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by commercial time-sharing companies. The system was also designed
to serve as a technology foundation and an experimental tool from
which subsequent automation specifications could be derived. The re-
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user interface, the user language, the special processing and the
numerous operational considerations. Also included are the supportin
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The results of three experiments involving eight FAA NAFEC test
pilots are reported. Section I describes the evaluation of four
prototype Data Link displays in a GAT-1 simulator. While there was
lack of agreement among the pilots as to the relative merits of the
four displays, their opinions concerning Data Link as a concept were
generally favorable. '

Section 2 describes reaction time and error rate measurements
made as 144 slides were presented containing a variety of short ATC
messages. It was determined that differences in type font were not
significant, that arrows were generally better than words for alti-
tude and heading commands, and the "L" or "R'" as heading commands in
messages such as HDGL230 were extremely difficult to comprehend.

Section 3 describes a second laboratory experiment which studied
the differences between long and short abbreviations with and without
spaces. The need for the use of spaces was demonstrated.

The results of the experiments described in Sections 2 and 3
closely parallel those previously obtained using TSC engineers as
experimental subjects. :
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Aircraft vortex wake descent and decay in a real atmosphere is
studied analytically. Factors relating to encounter hazard, wake
generation, wake descent and stability, and atmospheric dynamics
are considered.

Operational equations for encounter hazard, wake generation,
and atmospheric dynamics are given, including a brief description
. of a possible automatic meteorological system to provide atmos-
pheric data for an airport wake forecasting program.

A new analysis for Crow Instability in ambient turbulence is
given, expressing time-to-linkage as an explicit function of the
turbulent dissipation. The analysis is well corroborated by flight
tests although only limited data is available.

Wake descent in a stratified inviscid fluid is studied analy-
tically providing new results for this problem. According to the
present theory, the vortex span reduces upon descent into a stably
stratified flow, causing the rate of descent to increase. Exact
solutions are derived for vortex cell shapes in a uniformly sheared
crosswind, showing that the upwind cell is greatly increased in
size. It is believed that this may partly account for the observed
unsymmetrical behavior (banking, etc.) in crosswinds.

A discussion of core bursting and turbulent wake entrainment
during descent is given, with some tentative formulations for the
latter. Full understanding of these two aspects must still be
considered incomplete.

Finally, an assessment of the remaining problems is given,
with recommendations for further analytical and flight test re-
search.

17. Key Words 18, Distribution Statement
Wake vortices, Atmospheric DOCUMENT IS AVAILABLE TO THE PUBLIC
T ATIONAL TE

effects, Vortex transport and ;rn"rnooau::'rnc;‘ues“:uvncz. SPRINGFIELD.
decay, Kolmorgorov Spectra VIRGINIA  22151.

19. Security Clossif. (of this report) 20. Security Classif, {of this page) 21. No. of Poges | 22, Price

Unclassified Unclassified 222

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized

11




TECHNICAL REPORT STANDARD TITLE PAGF

. Report No. 2. Government Accession No.

1
lFAA-RD-73-112,II

3. Recipient's Cotalog No.

| 4 Titleand subrisle NORTH ATLANTIC (NAT) AIDED

5. Report Date

July 1973

N

‘.
1

| INERTIAL NAVIGATION SYSTEM SIMULATION
Volume II: Computer Program NATNAV User's

6. Performing Orgonization Code

Manual
7. Author's)

*#Williem C. Hoffman, Kathryn G. Bowie

8. Performing Organization Report No.

DOT-TSC-FAA-73-23, 11

9. Performing Organization Nome ond Address

Aerospace Systems, Inc.

10. Work Unit No.

FA314/R3144

One Vine Brook Park

11. Contract or Grant No.

DOT-TSC-473-73-2

Burlington MA 01803

12. Sponsoring Agency Name and Address
Department of Transportation
Federal Aviation Administration

13. Type of Report and Period Covered

Final Report
June 1972 to January
1973

|Washington DC

14. Sponsoring Agency Code

Systems Research and Development Service
20590

15. Supplementary Notes Department of Transportation
Transgortation Systems Center

*nder Contract to: Kendall Square )

Cambridge MA 02142
16. Abstract

A user's manual is provided for Program NATNAV (North ATlantic NAVigation), a digital com-
puter simulation program developed to evaluate the performance of navigation systems for future
commercial NAT aircraft operations. Error models for aided-inertial navigation systems with
external measurements from Doppler radar, Omega, satellite-ranging or air data are simulated.
The covariance matrix error analysis method is used to calculate the navigation error histories,
using the recursive navigation technique to incorporate measurements. A 34th-order error state
vector requires the numerical integration of up to 585 independent, first-order differential
equations to propagate the covariance matrix. The program provides for an optimum initial
alignment of the INS prior to taxi. A dead-reckoning option is also available. Independent
measurements using Doppler radar, Omega or satellite-ranging may be used to update the
position and velocity estimates using the optimum recursive Kalman filter. Optionally, subop-
timum filter gains may be used instead. The outputs of the simulation are the standard deviations
of the position and velocity errors, resolved into along-track, cross-track and vertical compo-
nents. NATNAV is written entirely in Fortran IV for operation on the CDC-3800 digital com-
puter at the Naval Research Laboratory. The program was developed with a highly modular
structure for ease of program checkout, to simplify the user's understanding of the program, and
to facilitate any modifications which might be required for future applications. Progromming
details of the simulation describe functions of the various routines, flow charts, common storage
and definition of Fortran variables. The usage of the program is illustrated with an example
which presents typical input data and results. The hardware requirements, the deck setup,
program options and operating procedures are all described. Certain restrictions and potential
rodifications are discussed, and a complete listing of the Fortran source program is_included.
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support.
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with instructions on using remote

centralized data base.

This handbook is a user's guide for a Prototype air traffic flow
control automation system developed for the FAA's System Command
The system is implemented on a time-sharing computer and is
designed to pravide airport traffic load predictions and flow control
The User's Guide is a reference manual designed for use by
the air traffic controllers and does not require any previous computer
The AIRS request (command) language is explained along

terminals in working with the time-sharing computer.
the user how to obtain airport traffic demand data, flight listings,
plots, arrival delay predictions and flow control assistance.
describes how to enter operational data such as landing capacity
estimates and how to add (or cancel) flight schedules to the AIRS

teletype and graphical display
The manual tells
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support.
ienced computer programmer.

ance are presented.

also described. Other support functions involvi

a prototype air traffic
flow control automation system developed for the FAA's Systems Command
The system is implemented on a time-s
designed to provide airport traffic load predictions and flow control
The System Support Manual is designed for use by an exper-
It contains instructions on performing
the monthly AIRS data base updating including the Official Airline
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blanking, injection molding, and cold heading. The flat plate antenna
would be fabricated in six elements using these techniques. An automatic
assembly center would be used to achieve the high volume production
runs. One such unit operating at maximum efficiency will produce 1 mil-
lion units per year at a cost of $0.41 per unit. Two additional stations
will achieve production runs in excess of 10 million per year at a cost
of $0.30 per unit, not including overhead.

The flat plate antennas can be scaled to a frequency of 17.5 GHz
with no cost impact or significant effect on performance. Scaling to a

frequency of 21 GHz is possible but at a higher cost per unit.
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AIL has analyzed alternative methods of construction and production costs for a flat
plate antenna based on the use of etched circuit techniques. The antenna is proposed for
use in certain new automotive radar anticipatory crash sensor systems now under develop-

ment.

The antenna is a minimal volume planar array structure, ideally suited for low cost
production. Using a design approach that was previously developed for advanced battle-
field radars, the antenna is unique in that the radiating elements and feed circuitry
are etched on the same substrate.

The antenna is 2-5/8 x 4-5/8 x 15/16 inches (exclusive of output connector). Although
its active region is only a fraction of this space, a breadboard version of this highly
efficient antenna achieves more than 13-dB gain over the required one percent region of
X-band, with radiation patterns having excellent suppression of side lobes.

A production design is postulated which is suitable for automated production pro-
cesses. The resulting antenna is a simple sandwich of one printed circuit between two
layers of foam; this sandwich is encased in a molded, metalized lexan housing, and is
faced with a lexan radome.

In quantities of at least one million antennas, the estimated OEM selling price is
under 3 dollars each, not including the cost of preparing for large-scale production. 1In
quantities in excess of ten million antennas, the estimated selling price is under 2
dollars each, also not including the cost of preparing for large-scale production.
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This report reviews the legal basis for certain potential
challenges to the use of unmanned mechanical devices which (a)
detect motor vehicles exceeding predetermined speed limits, and
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faces of their drivers and passengers. In particular, the report
is focused on the operation of Orbis, a member of this class of
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predicting the overall sound power of supersonic jets operating under a range of
high stagnation temperatures and pressures and under various exit Mach numbers.
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turbulence interaction. To guide the formulation of scaling“laws for the pre-
diction of overall sound power, a theoretical model is proposed which derives
expressions for the power sound level associated with Mach waves and for shock
turbulence interaction. Concurrent use of the model and of experimental data
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those critical or limiting factors affecting timely introduction of gas turbine engine
concepts on a mass production basis. A description of basic automotive product
development phases, engine manufacturing processes, and gas turbine engine
current technology status are included to clarify and augment the discussions, and
to permit the necessary understanding of the developed implementation schedules.

Based on data acquired during the period February 28 to April 30, 1973,
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Studies of airport activities and user characteristics at 34 high vol-

ume U.S. Airports indicate that disbursed trip origins cannot efono-
mically justify rapid transit corridor investments dedicated to airport
access travel. Generally, airports have too much off-roadway parking
in central terminal areas and this concentration of vehicular activi-
ties near terminal building congests internal roadways. The study
proposes a number of low-capital improvement concepts to airport
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minal area, and changes in travel patterns. The latter can be changes
in mode and/or time of travel. Three specific operational experiments
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