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FOREWORD

The study of Quiet Turbofan STOL Aircraft for Short Haul Transportation
summarized in this report was conducted under NASA Ames Research Center Contract
NAS 2-6995 from May 1972 through May 1973. The basic report consists of two volumes,
CR-114612 and CR-114613, dated June 1973. The final oral presentation for this
contract is contained in Lockheed Brochure "Final Presentation Quiet Turbofan STOL
Aircraft for Short Haul Transportation, " dated May 1, 1973.

This study was accomplished by the Advanced Design Organizations of the
Lockheed-California and Georgia Companies under the direction of T. P. Higgins -
Program Manager, E. G. Stout - Deputy Manager, California Company, ond H. 5. Sweet -
Deputy Manager, Georgia Company. The principal investigators were: Aircraft Design -
J. H. Renshaw, M. K. Bowden, G. Ligler, C. Narucki, J. A. Bennett, R. 5. Ferrill,
C. C. Randall, K. H. Tomlin, J. M. Hooten, and J. Tibbetts; and Systems Analysis -
G. A. Arnold, W. R, Tuck, Jr., D. E. Sherwood, L. A. Vaughn, G. D. Brewer, and
J. Peele.

The work was administered under the direction of Contract Technical Monitor,
Raymond C. Savin, Advanced Concepts and Missions Division, NASA, Moffett Field,

California.

Submitted by

T.P. Higgins/%grum Manager

A YLL, T~

E. G. Stout, Depufiy Manager H. S. Sweet, Deputy Manager
Lockheed-California Company Lockheed-Georgia Company
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SUMMARY

In May 1972, the Lockheed-California Company and Lockheed-Georgia Company

initiated this two-phase twelve month study of Quiet Turbofan STOL Aircraft for Short

Haul Transportation under NASA contract NAS 2-6995. To assist in obtaining the realism
considered essential, subcontracts were negotiated with Eostern Air Lines and Allegheny
Airlines for their active participation and consulting services. Parametric engines were
defined by Detroit Diesel Allison Division of General Motors and by General Electric
Company under separate contract to NASA. These contracts for studies of Quiet Clean
STOL Experimental Engines (QCSEE), developed engine and noise-treated nacelle con-

figurations which were incorporated in the aircraft concepts.
The objectives of this study were:

e Define representative aircraft configurations, characteristics, and costs

associated with their development and operation.

e Identify critical technology and techrology related problems fo be resofved

in successful introduction of representative short=haul oircraft.

e Determine relationships between quiet STOL aircraft and the economic ond

social viability of short-haul.
e |dentify high payoff technology areas.

Not knowing the final requirements nor environment of the operating system that
would utilize the new STOL vehicle concepts it was necessary to develop a broad range
of aircroft designs with sufficient excursions in requirements to cover all reasonable
eventualities. In Phase |, this was accomplished through employment of a comprehensive
parametric computer program that allowed an evaluation and screening of concepts that
narrowed the selection of designs to those most likely to produce a viable short~haul
transportation system. Since the evaluation and screening of the parametric aircraft

designs was accomplished with o synthesized typical shori-haul scenario, the six selected



designs still encompassed the brood range of basic lift concepts and short field

performance shown below:

Lift Concept Field Length
Augmentor Wing (AW) 2000 feet (610 m)
Externally Blown Flap (EBF) 2000 feet (610 m)}
Externally Blown Flap (EBF) 3000 feet (914 m)
Over-the-Wing (OTW) 3000 feet (214 m)
Internally Blown Flap (IBF) 3000 feet (914 m)
Mechanical Flap (MF) 4000 feet (1219 m)

and as a result of the Phase | screening, the designs were sized for 150 passengers and o

Mach Q.8 cruise speed. All designs met the 95 PNdB at 500 feet {152 m) sideline noise
criterion specified by NASA,

In order to properly evaluate the candidate quiet STOL aircraft designs in
Phase |1 and determine their economic viability and community acceptance o realistic
operating system and environment was developed and projected fo the year 1990. This

consisted of:

e Airline economic simulation - in which the candidate STOL aircraft were
introduced into representative, mixed airline fleets, and airline operations

using the Short Haul System Simulation computer model.

® System sensitivity analysis = in which STOL aircraft economic sensitivities

were measured for variations to operational and scenario-related factors.
e ROI analysis ~ to provide realistic economic measures of STOL performance.

Since general agreement exists that congestion at the major hub airports
is the most impartant factor inhibiting the growth and prosperity of the national
air transportation system, both long and short-haul, the demond analysis was based upon
the potential ability of improvements in terminal air traffic control (ATC) and the addi-
tion of STOL to relieve the congestion without resorting to new airports, major land
acquisitions or dependence upon induced demand for a viable short-haul air transportation

system,



Within the premises and scope of the study the principal conclusions are

summarized as follows:

e Quiet, short field length STOL aircraft can be economically viable and
benefit both long and short=haul air transportation, with community

acceptability.
e Engine fan pressure ratios of 1.30 to 1,50 required,

e 148 passenger aircraft provides capacity ond frequency for high density

markets.
e STOL initiation should be related to airport congestion,
e Potentially congested hub airports can be relieved by improved ATC plus
o 3000 foot (or more) STOL-sirips added to the airport, and/or
o One airport in each hub converted to All-STOL.
| e STOL fares should be competitive with CTOL,

e Reduction of CTOL delays by 1-1/2 minutes eliminates the economic

disadvantages of STOL for the nominal case .

e Secondary airport utilization should be evolutionary after congestion at the

major hubs has been relieved.

s Preferred short=haul aircraft characteristics are:

Hybrid Hybrid Mechanical

OTW/IBF OTW/IBF Flop
EPNdB @ 500 fr. (152 m) sideline 95 107 94
80 EPNdB footprint area, sq. mi. 4.5 (11,6} 418 (108) 3.1(8.0)
{sq. km) .
Field Length, ft. (m) 3000 (914) 3000 (914) 4000 (1219)
Passengers 148 148 148
Gross Weight, lbs (kg) 147,300 (66,900) 137,400 (62,300) 136,900 (62,000}
Engine Thrust SLS, lbs (kg) 36,800 (16,600) 31,700(14,300) 34,000(15,400)
Fan Pressure Ratio 1.32 1.57 1.35
Unit Gost, dollars 9.35x 106 8.15x 106 8.71 x 10°
DOC @ 250 N.M. (462 km) 2,29 2.01 2.12
cents/assm.



Detailed recommendations where additional research may result in significant

improvements in STOL technology are identified in this report. The most important

research subjects are summarized as follows:

Quiet Clean STOL Experimental Engine (QCSEE) development
Noise prediction and reduction research

Wake vortex and separation research

Microwave landing system development

Airworthiness flight research

Hybrid OTW/1BF propulsive-lift system development
Composite structure research

Active control technology R & D

Alternate fuel research



INTRODUCTION

Previous studies of STOL technology and short-haul transportation systems have
investigated STOL feasibility, potential demand, and a general treatment of community
acceptance; but, for the most part these analyses have been resiricted in scope and lack
realism, especially in their treatment of advanced aircraft technology and the environ-
mental and economic concerns of the public and industry sectors in the practical time-

frame of interest.

In response to the NASA request to analyse a realistic short-haul air transporta-
tion system in the 1980-1990 time period the advanced lift concept vehicles were
designed around the Quiet Clean STOL Experimental Engines of the NASA QCSEE
program and a realistic competitive operational environment was postulated with the

direct assistance and advice of Eastern and Allegheny Airlines.

The key to application of STOL short-haul transportation is its potential capa-
bility to economically alleviate the significant problems faced by the National Air
Transportation System. These critical problems have been analyzed by many government
studies in recent years such as the Department of Transportation's ad hoc Air Traffic
Control Advisory Committee study, the Joint NASA/DOT CARD policy study, the
Aviation Advisory Commission study, the FAA's National Aviation System Policy and

Plan studies, to mention o few, and the causal factors can be summarized as follows:

e Imbedding of airports in housing and industrial developments resulting from

an unprecedented national urbanization,
® |Increase in air transport demand.

e Inability to expand the imbedded airport, resulting in runway saturation,
terminal and approach area air congestion, soturation of ATC facilities, and

girline schedule disruption and delays, and

e Sustained levels of noise impingement, air pollution and ground congestion

imposed on the surrounding community.



There appears to be general agreement that congestion of the major airports
and noise are the most important factors inhibiting the growth and prosperity of the

national air fransporfation indusiry, both long and short-haul.

Based on this evidence, it is widely believed that many metropolitan hub
airports have already reached, or soon will reach, their potential operating copacities.
It seemed that this view was confirmed by the extensive air carrier delays that occurred
in the summers of 1968 and 1969. Since that time, however, a slump in air travel demand,
an FAA imposed quota {reservation) program at the most congested airports, more efficient
scheduling by the airlines and the introduction of larger aircraft, have all contributed to
a significant reduction in air delays. Nevertheless, the ever increasing trend of aircraft
operations of all types guarantees the resumption of costly delays at most airports during

the 1970's if the present facilities, equipment, and operating procedures are unchanged.

These opinions and the experience of this study's Phase | analysis resulted in
the establishment of a broad policy premise for the guidance of the operating system
development to be used in the detailed Phase Il analysis. This premise envisioned that
the best chance of success for an economically viable STOL short~haul system lay in
solving the air-side congestion problem af the major hub airperts. If, and when, based
on demonstratable benefits, this becomes o feasible operation in o competitive environ-
ment, the system would then be allowed to evolve and expand fo secondary airports and
STOLports as the induced demand developed naturally. The induced demand results
from increased convenience, improved service and added community benefits, all of
which should then be observable and obvious. This policy premise was adopted as an
overall guideline to this study only after extensive correlation with the many related
government and industry studies and o consensus of the airline subcontractors and other

experts in the field.

This approach allows the system to become an established and economically
sound member of the aviation community with demonstratable benefits before it has to
take on the risks of modal split and the many uncertainties associated with induced

demand.

The specific technical approach to the accomplishment of this short-haul study
that is summarized in this report, was fo conduct an in-depth parametric aircraft design

analysis of a large number of candidate aircraft concepts, sizes, and levels of



‘performance; screen this large matrix of designs against a parametric transportation
system representative of the national short-haul market; and recommend up to six point
aircraft designs in Phase | of the study. In Phase |l these point designs were analyzed
in detail and introduced into o realistic operating environment of the 1980-1990 time
period through an airline system simulation model and airport analysis that reflected the

projected demands and copacities of the national air transportation system of that period.

Figures 1 and 2 are summary flow charts that outline the scope, content,

sequence, and output of the Phase | and Phase 1l analyses.
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SYMBOLS AND ABBREVIATIONS

AMST =  Advanced Medium STOL Transport
APFD = Autopilot Flight Director

ATC = Air Traffic Control

AW =  Augmentor Wing

ATA = Air Transport Association

BLC =  Boundary Layer Control

CAB = Civil Aeronautics Board

¢/ASSM =  Cents per Available Seat Statute Mile
Cy = Lift Coefficient

CTOL = Conventional Takeoff and Landing
DLC =  Direct Lift Control

DME =  Distance Measuring Equipment
DOC =  Direct Operating Cost

DOT =  Department of Transportation

EBF = Externally Blown Flap

ECS = Environmental Control System
EEC =  European Economic Council
EPNJB =  Equivalent Perceived Noise Level
FAA =  Federal Aviation Administration
FAR =  Federal Air Regulation

FPR =  Fan Pressure Ratio

G&A =  General & Administrative (costs)
IBF = Internally Blown Flap



IFR

ILS

10C
L/D

MF
MLS

ND!
0-D
OFPR
OTW
PANCAP
PAX
PHOCAP
PSA
RGW
R-NAY
ROI
RTOL
STOL
TIT

VR
VOR
V/5TOL

SYMBOLS AND ABBREVIATIONS (Continued)

Instrument Flight Rules

Instrument Landing System

Indirect Operating Cost

Lift/Drag (ratio)

Mach (number)

Mechanical Flap

Microwave Landing System

Nondestruct Inspection

Origin - Destination

Overall Pressure Ratio

Over the Wing

Practical Annual Capacity (landings or takeoffs)
(number of) Passengers

Practical Hourly Capacity {landings or takeoffs)
Pacific Southwest Airlines

Ramp Gross Weight

Area Navigation

Return on Investment

- Reduced Takeoff and Landing

Short Takeoff and Landing
Turbine Inlet Temperature
Visual Flight Rules

VHF Omni Range

Vertical /Short Takeoff and Landing
10



DEMAND AND A{RPORT ANALYSIS

One of the prime potential benefits ascribed to STOL is congestion relief at
major hub airports. Since this is such an important - perhaps the most important ~ aspect

of STOL, the demand and airport analysis was structured to:

e Determine as accurately as possible a realistic estimate of future hub

airport activity between now and 1990,

e Compare this with projections of potentiol airport copacity based on the best
government forecasts available to determine the magnitude of congestion and

when it is most likely fo occur, and

® Assess the potential ability of improvements in adir troffic control (ATC) and

the addition of STOL to relieve the congestion without inordinate cost.

The Aviation Advisory Commission's report, "The Long Range Needs of Aviation"
graphically portrayed the growth in long and short-haul origin and destination passenger
troffic in the mojor U, S. markets os illustrated in Figures 3 and 4. It is interesting to

note that eight major hubs

@ Boston o Chicago

¢ New York e St. Louis

e Philadelphia e los Angeles
e Washington ¢ San Francisco

are common fo both figures and became condidates for the congesfion analysis. Four of
these hubs are in the congested N. E. Corridor, two hubs anchor the California Corridor
which accounts for 22 percent of all short-haul, and the remaining two hubs are active

mid-west complexing centers.

Piotting the total unconstrained estimates of passenger enplanements and
deplanements at the 25 leading U, §. cities to the year 2000, from Table 2 of the
Advisory Commission's report, Figure 5 indicafes that the major portion of passenger
traffic will be served by the eight previously listed hubs with the addition of the ropidly

B



FIGURE 3. LONG-HAUL ORIGIN~-DESTINATION PASSENGER TRAFFIC IN MAJOR
: MARKETS U. $. DOMESTIC SCHEDULED SERVICE
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FIGURE 4, SHORT-HAUL ORIGIN-DESTINATION PASSENGER TRAFFIC IN MAJOR
MARKETS U. 5. DOMESTIC SCHEDULED SERVICE
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PROJECTED UNCOMNSTRAINED ESTIMATES OF TOTAL PASSENGERS

FIGURE 5.
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growing southeastern region and Dallas. These 25 cities make up approximately 74 percent
of the national total .

In 1969, the FAA published a list of the 16 most congested mefropolitan hubs
ranked in the order of airline delays experienced. Four of the listed hubs have more than
one major airport resulting in the following list of 22 airports which were selected for the

initial congestion analysis:

e New York e Boston
o Kennedy @  San Francisco
o La Guardia o SF International
o Newark o Qakland
e Chicago e Detroit
o O'Hare
o Midway e Philadelphia

o Los Angeles e Cleveland

e Washington, D. C e Minneapolis/St. Paul
o Washington National e S5f, Louis
o Dulles e Pittsburg
o Friendship
e Denver
e Atlanta
¢ New Orleans
e Miami

Dallas/Ft. Worth, Houston, and Kansas City would have been included in the list if the
delays experienced in 1968 were the sole criterion; however, each of these three hubs
has recently opened or soon will open a new airport with much greater capacity than the

replaced facility, and should experience little or no congestion through 1990.

Each of the 22 cirports of the 16 most congested hubs was analyzed. For the
purpose of this summary the methodology and procedures used will be described for
J. F. Kennedy Airport of the New York Hub, as on example.

15



e Total passengers were projected from 1969 actuals at a conservative annual

growth rate of 7 percent for the mature NE Corridor.

e Average seats available per movement were projected from 1969 actuals
using the ATA airport demand forecasts which account for the introduction

of larger, wide-body aircraft.

® Using these projections and an average load factor of 55 percent, the total,
ond carrier-only, movements were forecast to 1990. This forecast of move-
ments was compared with the independent FAA forecost for the years 1974

and 1983 and found to agree quite well.

These data for Kennedy Airport are plotted in Figure 6 and the reduction in movements
from the observed actuals of 1969 is due to the infroduction of wide-body aircraft and
improved load factor. By 1975 this temporory congestion relief is overtaken by the com~
pounded 7 percent growth in passengers and the forecast shows a steady increcse in aircraft

movements from this point to the year 2000.

After projecting the aircraft movements for each of the 22 cirports, as illustrated
in Figure 6, the basic visual flight rules (VFR) and instrument flight rules (IFR) airport
capacities for 1970 were estimated from FAA airport capacity criteria defined in FAA
aircraft circulars AC-150/5060-1A and 3A. For the example Kennedy airport the VFR
practical hourly capacity (PHOCAP) was 99 and [FR was 75, These criteria consider such
factors as runway separation, point of intersection (if applicable), aircraft mix, runway
exit configuration and wind rose data (percent of crosswind) all corrected to an assumed
overage delay standard of four minutes. Multiplying PHOCAP by 4150 gives the practical
annual capacity (PANCAP) of the airport at a 7 percent "peaking factor" recommended
by Eastern Air Lines. This results in o VFR PANCAP for Kennedy airport in 1970 of
410,000 movements per year and an {FR PANCAP of 311,000,

The Department of Transportation formed the ATC Advisory Committee in the
summer of 1968 for the purpose of recommending an air traffic control system for the
1980's and beyond. Their study shows that it is possible to greatly increase these 1970
capacities ot present airports by the development and implementation of improved air

traffic control (ATC). Very briefly their findings identify five options which summarize

16



FIGURE 6.

J. F. KENNEDY AIRPORT ACTIVITY FORECAST
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the various automation and procedural alternatives and dates for implementation, These

options are coded | through V with Option | incorporating all of the projected improve-

ments as described below:

Option V - 1975 - Present standards with speed segregation, speed class
sequencing, and computer-aided approach spacing which will reduce the

delivery error fo the approach gate from about 30 seconds to 11 seconds.

Option IV = 1977 - With commond control spacing there will be o further

reduction in delivery error fo five seconds,

Option Il - 1978 - Reduction of the spacing between successive arrivals
from three miles to two miles which will probably require the installotion
of a scanning beam microwave instrument landing system. The two mile

separation is predicated on the solution of wake turbulence problems.

Option 1l - 1979 - Reducing departure/arrival spacing from two miles to a

departure/arrival interval of 40-second average.

Option | - 1980 - Reduction of the lateral separation distance between
parallel runways required for arrival independence from 5000 feet to
2500 feet,

For this study a recommendation of MITRE was considered a reasonable compro~

mise for projecting the increose in airport copacity due to implementation of the ATC

options. This study increases the IFR capacity 20 percent by 1975 and another 50 percent

in 1985 when all five options are ossumed to be operational. For VFR o 5 percent

increase in capacity is assumed for 1975 and then phosed out by 1985, since IFR is the

operational mode that is considered feasible in the highly automated ATC environment

of options | and 1l. These copacity curves have been added to the J. F. Kennedy

activity plot of Figure é as shown in Figure 7.

Figure 7 indicates that J. F. Kennedy Airport will go critical in the late 1970%

based on-total operations and full VFR capacity. If all general aviation, militery and air

taxi is eliminated the critical date is only moved to the early 1980's. It should be noted

that the VFR capacity is computed on the standard four minute average delay. The slight

difference in VFR copacity computed for JFK and the actual total operations counted in
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FIGURE 7. J. F. KENNEDY AIRPORT CAPACITY FORECAST CTOL
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1969, represents a difference of only one minute delay. Actually, American and
United Airlines kept precise records of their total operations and delays experienced

" in 1969 and the average was 6.74 minutes delay per operation at Kennedy for the entire
year, J. F. Kennedy Airport ranked third in the nation for delays in 1969 after O'Hare
and Los Angeles. This seems to be an ample explanation for those few cases where VFR

capacity appears to be less than actual observations.

Using this procedure the degree of potenticl total, and air carrier only, runway
congestion was defermined for all 22 of the potentially congested airports of interest -
and within the framework of the ground rules and premises assumed, when the congestion
is likely to oceur.

By analyzing each.of the 22 potentially congested airports in the manner
described it was determined that nine major airportsgwould become runway congested
within the time frame of this study. Since short-haul in the California Corridor is

adequately served today by CTOL, Son Francisco wos eliminated ond o deteiled onolysis
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of the effect of STOL on congestion relief was conducted on the following eight congested

airports and the metropolitan-hub surrounding them, if applicable:

e J. F. Kennedy (JFK) e Philadelphia (PHL)
e La Guardia (LGA) e O'Hare (ORD)
e Newark (EWR) e Atlanta (ATL)

e Washington National (DCA) e Miami (MIA)

Before proceeding with the impact of STOL in relieving airport congestion
breakdown of the short~haul passenger demand into iocal O-D and interline connecting
passengers was made. Figure 8 shows the total short-haul passengers in miilions for the
20 largest U. S. hubs plotted against the percentage of these passengers that are local
O-D as given in the Aviation Advisory Commission Report. It is interesting fo note that

for these 20 largest cities, local O-D passengers constitutes 74 percent of all short-haul.

The six hubs showing 60 percent or less local O-D in Figure 8, i.e., Denver,
Kansas City, St. Louis, Dollas, Atlanta, and Chicogo, are all recognized complexing
centers. Of these six hubs, only Atlanta and Chicago appear in the list of candidate
congested airports. The other six congested airports (there are three congested airports
in the New York Hub) that show over 70 percent local O-D demand are candidates for
relief through a separate reliever airport, since there is sufficient local O-D to support

such an operation,

To determine the impact of STOL on congestion relief the approach taken was
to analyze each airport of a hub individuelly and from o map study only, evaluate the
possibility of laying in STOL-strips within the current airport boundary in an effort fo
increase local capacity with the introduction of STOL. This was followed by determining
the effect of converting certoin CTOL runways to STOL-strips for joint CTOL/STOL
operations. And finally, in the multi-airport hub situations, the effect of converting a

CTOL airport to an all-STOL reliever airport was examined.

Figure 8 indicated that the congestion at Atlanta and Chicago should be relieved
by the addition of STOL-strips on the airport if at all possible due to the high percentage
of interconnecting short-haul passengers. The addition of STOL-strips to all of the eight

congested airports was investigated in the study. However, since Atlanta is not part of a
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FIGURE 8. LOCAL O-D PASSENGERS FOR TWENTY LARGEST HUBS
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larger hub and the addition of STOL runways is probably the best solution in this case,
Atlanta will be used in this summory as an example of this procedure to increase airport
capacity.

Figure ? shows a sketch of the Atlanta airport with two 3000 foot STOL runways
added. Atlanta recognized their congestion problem and in 1968 they predicted complete
runway congestion by 1972 ~ 1973 ond started a long range master plan. The airport at
that time (1968) consisted of the existing terminal and two long parallel runways, with
two seldom used diagonal cross runways. Construction was started on o new runway and
it was scheduled for completion in 1972, There was a slippage of one year and this new
runway just opened in March, 1973. The muster plon called for another new runway to
. be completed in 1975. This too has slipped and it is estimated to be operational in 1977 -
1978. In conjunction with this fourth runway the existing terminal and the cross runways
will be abandoned ond a new terminal will be constructed. The existing terminal will be
used for the STOL terminal and the two 3000 foot STOL runways will give o STOL
PHOCAP of 60, increasing the total airport capacity from 98 to 158,

FIGURE 9. ATLANTA — JOINT CTOL/STOL
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‘Figure 10 depicts the dramatic increase in capacity through the addition of o small,
compact STOL runway system af the perimeter edge of the airport utilizing what will be.
the abandoned present terminal and in terms of aircraft movements this will provide

adequate IFR airport capacity for air carriers beyond 1990,
FIGURE 10. ATLANTA AIRPORT CAPACITY FORECAST WITH STOLSTRIPS
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Atlanta is a large complexing center for connecting passengers {over 55 percent
of all short-haul); therefore, the use of a STOL operation on the airport is preferred to

a separate reliever airport in this situation.

Returning to the original J. F. Kennedy example used earlier in this summary,
its congestion relief is attractive through the use of an all-STOL reliever airport since

it is part of a large metropolitan hub complex and its percentage of local O-D short-

haul passengers is high.
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Since La Guardia airport is a close-in airport it is o logical candidate for
conversion to all-STOL, as shown in Figure I, and thereby relieve J. F. Kennedy
and Newark of oll local O-D and compiexing paossengers (connecting passengers
without NYC as a destination). In this case both CTOL 7000 foot runways are
divided into two 3000 foot tandem runways with landing on the downwind runway
(toward the center) and takeoffs on the upwind runway (from the center), with 1000 feet
of separation. The existing CTOL runways would not be disturbed, the STOL runways
would be designated by paint, lights and instrumentation which allows much leeway in
the conversion commitment date. Even after commitment the CTOL strips are available
for emergency use or use by overloaded STOL aircroft being flown outside of pedk hours
on longer range RTOL type operations to improve their utilization - a feature atftractive

to the airline operators.

FIGURE 11. LA GUARDIA — STOL ONLY TANDEM STOLSTRIPS
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Figure 12 shows the all-STOL capacity forecast that results when La Guardia
airport {s converted to a STOL short-haul reliever airport. This figure indicates that

La Guardia airport is critical today with respect to tofal operations and continues to

degrade to 1990. This is borne out by the fact that operations are now strictly controlled

by the FAA and the introduction of all the ATC improvement options will not overcome

this situation. VFR delays exceed the four minute standard slightly until approximately

1975 then the divergence becomes increasingly intolercble. This airport is one of the

prime candidates for the dramatic increase in capacity inherent in converting to STOL

operation. ATA and FAA forecasts agree precisely for La Guardia providing a high level

of confidence for these projections.

STOL

FIGURE 12. LA GUARDIA AIRPORT CAPACITY FORECAST ALL-STOL
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For the purpose of ‘this summary it is assumed that the total air carrier hub demand
will be satisfied with J. F. Kennedy and Newark as CTOL-only airports and ‘Lo Guardia

is converted to STOL-only. Simply combining the total capacities and operations on this
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basis the New York Hub capacity forecast of Figure 13 is obtained. A cursory examingtion
shows that by converting La Guardia to a STOL-only airport and leaving Kennedy and
Newark for CTOL-only there is sufficient capacity in the New York Hub for all forecast
operations to 1990. Any STOLstrips added at Kennedy or Newark for added convenience

for connecting passengers would simply add to this capacity.

FIGURE 13. NEW YORK METRCPOLITAN HUB CAPACITY FORECAST
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One disadvantage of any Hub complex, of course, is the problem of connecting
passengers. Obviously, this is simplified when the STOL and CTOL terminals are on the
same airpert. However, evidence seems to bear out the fact that in the time frame when
congestion becomes critical there will be sufficient short-haul passengers to support o
separate airport with local O and D passengers only. A high percentage of connecting
short-haul passengers do not have o hub as an origin or o destination, These passengers
are now complexed at a hub thus adding considerably to its congestion. These passengers

as well, can be moved and complexed ot the reliever short-haul airport.

This alternative oppears to be an ideal solution for the complex New York Hub

for o minimal cost.
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The airport and demand analysis summarized here confirmed the basic premise

that there will be serious runway congestion at several of the key metropolitan hubs in
the time frame of this study and that the projected local O and D demand will support

the implementation of STOL and provide the congestion relief required for a viable

national short-haul transportation system. This general conclusion is based on the follow-

ing evidence generated in the analyses of this section:

Major metropolitan hub runway congestion by 1985 appears certain at;
o New York o Washington National
o Chicago o Aflanig

All-STOL reliever airports at La Guardia, Midway and Washington National
will solve congestion at the first three hubs.

Joint CTOL/STOL will relieve congestion at Atlanta

Local © and D demand represents a significant portion of the total short-haul

air demand.

Joint CTOL/STOL will completely relieve all potentially congested individual
airports except O'Hare. ‘

3000 foot STOL strips at all critical airports appear feasible - good possibility
of 4000 foot STOLstrips with 10 percent soving in DOC.

Best implementation for STOL is ot congested hubs - followed by induced
growth to secondary airports and STOLports,

Increased facility cost is minimal by converting key reliever airports at the

critical hubs to all-STOL.

The next section defines the quiet turbofan STOL airéraft developed in this

study .
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AIRCRAFT DESIGINS

The ground rules which were agreed to with NASA for the initial Phase |

parametric aircraft design analysis were as follows:

Alrcraft Noise Level: 95 PNdB at 500-Foot (152 m) Sideline

Design Range: 500 Nautical Miles (930 km)

Cruise Altitude: 20-30,000 Feet (6, 100~-2,200 m)

Reserves: 200 N Mi. (370 km) at cruise altitude and
15 min at 10,000 feet (3,050 m)

Field Altitude and Temp: Sea Level, 95°F (35°C)

Approach: 800 Ft/Min (243 m/m)

Touchdown: 3 Ft/Sec (0.92 m/Sec.)

Federal Air Regulations: Parts XX, 25, and 121

Deceleration During Rollout:  0.35 g

Production Quantity: 300 Aircraft

and the following parameters were studied:

Six lift concepts
Augmentor Wing (AW} with 2 stream and 3 stream engines
Externally Blown Flap (EBF)
Over-the-Wing (OTW)
internally Blown Flap (IBF)
Boundary Layer Control (BLC)
Mechanical Flap (MF)

Field Lengths from 1500 feet (457 m) through 4000 feet (1219 m)
Cruise Mach numbers from 0.70 through 0.80
Passenger capacities of 50, 100 and 200

Ranges of parametric engines from Detroit Diesel Allison and General

Electric Company.
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The Phase | parametric aircraft which were generated for each of the [ift concepts

are shown in Figure 14,

FIGURE 14. PHASE | DATA POINTS
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" Not knowing the final requirements nor environment of the operating system that
would utilize the new STOL vehicle concepts it was necessary to develop o broad range
of aircraft designs with sufficient excursions in requirements to cover all reasonable
eventualities. In Phase |, this was acc