research efforts.

Numerical Weather Prediction operatiora! nrograms, initiated
by DoD and developed under joint DoC and DoD sponsorship, have pro-
vided a major advancement to aviation weather predictions. Flight
safety benefits and more efficient aircraft operations, both civil
and military, have resulted from improved predictions obtained
through electronic computers.

Pilots require an exact knowledge of visibility conditions at
the time of takeoff and landing. Visibility observations reported
by weather observers can be subjective due to physiological differ-
ences from observer to observer. In an effort to eliminate this
subjectivity, and to provide pilots with the best possible visibility
measurcments, governmental agencies developed the transmissometer,
which measures the runway visual range (RVR). RVR has contributed
to preserving the safety record of aircraft operations.

It is apparent, after a review of the developmental cfforts
identified in the appendix, that DoD leadership has dominated the
significant advances in meteoroiogical R&D that have bencfited civil
aviation, either directly or indirectly.

B. Observations

In meteorology, the goverrment has consistently been the
icader in the development of new equipment or techniques. This was
true in the past, is true now, and will continue to be true in the
future. llcwever, in the United States, as indeed in all countries,
weather service and the research supporting it is overwhelmingly a
governmental activity. This includes research in meteorology by the
academic community which is .arge1y funded by government contracts.
Consequently, any meteorological advance that benefits civil aviation
probably will continue to be creditablc to the Federal Goverrment.
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SECTION I
i AVIONICS

INTRODUCTION

This appendix is part of the DoD, NASA, DoT Study Title "Research
and Development Contributions to Aviation Progress (RADCAP)" and
identifies many significant developments in aviation -electronics since
1925 leading to the Avionics of today and tomorrow. This appendix
addresses itself primarily to the technology development pertinent to
civil aviation and sponsored by the Department of Defense or jointly by
the DoD, NASA and DoT. This study does not cover technology develop-
ments in areas such as: special military mission aircraft and equip-

: ments, weapons delivary, electronic warfare, missiles, reconnaissance,
1 ground handling, test equipment, manned and unmanned space vehicles and
' equipments which do not have a direct relation to civil aircraft.

During the twenties both civilian and military aviation were
improving the much needed capability for communication and navigation.
Worla War I Signal Corps Radio Sets SCR-59 and 5C»-68 were the primary
aircraft commmnication equipments. These required a wind driven
generator. In the navigation arca, the Bureau of Standards and the
Lrmy Signal Corps working together dzveloped the four course low

frequency~radio range to be used in chis country. U.3. Bureau of

‘ Standards developed the Cross-Loop an-enna and Army S.C., expanded on

] this by adding "A" and "N" and providing a goniometer in the antenna to
1 adjust the "course". During the twenties radio broadcasting developed
in the United States. KDKA went on the air in 1922 and WEAF, the first
Quartz Crystal Frequency Contrcl Transmitter, started broadcasting in
1924, Bv 1925 there were over 710 radio broadcast stations operating
and hundreds of thousands of home receivers in use. Tl se commercial
develcpments provided a large electronic industrial and technological
base in the United States for future avionics.

The major advancements during the ear!y 30's were the tuned-radio
frequency command set SCR-183, the direct frequency controlled BC-224,
BC-348 Superhetrodyne Liaison Receiver, 2 to 20 MHz, the 75 MHz Marker
Beacon, the Left-Zero-Right Radio Compass, Compass Locator Transmitters,
and the Army Air Corps "AIA" Instrument lLanding System (which was
adopted by CAA as standard), the training of many pilots in Instrument
Landing and the installation of a large number of radio ranges bv CAA
throughout the United States. Major advancements in electronics for
aviation began to occur in the late 1930s at the beginning of WW II.
Development of the Automatic Radio Compass SCR-269, 150 to 2000 KHz,
was completed in 1937 and procured in large quantities in late 30's,
installed in most military and some civil aircraft during the war.
This type radio compass is still widely used in civil aircraft, small
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aircraft and military cargo type. During the late 3G's and early 40's
the VHF/UHF Instrument Landing System SCS-51, was developed and
installed at airfields all over the world and in aircraft, civil and
military. This is the same system used today. Military research and
developments were initiated to improve aviation electronics for
military needs. These activities were devoted to not only improvement
of communication and navigation but to the development of radars,
magnetrons, klystrons, transistors, microwave equipments, antennas,
radomes, fire control systems and bombing navigating systems.

The 50 to 60 era saw development of VAR and VOR cmnia ranges, DME,
TACAN, VORTAC, Inertial Navigation, Radar Altimeters, Weather and
Doppler Radars, Computers, and Guidance Systems.

The 1960 ~ 72 era start.d with the announcement of the development
of the integrated circuit and rapid developmwent of an industry complex
to build and apply integrated circuits. From 1962 to 1970 the industry
built and sold $3 Billion of incegrated circuits. Orders of magnitude
reduction in size and weight 2and a break through in reliability and
miniaturization occurred. By the latter part of the 603, small, light
weight, high re’iability, integrated circuit computers were available
and used in aircraft and missiles for navigation and guidance.

SECTION II of this report details chronologically,significant
advances in different avionics areas from 1925. The areas covered
are: (A). COMMUNICATIONS: Very High Frequencies (VHF) Ultra Hign
frequencies (UHF), Satellite (COMSAT). (B). NAVIGATION; VORTAC,
INERTIAL, DOPPLER, RADAR ALTIMETER, WEATHER RADAR, LANDING SYSTEM,
GROUND CONTROL APPROACH (GCA), OMEGA, MAVIGATIONAL SATELLITE (NAVSAT).
(C). IDENTIFICATION. (D). COMPUTERS; ANALOG & DIGITAL. (E). GUIDANCE
SYSTEMS. (F). AIR TRAFFIC CONTROL. (G). DEVICE TECHNOLOGY; ELECTRONIC
PARTS & TECHNIQUES, ANTENNAS & RADOMES.

SECTION III of this report covers current and planned avionics
research and development efforts which may find application in civil
aviation.

SECTION IV of this report is a summary and a discussion of future
trends.

ABBREVIATIONS: The abbreviations used herein are defined at the
end of this appeundix.
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SECTION II
ws
AVIONICS
STGNIFICANT ADVANCES SINCE 1925

A. COMMUNICATIONS

Significant developments in Communications have been the extension
2f the frequency range, for transmitters and rec>ivers, from the low
frequency range in kilohertz in to the microwave region of thousands of
; megahertz, to infrared and coherent light laser beams. Equipment
t developments have progressed from modulating simple oscillators as
: transmitters and regenerative receivers to manually tuned radio
frequency receivers and transmitters to quartz frequency stabilized
multi-channel (4000 or more) push button eguipment, with capability .or
4 amplitude modulaticn, frequency modulation and digital modulation.

‘ Single sideband (suppressed carrier and sideband) techniques are
available for increasing theo number of channels.

Future trends are closer channel spacing, world coverage utilizing
satellites, and greater use of digital technology to handle continually
increasing commuwnications traffic. As more and more avionics equip-
ments &are being used, in essential to mission and flight situations
there is increasing emphasis on reiiability, maintainability, modular
construction, self test features, automated testing, and automated
logistic support systems. Communications background is shown in Table
1, Ccmmunications satellite background is shown in Table 2.

T

TABLE 1 AVIONICS - COMMUNICATIONS BACKGROUND
1902 Marconi; Trauslantic Radio Transmission.
1906 DeForest; Vacuum Tube.

1911 Lt. Paul Beck; Signal Corps, U.5. Army; First radio telegraph
messages transmitted from Aircraft.

1914 Lt, J.D. Mauborgne and Lt. H.A. Darque; Signal Corps, U.S. Army,
First Voice Radio Message received in an Aircraft.

1917 Army Signal Corps developed SCR-59 and SCR-68 Radio Sets
inst.lled in WWI Aircrafr. (These were the radio's used by Army
Air Corpe during the 20's)

1922 KDKA started radio broadcasts.
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1922 Heising developed methed of modulating radio frequency currents.
1922 Edwin H. Arustrong, invented the Superhketerodyne.
1924 WEAP, first Quartz Crystal Controlled Radio Broadcast transmitter.

1922-1925 Over 700 Radio Stations installed in the United States and
hurldreds of theousands of receivers preduced for Radio Entertainment.

1927 First survey of Aviations special radisc nceds by Boeing & Bell
Laboratories, covered radic and acoustic nolse, selection of the best
frequercy, communication needs, power supvlies and weight weduction.

1928 Radio Frequency Allocations to aircraft and otherc., International
Radio Telegraph Conference, Washington, D.C., 4 Oct to 25 Nov 1928.
1932 Army Sig Corps and Boonton Radio Co. (later Airscraft Radio Corp),

developed The Cownand Radio Set SCR-183. This was a tuned radio
{requency veicz modulated receiver and transmitter which covered the
frequency range of 200 to 400 KHz and 2000-1800¢ KHz by changing coil
sets. Later the BC-191 transmitter was used with the receiver of the
SCR-183 Set and became the Liaiscn Radio Set. These sets were used by
the Air Corp. thru WWIT - (}1946). The SCR-183 Set was produced by
Aircraft Radic and Westemn Electric (Graybar) Co. The BC-191 trans-
mitter was produced ty the General Electric Co. and Farnsworth
Television Co.

1933 Major Edwin H. Armstrong, Signal Curp., invented Frequency
todulaticn (FM).

1936 Army Sig.Corps with RCA developed the BC-224 receiver covering
2000 to 20000 KHz. This was a high performance Receiver, first one
designed to withstand aircraft environment, direct frequency
calibrated with a crystal filter and local oscil’ator to receive
either AM or (W or MCW. With BC-191 transmitter this became the
Standard Liaiscn Get, SCR-137 used during WWII.

1940 SCR-274-N, AN/ARC-5 developed by Navy and Aircraft Radio Corp.
employed 4 plug-in transmitter units, 2 to 7 Miz, and 4 plug-in
receiver units tuneable over frequency range 200 KHz thru 9 MHz were
used in Navy and Army Air Coxps Aircraft as the HF Ccammand Sev.

1941 The AN/ART-13 Liaison Transmitter contained 10 preset remote
selected channels. Developed by Collins. Later adopted by Army Air
Corps replacing the BC-375 transmitter which was produced by Stewart
Warner. ART-13 plus BC-348 Receiver became ARC-8 Std Liaison Set,

1941-.,44 SCR-522 - The Army Sig.Corps under Contract to Bendix Radio
Corp. developed and produced a VHF Command Transceiver which was
produced in large numbers by Beudix, Colonial Radio, and Zenith.

The design was based on 1 similar British design. This marked an
important breakthrough iu VHF techneclogy going from high frequency
tc very high frequency band, and opened up the 100-156 MHz band to
Coumunications using precise crystal controlled (4 preset) channels.
Development of this set costs $8,000,000. App:ox. 235,000 of these
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? w equipments were produced at an estimated cost of $350 million.

] 19k AN/ARC-3 The Army Sig.Corps under Contract to Colonial Radio

] Corporation {now Sylvania) developed an aut:maticelly tuned

3 replacement ror the SCR-522, 100-156 MHz, Dev Cost Est $800000.

E The AN/ARC-3 incorpcrate’ important advances in peak noise
rejecticn technology snd included 8 Preset Channels. About

! 39,000 equipments were procurad at a cost of $110 -million.

1946-1950 The USAF initiated development of the first UHF Command
Set in the 229-L00 Mdz band. The initizl.design AN/ARC-19(XA-1)
was developed by Bendix Radio and later produced as the AN/ARC-33

1 in limited quantities. This radio marked an important move into

] the higher frequency Ulib band. (1750 Chanrels). This was the

first Command Set using Crystal saving frequency cirzuits at UHF

end had 20 Preset Channels. A derivative design AN/ARC-3h was
producsu by RCA and Magnavex. Tntroduced combined transmitter-
receiver design called transceiver.

i e

1646 First Airborne Teletype installed in Pres. Truman's C-54 flying
White House. Army ground ba:=d frequency shift teletype equipment
modified radically to fit aircraft snd work thru on board radio

equipment by Army Sig Corp engineers Ft. Monmouth, N.J. Installation
by Douglas.

T

1 1948 USAF develcped an automatic antenna coupler for high frequency
: Radio Equipment cost $100,000,thus piroviding capability for remote

gutomatic tunirg of antenna.

1950's Collins 618-S Improved Zommercianl AM-HF Radio Set with remote
antenna tuning. Tnstalled in cargo aircrart.

1953 Al/ARC-LL developed by USAF were first FM systems in USAF A/C.

1954  The AN/ARC-21 was the first fully automatic:lly tuned remote
controlled radio, 2-24 Miz, 20 preset channels, developed by USAF-
RCA. TPirst IF Radio Jet using crystal saver circuits and remote
autematic antenna tuning.

1957  AN/ARC-S5H Firet fully militarized airborne 33 aquipment. 2-30
iliz. CIZAF-Collins Radio Co.

1958 The AN/ARC-21, modified for Single Cide Pand (GSE) operation
became the AN/ARC-65. About 3000 cets were procured at a total
zost of 36 million.

1959 A radio deveioped by Collins (type 618-T) for airlines was
adopted by the USAF, UCA and UGN. »38B, 2 to 0 Muz smaller and
lighter thun AN/ARC-GS. VFor the (=58, ¢F, 8 Comam, a new desien
was develoved by iughes as the AN/AFC-87. 1t was reriaced by the

N/ARC-110, a vevrsion of ‘he 0187,

Tooqeq
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1963 AN/ARC~90. AM Freq Transceiver and Data Link - 3500 channels,
Channel speczing 50 KHz, 30 watts, Made by Magnavox. First use
of spread spectrum techniques.

1964 AN/ARC-S54. FM Transceiver - 30 tc 70 MHz, 800 channels, 10
watts. Made by Collins Radio for US Army.

1964  For the F-111 aircraft the HF, 2 to 36 MHz, AN/ARC-112 was
developed by Collins. It was repleced in later models by a totally
new decign representing & substantial weight and size reduction.

1965 USAF - AVCO developed the AN/ARC-123 to replace AN/ARC-112.
About 425 were procured at a total cost of $7.25M. This is first
HF Radio .ith 230,000 channels, separation 100 Hz.

1965 AN/ARC-109. M Transceiver - 3500 channels, HF, 30 watts,
channel spacing 90 KHz, transistorized. Made by Collins Radio.
First communication application of integrated circuits. Develop-
ment cost $2.8M. AF - 250,000, Collins $3 million. Now 1600 in AF
F-111, T-37, F-106, DC-9 Hospital, F-15.

1967 US Army initiates SLAL (Standard Lightweight-Airborne Equip-
ment,) program. Control panel configuration. AN/ARC-114 VHF FM;
MN/ARC-115 - VHF AM; AN/ARC-116 - UHF AM.

1967 A radio similar (o the ARC-123 but of 1 KW rating was developed
for tne C=5 aircraft. 't carries a commercial nomenclature of
AT-h40.

1967 USAF development of hign reliability UHF radio transceiver
AN/ARC--144(RCA) and AN/ARC-1LS5(TCI). These transceivers made
greater use of micreccircuits anu solid state construction. Capable
of AM, M & FSK modulation, Reliability 1000 hrs MTBF, Cost $3.2
million.

1970 AN/ARC-150 First USAF-Magnavox developed panel mounted UHF
transceiver.

TABLE 2 AVIONICS - COMMUNTCATION SATELLITE BACKGROUND

1946  Army Signal Corps. cent and received a radar signal from the
moon.

194521950 Tests involving airborne radio relays conducted by USAF.
1958 Demonstration of Time Division Data Link from Experimental

SAGE Section at L.G. Hanscom Field through a B-25 relay to an F-86
receiver near WPAFB.

1722
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1958 USAF launched first active communication satellite SCORE.
Broadcast President Lisenhower's Christmas message from a tape
recovder. Batteries lasted 12 days.

1960 Lofting of 30( MHz transmitter - Telemetry for missile
experiments - Range instrumentation transition from VHF to UHF.

1960-1961 ECHO and Crid Sphere demonstration of point-to-point
communication. :

1962 TELSTAR AT&T - First demonstration of active TV relay.

1965 USAF program to test the feasibility of using a satellite
relay to increase range and reliability of UHF Communications
between airgraft and ground terminals.

1966 ’xperimental airborne terminals via SYNCOM T & II (Hughes).

1966 1Installation of communication satellite terminals in aircraft,
ship, and ground stations vy GSAF, wavy, Army.

1966 Army ADVENT, AF studies on STEER, CSAR, and LUTUS led to P-band
prototypes using MIT/Lincoln Laboratory Experimental Satellite in
conjunction witih military aircraft and ground stations over near-
hemispheric zones.

1967 Test and demonstration of teletype UiFf Communications between
various terminals via LES-5.

1968 Initiation of TACSATCOM procurement cycle and test program
using USAF-Lincoln Lab. LES-6.

1969 USAF-Hughes Aircraft TACSAT I launched. Contained UHF and
SHF transponder. High auntenna gain and RF power allowed users to
access the satellite wiih analog FM voice chaanels and 2400 BPS
vigital voice circuits. Terminal systems airborne and ground were
developed by Collins Radio.

1969 UHWF airvorne transceivers AN/ARC-151 (I'CI) and AN/ARC-152 (RCA),
compatible with satellite operation were developed. Provided

frequency offsets fer the up and down links at 100 watts FM.

1969 The AN/ARA-64 Airvorne Satellite Communications terminals were
developed and fabricated. (LCI-USAF).

1970 Command Post installation using LES-6 and TACSAT.
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1970 Twenty-seven AN/ARA-64 were procured and installed in the
World-Wide Airborne Command Post Aircraft. This initial USAF
operated satellite commurnications system uses UHF at 75 BPD (100
WPM teletype) and requires the use of hoth LES~6 and TACSAT-I.

1971 Commercial adaptation of UHF-SHF cystem. Procured by NATO
countries. .

B. NAVIGATION - VORTAC

Table 3 is chronological background on significant events
leading to the development of VORTAC.

VORTAC - Ground, area. navigation:

' The grcuad non-directicnal radio locators (200 to 1700 KHz) for
4 use with airborne radio compasses will continue for many years,
} because of their low-coci, simplicity and wide selection of availeble

broadcast stations ani as a baeck up tc cther methods of navigation.
The application of integrated circuits will further reduce cost, size
and weight of these equipments.

The VOR omnidirection range (VOR) 108 to 118 MHz will continue
for many years. The combination of VOR and distance measuring equip-
ment (DME) ana Tactical Air Navigation System (TACAN) VORTAC will
continue with continuing modification to improve accuracy of VOR
Stations and higher capacity from DME.

i TABLE 3 AVIONICS — NAVIGATION, VORTAC

1921 Bu Standards consisting of two large loop antennas at
right angles to each other installed by Army Sig.Corps at McCook
(now Wright Field) Dayton, Ohio. Army Sig.Corps keyed the loops
"A" and "N" and added a goniometer to the antenna so that the
courses could be adjusted without moving the antenn..c.

1927 Radioc Range received favorable notice in Oakland to Honolulu
air race. Army Sif.Corps installation of "A" - "N" range at
Oaxland and at Honolulu received at each station, 2400 miles.

1928 First, low freqency, 220-415 KHz four course range installed
at Chicago. Provided Aural A-N signals to the aircraft pilot
thereby defining the course he could fly toward or away from the
range station.
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1929 Four course radio range adopted as standard for U.S.
9 stations in operation.

1933 Four course radjo ranges installed on major US airwaye. False
on-course indications usually within 5 degrees of true course were
experienced over mountainous areas aund at night. A vertical antenna
system was developed and adopted for the ground station and this
satisfactorily disposed of night errors associated with the old loop
antennas., There were 323 stations in use in 1941, 378 in 1949 and
332 in 1957 at which time they were gradually decommissioned. A
large number are still in use at foreign airfields. This system was
in use for 28 years.

1937 Bureau of Air Commerce began the development of a VHF {very high

frequency) omnia directional range and next the visual aural range
(VAR).

1944 The first VAR's installed by CAA. VOR's became available for
testing.

1946 First airbewne distance measuring equipments (DME) developed by
Military. First ground station developed by FAA (formerly CAA).

1946 CAA installed VOR along Chicago-New York route parallelling older
ranges.,

1948 CAA program began to convert to VHF omni-directional radio range
(VOR) which provided greater navigational accuracy.

1948 1Initial TACAN developed by Navy-ITT. This is a Polar Coordinate

System similar *o VOR but combining DME operating at UHF to reduce
size,

1950 Large scale CAA installation of VORs began.

1953-1954 TACAN became available. The airborne circuits based on
UHF technology were sensitive and reliability was poor.

1956 The military began operation of the ultra high frequency TACAN
system. The ground station (962-1024 and 1151 to 1213 Milz) transmits

the azimuth signal and provides distance information in response to an
interrogation sigral.

1957 VORTAC, a combination of TACAN-VOR/DME was developed and imple-
mented by FAA to provide a common civil/military navigation system.
Civil aircraft use a DME receiver—-transmitter which interrogates the

ground station and derives range information from the DME function of
the TACAN transponder. Azimuth information is obtained from the VOR

(very-high-frequency omni-direccional range) system. Military air-
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crart “erive both range and azimuth inrformation from the TACAN ground
station. '

1958 CAM devzloped Doppler VOR which is less susceptible to errors
due to site location. Order to integrate .nto NAS issued Aug 196L.

19€7 Installation by FAA of G50 VORTAC Stations completed.

1971 VORTAC system improvements developed and modificetions made to
suppress harmonics of the Reference Carrier in order to reduce
adjacent channel interference.

1972 Tacan with Y Mode, which provides 126 additional channels,
installed in USAF's F-106, C-5 and F-15.

B. HNAYVIGATION - INERTIAL NAVIGATION SYSTEMS

The Inertial Navigation System,by measuring the aircraft's
acceleration and prccessing the in”ormation in a computer,provides
instantaneous and continuous indication of the aircraft's position,
ground speed, azimuth and vertical. It is completely self contained,
non-radiating and non-jammable system. Navigation information is
obtainable at all latitudes, in all weather and without reference
to a ground station. The position and velocity information degrades
with time and the equipment is expensive.

The original development at MIT tocok © years at an estimated
cost of $10 million per year and the equipment weighed 1500 1bs with
1 nautical mile per hour accuracy. Contivnuous product improvements
over the past 22 years have made commercial equipment available for
large commercial or executive type aircraft, weighing 70 1lbs and
at a cost of $100K. Cost reduction to $50K per installation is
possible. Low cost, moderate accurate equipments, with simple com-
pute-s seems inevitable and wculd find wide use in small as well as
large aircraft.

Table 4 is a chronological background of significant events
leading to the development of Inertial Navigaticn Systems.
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TABLE 4 AVIOJNICS - NAVIGATIOL INERTIAL

1948-1953 veveiopment and flight test of the SPIRE Inertial
Navigation System developed by USAF and the Massachusetts Institute
of Technology. Demonstrated the te .hnical {casibility of accurate-
ly navigating long distances without reference to land marks or
other external references. Weight: 1500 lbs, Accuracy: 1,0 NM/HR
(CtP). ELstimated cost: 10 million dollars/year.

1550-1954 .i-5A/G InS, developed by USAF-USN-Autonetics (North
American Rockwell) was the first irertial system suitable for oper-
ational use in USAF Hound Dog and Navy A3J.

1955-1959 Li-1, LN-2, iN-3, USAF - Litton development of a small,
light-weight analog INS was the first medium accuracy, low-cost
inertial system. Recurring cost in large quantities (approximately
4,000) is $70,000., Weight: 75 1lbs. Accuracy: 3 nM/HR (CEP).

Yor hWavy E-1, A-6, P-3 aircraft and Air Force F-4 aircraft.
rstimated cost: 2 million dollars to demonstrate feasibility.

1902~1965 USAF - AC Electronics (lelco Llectronics) Carousel I,
1.4S. Development system only - none were produced. First use of
platform rotation technique to obtain good quality inertial naviga-
tion using low quality gyroscopes. It led the way to the develop-
ment of the present A-C Electronics Carousel IV. Weignt: 130 1bs.
Accuracy: 0.6 WM/IR (CEP), for Tactical aircraft. C[stimated cost:

USAF-1.8 million dollars;AC Electronics, 2.0 million dollars.

1965-1966 Sperry SGii=10 develnped for Pan American Airways. Dev.
cost est. $58 million. Wviscentinued because did not meet ac-—
curacy requirements. First use of integrated circuits in inertial
equipment.,

1965-1967 Kearfott in-house development of KT-70 series of inertial
platforms competitive with tha¢ in the LN-1 above. Performance
and maintainavility are somewhat bettev. Weight: 35 lps.
Accuracy: 1.0 NM/iR (CEP), for savy I'-3 and A-7 aircraft, Air
Force F=105, &4=7) aircraft and the SR&1.  In-house development
ecost avout $5 million.

1966 US Army-Litton developed Ail/ASw-80,

1966-1963 wLitton in-house developed integrated circuit 1TN-51
comnercial system vased upon wN-15 developed for Military
application Li=15 by Armyv, wavy and 4Air Force. Weighe: 70 1bs.
Accuracy: 1.0 NI/HR (CEP}, for large commercial ind exscutive,
AF Gunships, Presidential fleet. ..pprox 699 total qty.

11 L
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1966-1968 AC Electronics (Delco I'lectronics) developed integrated ~

I A"

circuit carousel IV INS, Weight: 73 1bs. Accuracy: 1.0 NM/HR
(CEP), for large commercial and executive aircraft, and AF Comrand
and Control aircraft. Estimated cost: 30 million dollars.

. 1966-1968 Fearfott-Collins developed INS - 61B. Weight: 75 1bs.
] Accuracy: 1.0 IM/HR (CEP), for large commercial and executive
aircraft.

he latter three commercial systems above = all selling for about
100,000 dollars - have exceptionally good reliability. In-flight
reliability (that is, reliability after take-off with two working
systems) is approximitely 2000 hours. '

1967-1970 Army S.C.-USAF-Teledyne developmedt of Flight Reference
Stability System (FRSS) light weight, small inertial platform
1.5 NM/HR.

é B. wiaVIGATION - DOPPLER NAVIGATION RADARS

The voppler Navigation System is a self-contained, dead
reckoning navigation system. It uses a radar to measure the air-
craft's ground velocity,and by means of a directional sensor and
computer, the system can provide: distance travelled from the point
of departure, ground speed, drift angle and vertical velocity.

Doppler navigators require no ground stations, are very accurate,
have all weather capability,can be used over oceans and un-
developed areas. Doppler navigators have been in use in aircraft
since 1949 and are installed in many different types of Army, Navy
and Air Force Aircraft. Doppler ..avigators by themselves and
integrated with other methods of navigation will find more and more
utilization by civil aircraft.

Product improvements in using solid state techniques, micro-
circuits show promise of obtaining equipment of 10 lbs and costs
less than $10X. These systems will find high use in all kinds of
aircraft including Helicopters as back up to other methods of
navigation,

Table 5 is a chronologicai background of significant events
leading to the development of Doppler uwavigation Radars.

AR 12
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« TABLE 5 AVIONWICS - DOPPLLR WAVIGATION RADARS
1842 Dcppler effect discovered by Cihristian Doppler.

1945 Principle of doppler navigation suggested by the MIT Radiation
Laboratory.

1945 waval RrResearch Laboratory conducted investigations on C.W.
techniques. cxtensive effort cxerted in-~house by Army Sig. Corps.
and General Precision Laboratorv on the utilization of multinle
beam returns for coherence. ‘

1945 First airborne doppler navigation radar, AN/APW-81 (XA-1)
fabricated by General Precision iLavoratory, delivered to the Air
Force. Extensive flight testing conducted at WPAFB.

1955 Bendix fabricated a doppler (DRA~12) for usc in commercial
airiines. This radar was used onr a very limited basis on several
Air rforce programs.

1955-1960 Doppler navigation radars first installed in operational
aircraft. Various versions of the production Ali/APN-81 doppler
radar were utilized in various aircraft. The A.4/APN-82 (APw-81
with AN/ASN6 Analog Computer) was used in Fi0l. AN/APN-89 (APN-81
modified outputs) for B-52 E/F/G/H Bomb--Nav. Systems. AN/APN-

108 (APN-81 modifie<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>