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PREFACE

These Proceedings were taken from the tape recording of
the speecles with only minor editing. In some cases it was not
possitle to ottain the illustrations used by some speakers, never-
theless their references to motion pictures or projectuals lave
teen retained, for to have edited them out would have unduiy dis-
torted the text.
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WAKE VORTICES AND THE ATRSPACE

SYSTEM

- A DISCUSSION OF POTENTIAL
OPPORTUNITIES
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MR. HODGE: 1'd like to welcome you to the NASA/FAA Workshop

on Wake Vortex Alleviation and Avoidance. My name is Ken Hodge,
['m from NASA Headquarters and I'm one of your Co-Chairmen. [t's
my great pleasure to introduce the other Co-Chairman of this
meeting, Robert Wedan. Bob is Deputy Director of the Systems
Research and Development Service of the Federal Aviation Adminis-
tration.

MR. WEDAN: I would like to echo the the words of Ken Hodge
and say that on behalf of the FAA I also would like to welcome you
to this conference. Perhaps the first thing that's on vour mind
this morning, the minds of everybody as a matter of fact, is per-
haps the weather. You might be wondering why we're not holding
this workshop in Miami, but like most situations, there's a good
side and a bad side. I won't mention the bad side, if vou were
driving in this morning you probably know that. The good side is
that there's nothing to do outside so therefore it gives us the
opportunity to really focus in on the questions that are before us
at this conference. 1 say that not to be humorous but to be
serious. I think that the subject of the Wake Vortex Alleviation
or the Vortex Avoidance Systems is uppermost in the minds of those
of us who have ahead of us decisions to be made on limited re-
sources for R&D work. So, it is an important thing. We hope that
vou can put vour minds to the task over the next two days to
participate and get things rolling. I would like to introduce Jim
Andersen, who is the Director of Air and Marine Systems here at
TSC, who will be speaking as host, and be extending to you words
from the Director.

MR. ANDERSEN: Thank vou, Bob, and good morning.

Jim Costantino had to be away from the Center for a few
hours this morning, and so he has asked me to welcome all of you
to TSC and the FAA/NASA sponsored Workshop on Wake Vortex Allivia-
tion and Avoidance.

We have been playing a major role in the FAA Wake Vortex

Program, and as many of you know, TSC developed the Vortex




\dvisory System which is acheduled to begin an operational test

at Chicago's O'Hare International Airport in the spring.

\s some of you may already know, TSC sponsored an Interna-
tional Conference on Aircraft Wake Vortices in March of 1977
'hat Conference brought together transportation and aeronautical
specialists from government, industry, and academia from the
United States and around the world to discuss the progress being
made 1n analvzing wake vortices and the experimental svstems and

alleviation devices developed to cope with the vortex problem.

It is a particular pleasure to welcome back those of vou who
were here last year. [ also want to extend a special welcome to
those of you who are users of the airspace, as well as those of
vou who have come to help address the basic questions of opera-
tional philosophyv and economics, which affect all of us and which
must be resolved prior to reducing the delays and regaining the

lost capacity of our nation's high density air terminals.

For those of you who do not know us vet, let me say a brief
word about our respective roles collectively here at TSC in
Cambridge. This Center is the Department of Transportation's
major research, analysis, and development facility for highway,

air, rail, pipeline, and marine modes of transportatiomn.

With an annual budget of $60,000,000 and a staff of approxi

mately one thousand federal emplovees and support contractors,

ISC carries out major R§D programs for the O0ffice of the Secretary

of Transportation and for all major agencies within the Department
of Transportation, hence our direct support of the FAA Wake

Vortex Program.

We also provide the Department of Transportation and state
and local governments as well as private industry with engineer-
ing, economic, and planning information for all types of trans
portation programs. We are involved with problems of urban,
intercity, rural, and national passenger and freight transport,
and the analytical support to the entire Department with a pro-

fessional staff.
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athematicians, sociologists, and computer specialists. IS is

currently engaged in more than one hundred fifty research projects,

While vou are here, vou may wish to see what it is that we are

doing, some of the work that we are doing; therefore, 1 want to
take this opportunity to invite all of you to come and visit ou:r
Flight Service Station Automation Laboratory. The Flight Service
Station Automation Laboratory utilizes a computer controlled voice
résponse technique to encode current weather data, and in turn, it
provides automated voice pilot preflight weather briefings via

telephone.

Fhis system 1s currently undergoing a very successtul opera

tional test in the Washington, DC area.

\nother of our laboratories which may be of some interest
to you is the Tire Testing Laboratory, which analyzed the DC-10
tires from the March I, 1978,Los Angeles air crash for the
National Transportation Safety Board.

The Dvnamometer Laboratory and the computer facilities arve a
few of the other areas here at TSC which you may care to visit
while you are here,

If you should like to make a tour of the laboratories, plecase
leave vyour name at our Message Center.

A1l the necessary arrangements will be made for vou to
participate in a tour of the laboratories.

Once again, welcome; I hope your stay herve is & pleasant one.

I would now like to turn the rostrum over to Dr. James
Kramer, the Associate Administrator for Aeronautics and Space
Technology in the National Aecrvonautics and Space Administration.

Dy. kramer.

PR. KRAMER: Thank you, Jim, for the introduction and also
for the hospitality here at TSC. We appreciate being able to turn

over the details of taking care of a group of people like this to

¢ have engineers, scientists, community planners, economists,

T




a group as competent as TSC and who are generous in their support.

We do appreciate 1it.

We have had several conferences on Wake Vortex Alleviation
going back over the last several years. Jim mentioned the one
that was up here a year ago, and previous to that we had a sympos
ium in Washington discussing the topic, and we are going to do it
again here today at this conference. 1 would like to make a
special note of the fact that operating in this mode with the
opportunity for a very free exchange of views during the course
of the program is precisely the kind of activity that 1 encouraged
the NASA people to be involved in so that we do indeed remain in
touch with the aeronautical user community. The community, we
hope, is looking forward to the results of the research and tech-
nology advancement efforts that are being made in the NASA labora-
tories and, under NASA funding, by industry, universities, and
non-profit organizations. I am not at all an expert on wake
vortices. 1I'm not an aerodynamicist. [ was carried that way on
the NASA rolls for a while, back a few years ago, when 1 was head
of the Aerodynamics Division in NASA Headquarters and Al Gessow
was working for me. He had just hit the motherlode of funding
because the FAA had pronounced the wake vortex a very significant
problem. As a result, Al had parlayed that statement into about

a $§15 million check for doing research on wake vortex alleviation.

My view of the program is one of a very interested general
manager with no detailed technical expertise in the area. So I
feel perfectly qualified to tell you what my views are on the work

on wake vortex alleviation.

We have invested -- I don't know the number precisely --
but something between §10 and $20 million of NASA resources in
support of the national objective of finding ways of modifying
aircraft or in general alleviating the wake vortices which are
generated by transport aircraft. And I would say that the work
that has been done by the people involved, whether working for

NASA or working for industry as partners in the total team, has been




4 very competent engineering job. My impression of the results
that we will all hear a lot more about today is that very inter-
esting and useful engineering information has been generated which
could lead to significant alleviation of the wake vortices being
generated by aircraft; however, this research activity did not lay
the golden egg. No solutions to the wake vortex problem have been
found which don't weigh anything,which don't generate any drag,
which don't increase noise, or which don't cost something. I've
been involved in advanced technology activities for some time and
[*ve never found one of those. So I think it is perfectly un-
realistic to expect that we're going to find one in this area

either.

I'm somewhat concerned, therefore, and I find this a particu-
larly timely spot in the program to assess just where we are going
with this kind of activity. I see us having in place a good
NASA/industry team which is quite competent to do first-class
engineering work on a significant national problem, and it is
really time to decide what we're going to do with that capability.
I do not mean to say that the capability, just because it is good
and has been generated by a NASA/industry team, has got to be used;
on the other hand I do think that if this kind of information
being generated by our first-class engineering teams does not have
a reasonable prospect of being used, we should direct our efforts
into more productive activities because, Lord knows, there are
plenty of problems associated with aeronautics in the United

States.

So I see it as timely, and I think that we really need to
have an extensive dialogue with the potential user community so
that we know what directions our future research efforts should
take and at what level we should pursue them. TIt's not a cheap
business that we're in; we can carry it out at various levels of
funding or various levels of resource investment and that's basic-
ally the kind of decision we're faced with in a general management
function like ours in NASA headquarters. It is up to you people

to discuss the alternatives, to decide which ways of coping with
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tl ir transportatiol VSt rob i ire the most appropriate
at to ne ftorn 1 nat 1ndeed LR C ense for NASA to be dois

| hope you'll do that and take it seriously in the next
couple of days and keep the lines of communication open to us,
ut [ would also encourage you not to expect the golden egg, but
to t before you good, honest, practical engineering work which
has the potential of havin 1 significant impact. However, 1t is
onl relevant 1f that ignificant impact is indeed needed by the
11T transportation te

l'hanks very much

M LAK] hank you, Ji

\1 Albrecht, Acting Associate Administrator for Engineering
Development for FAA has asked me to pass on to yvou his regrets at
not being able to be here personally today. He also wanted me to

emphasize his feelings on the very high importance that he places

to join Jim Andersen and Jim Kramer in welcoming yvou to this

conference.

Now, Ssince they have already covered the overall purpose of
the workshop, I would like to take the next several minutes to
underscore the importance which FAAN and the aviation community
ittach to the development of wake vortex detection, ['r'v\ii\'tion
and alleviation techniques. We believe that these techniques
either alone or in combination with an automated terminal area
traffic management function are the key to achieving the reduced
interaircraft arrival spacings which in turn are the key to help-

ing us achieve our goals of higher airport capacity.

Our later speakers will present an assessment of the impor-
tance of achieving reduced spacings, measured in terms of the
financial and operational gains accrued to the users of the air
space, particularly at our major airports. And as you will see,
relief from the use of the present relatively large interaircraft

spacings that we believe can be achieved through use of vortex

£ this conference. So in his behalf, I would like
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detection and alleviation systems offers what appears to he very

.

very substantial benefits indeed.

Now, many of vou know that we initiated a broad ranging
activity last spring, to focus our future engincering and develop
ment programs on the major problems as seen by the aviation com

munity. Nearly 00 organizations with approximately 250 experts

have been participating in this new engineering and development

've been working very intensively

initiatives activity. And they
to examine the needs of aviation and to help FAA to establish the
best new engineering and development program for the future, \nd
they have focused very heavily on the problem of airport capacit)
which in their minds, and the minds of manyv, is the major continu

ing problem facing the aviation community.

Now we all know that the ideal solution would be more run
ways, more airports, including general aviation or commuter run
ways at our major hubs. But we all know the practical difficulty
in achicving this solution and this is pointed up to us by the new
engincering and development engincering initiatives experts,

Ihey are doing evervthing possible to increasce the capacity at
our existing airports. And although the final report and the
recommendations of the new LD initiatives activity in this area
are still to be submitted to EAA, the group dealing with this
effort has concluded that whatever could be done to reduce inter
arrival spacing, to reduce runway occupancy time, and to allevi
ate the effects of wake vortex turbulence must be done, and must

be done very energetically.

We would like in these two davs to share with vou the cefforts
that we at NASA and the FAA have underway, and their respective
results as we sce them. And also to solicit from yvou advice and
puidance to both FAA and NASA on the best ways to move ahcad, and
to produce the needed reductions in delay and increases ol effed

tive capacity at our major airports.

Many of vou alrcady know that NASA has been working on the
alleviation of wake vortex effects at the source, while FAA has

concentrated on svstems to detect and to avoid the effects of

1-0
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wake vortex turbulence t
\nd this latter effort h

heavily in the design of

We believe that the
this type of system, and
cutdance in defining ow

development emphasis in

hrough the use of ground based svstems

as involved the staff here at TSC very

vortex detection and avoidance svstems.

work to date has shown the potential of
we look forward to vour advice and
future efforts and placing the propet

this most important area. Before turning

the rostrum over to Jerry Chavkin, I would like to thank the

Transportation Systems Center for their very specilal efforts in

supporting this conference; and our special thanks to Jim Andersen

and Bill Wood, who have

taken care of the physical arrangements

for us here in Cambridge.

Jerry

MR. CHAVKIN: hank

gentlemen.

vou, Neal, and good morning ladies and

You'll notice in yvour propram that Jim Andersen and 1,

besides being participan
the jobs of the \‘!‘}'_.llli.‘(‘
so I'm going to do this
we'll handle later.

'

ts, are also listed as organizers. e ot

rois to make some logistic announcements

very quickly, and any questions yvou have

There's a message center directly outside the door. There

are two voung ladies out

there who have been involved in setting

up the conterence. There's a number that you can leave with us it

you want yvour office to

workshops. F'he message

get & hold of you, even when vou're in

center will take care of things tor vou.

If you haven't registered; we'd appreciate it if you'd register at

the desk because vou'll
of course, we would like

make sure that vou sign

get a copy of the proceedings that way and

all of vou, even if vou've repistered, to

up for one of the workshops, it in fact

vou intend to be here tomorrow. That doesn't mean that vou can't

Lo ftrom one \\\‘I‘l\‘«]\\‘[‘ {to

the other, but we'd like to have those of

vou who are interested in a specific arca, please sign up ftor a

workshop and focus vour

efforts in that particular workshop.




Those of you who are speakers, please well before your time
for speaking, get your visuals to the audio/visual desk, which is
right outside the door. Because of the rearview projections, they

have to get the material back there ahead of your presentations.

There is a blue sheet in your handout that gives you the bus
schedule. There will be buses going back tonight at 6:00 and
7:45 to the Copley Plaza. There's a bus coming here from the
Copley Plaza tomorrow morning and going back tomorrow night to the

airport at 5:00 P.M. The schedule is in your handout.

Now, one other thing -- You'll notice breaks and lunches on
the agenda. At all the breaks, if you wish coffee you can go
right up to the cafeteria on the second floor and get-it. The
lunches are timed pretty close, an hour to an hour and 15 minutes.
The cafeteria can easily handle all of us here and if you haven't
had the pleasure of government cuisine in the last couple of years
or couple of weeks or couple of days you're going to find some of
the best government cuisine right here on the second floor. lHow-
ever, if you want to go outside and suffer in the rain and the
snow and the sleet of Boston there are restaurants around here

that you can deal with. Please try and be back on time.

There is a social hour tonight from 6:00 to 7:45 and it's
going to be up in the cafeteria. We hope all of you will attend
the social hour. There will be a bus going back downtown after

the social hour as well as one before.

There will be space in the lobby here tomorrow for your
luggage. If you bring it back on the bus and leave it here, it
can be left right in the lobby where it will be secure. The
powder rooms are right outside the door. One thing I would like
to point out is that on the program vou'll find today that we
have a session devoted to remarks from the airplane manufacturers,
If there are any of you who represent airplane manufacturers that
are not on that particular program, but vou have decided you'd

like to say something, please let Ken Hodge know.
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\lso, and this pertains to tomorrow morning between 8:30 and
10:30 we have devoted time to listen to the aviation community,
other than the airplane manufacturers, and what they have to say
about wake vortex. \nd i any of vou would like some time on
tomorrow's session, bhetween 8:30 and 10:30, | encourage vou to scee
Bob Wedan, who will chair that session, and he will get vou on

there 1n the morning.

In the sessions that we're going to have today as long as we
can stick to the schedule, we'll allow questions, but I think it's
more important to stick to today's schedule and then have the
questions brought out in the workshops tomorrow., So if there i:
time we'll allow questions in the session today otherwise we will

nove through the scssions essentially on the schedule.

Now, the session 1'm chairing deals with what we call Oppor
tunities Analvsis of Wake Vortex Avoidance Systems. 'he question
1s one of potential. 'he question is one of delavs in the system.
The gquestion igs one of, as Neal Blake brought out, how are we
going to build new runwavs, \re we going to build new major hubs
or are we going to have to get the most capacity out of what we
have todav. The analvsis to be presented by Dr. Agam Sinha of the
Mitre Corporation is preliminary in that it hasn't been completely
documented yet. But the basic analysis 1s in fact complete. We
have taken a look at the projections for the next 15 yeatrs for the
major hub airports and looked at what it would take to get
capacity increcases at those airports through the use of reduced
longitudinal spacing. Now let me point out that some of vou
might have been at the new initiatives conference last spring wheén
we got the message to the group that the major issue in capacity
was reducing longitudinal separation in the svstem in order to

've lost through wake vortex separation

gain back the capacity we
and to further gain increases in capacity on the runways that

exist at the 22 major hub airports.

Now, hefore Agam starts, | want to point out one thing to
vou, Fhere is alwavs a problem when vou present a global study,

and that's what Agam is going to present to you. But I want to




TR

make sure that vou understand that we have airport improvement

working groups going on right now at 10 major hub airports. We
are doing delay analysis on each specific airport, involving the
operators, the airlines and the FAA people at the airport. \t
places like Chicago and Denver, this will mean making specific

runs on their forecasts with the traffic and conditions they see

for 1985 to 1990, The results are coming out very close to what
Dr. Sinha is going to show vou.

So this is not something that we dreamed up. Frag i ic wilil
Increase. he capacity of our major hub airports i1s on¢e of the
most significant problems in the aviation system today. It
appears as though the onty game in town is longitudinal sceparation
decyeases. WhatYs it worth? Dr. Sinha.

DR. SINHA: Fhank vou, Jerry, and a good morning to evervbody

['d 1ike to start off with the first vwi-graph. What 1'm
going to be talking about todav is the analvsis of potential
advanced vortex svstems separvation standards. o give vou a
little bit of a background of what we are talking about here,
several studies have indicated, that the vortex systems have to

provide the Key to reducing separation standards.

What I mean by advanced vortex systems can be c¢lither vortex
alleviation at the source or monitoring and prediction of vortices
by the ground based svstem. The objective of the analysis that
1'm going to be talking about today is to assess and guantify the
delay reduction benefits that might be experienced with reduced
separation standards. The analysis will be presented in thiree
parts. The first will be a comparison of the vortex advisory

- stamndards . By vortex advisory svstem | mean

svstem versus today
the system that has been developed by TSC and is currvently in
position at Chicago O'Hare and expected to undergo operational

tests very soon.

t

The next step logically; as we see ity is a 2.5 nautical-mile
minimum standard that takes us bevond the VAS 3 nautical-nmile
minimums; and finally, if we are successful in all our efforts we

would hope to reach 2 nautical-mile minimums.
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lo give vyou a very brief overview of the methodology that we

use, we started with a parametric set of separation standards for
any given scenario. When we combine that with the airport operat

ing conditions, in terms of runway configurations, aircraft mix,

and other related specific variables, we can estimate the capac

ities for the 1985 and 1995 time frame, which we have chosen for

this analysis. ALl our analysis deals with the top 20 air carrier

airports. On the other side of the coin, we need to get a handle

on the demand projections. Our starting point was the FAA annual

demand projections which we converted into 24 hour daily demand

profiles based on today's profiles that we see at the specific ;
airports which in some form is a representation of the desire of
the public to fly. A combination of the matching of the capacities
and the demands then allows us to get at the annual delay esti
mates through some analvtical delayv models. For this analvsis we
have staved awav from simulation, which is being conducted at

specific airports, as Jerry mentioned.

o get a dollar benefit out of the annual delay estimates,
vou have to deal with aircraft operating costs, and I'll talk in
some detail later about that topic. Once we have the annual delay
costs for each system, then we can discount it back for the period
1985 to 1995. We have used an OMB guideline of 10 percent dis
count rate to get at the total delay picture. The delay savings
benefit, which 1°11 be talking about in the results of this
analysis, is then nothing but the difference between the total

delay costs for the two candidate systems that we are comparing.

Let me take a moment to talk about the TFR separation stand

ards that we will be using. Let's concentrate on that number for
a minute. To orient vou to what vou see on the board, the No. ©
represents, under today's set of rules when the lead aircraft is
a heavy (300,000 pounds or more) and the trail aircraft is small
(less than 12,500 pounds), then the applicable standard is o

nautical miles. What we expect to see under an operating vortex

advisory system is almost all separations being 3 nautical miles,
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which gets us back to where we were a few years ago. The stand-
ards that you see for advanced vortex systems, 2.5 nautical-mile
and 2 nautical-mile minimums are compatible with all the specific
task forces that are going on right now. You will notice under

the 2.5 nautical-mile minimum, for example, that most of the
standards are 2.5 miles; however, to be conservative where vortices
might be a greater hazard than others, we have picked some stand-
ards that are larger than 2.5 nautical miles, namely 3 and 3.5.

A similar scenario is presented in the 2 nautical-mile minimum

standards.

On the right side of the screen, we have assumed a certain
reduction in the departure/departure spacings in seconds, which
are again consistent with the task force studies. Now, one of the
questions which I'l1l leave you with at the end of the analysis is,
Are those real numbers? What do we have to do to get to these

departure separations?

To briefly go over the rest of this study assumption, we are
interested only in the IFR average delay per operations. We have
not assumed any benefits for advanced vortex systems under VFR
operations. For the sake of simplicity we have assumed a linear
interpolation between 1985 and 1995. 1In the kinds of delays that
we are talking about, this does not present any significant devia-
tion from actual values. In terms of aircraft operating costs,
there have been a number of discussions whether to include rentals,
depreciation, passenger costs, and so forth. Again, to be on the
conservative side, we have assumed only the direct incremental
operating cost of the aircraft, namely the flying and maintenance
costs. It does include the flight crew as well as the cabin crew.
A1l the values that you see will be expressed in 1976 dollars, the
prime reason for that being that the latest aircraft operating
data available was for that year. However if you want to trans-
late it into any other year, it's just a question of simple multi-
plication by the inflation factors.
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A\s | mentioned earlier, | will be addressing only instrument
meteorological conditions and we claim no benefits for VFR opera
tions, Before we get into the results, let me take a moment here
to discuss the relationship of demand and delay. Let's concen
trate on the first curve which talks about today's svstem. \s vou
can see, when the demand grows on the X axis, the average delay
in terms of minutes per operation has a very distinct knee in the
curve. What that means is that when vou come close to saturation
there'’s a very rapid increase in the delays experienced by the
aircraft. Now I don't know whether that number should be 14 or lo
or 18, but for example, suppose we assume that 15 minutes per
operation is the order of the delay that is going to be experienced
by the projected demand under todav's system. If that number is
too high then what will actually happen is as follows -=- Let's
for & moment look at this line. This represents some level of
acceptable delay that the public 1s willing to live with. For
example, 4 minutes per operation, Now, I'm talking about every
aircraft at the top 20 airports. What we would then expect to
happen under todav's scenario, as the demand reaches a point where
the average delay is 4 minutes per operation, is that the growth
of aviation will be stifled . The economics of the situation
would not allow it to ErOW. However, if we manage to get to the
VAS separation standards, the delavs will drop and subscquent Iy
there will be some growth in aviation until we come back to an
dcceptable level of delay. This process will then repeat itself

if we manage to keep on increasing the capacities of the airports.

What we are doing by comparing the delays at the projected

demand levels i1s trading off this additional demand that has to be

turned awav because of the lack of capacity versus the additional
delay savings that is some representation of the value of the

demand that was turned awav.

To give you some idea of the numbers, the value of the delay
that we've associated with this demand that is going to be turned

away, represents about $50 per passenger. So we feel that this

is not unrealistic, in fact, it is on the conservative side,.
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What are the results that we get out of this analysis? We'll
be looking at the maximum potential annual delay savings to give
vou a rough tdea ot annual numbers. Fhen we'll also present to
you the total delay savings for our time period which is 1985 to
L9898 for varying pevcent effectiveness for the three scenarios
that I mentioned earlier. What this is supposed to indicate then
is @ first-order magnitude of what the potentials of vortex systems

would look 1like.

What we hove here is & plot of the calendar yoar versus the
anpual Jdelay savings in 1976 dollavs for the top 20 airports,
the bottom line represents a VAS base line representing 40 percent
operations under the VAS s« .andavds that you saw earlier and 60 per

cent fallback operations under today standavds., Fhese numbers

have come out of a detailed TSC analysis of the winds at the

various alrports and represent o farrly sood, average percent ot
operations over the top 20 airports, What this says then is that
over today's standards we can expect to save saomething of the

order of $150 to 5200 million u year, if we could get the VAS base

Line to work.

One way of getting further reductions in delavs s to increase
that 40 percent number. Can we pet the VAS to operate at a highea
percentage? The top line *hat vou see over here shows what would
be the delay savings if we could get up to 100 percent VAS el le
tiveness, that 1s 3 nautical miles all the time; however, we know
realistically that that is not going to be so. So In reatity, tf
we increase the VAS base line and achieve a higher percentage of
time that we can operate under 3 nautical miles, we are talking
about somewhere in the range of $250 to $300 million savings a
vear at the top 20 airports.

You can see the other two graphs up there on a similav plot
for 100 percent effectiveness effectiveness of 2.5 and 2 nautical
mifles, \wain, the messave that 1 ointend to bring out on this

chart is not that these are the realistic numbers that you'll

ever be able to achieve, but that the potential of going bevond
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The final part of the analysis deals with the comparison of

nautical miles versus 2.5 nautical miles in a similar scenario.
Here, what we are talking about is for a given percentage effec-
tiveness of advanced vortex systems, if we could go down to 2
nautical miles instead of 2.5 nautical miles, what would the delay
savings look like at the top 20 airports? An absolute maximum
potential, which we know we cannot attain is of the order of $4
billion, and to take it back to the same comparison of 60 percent
advanced vortex system operations, we are talking about §2.25

baillion te $2.5 billion at the top 20 airports for 11 years.

These are all incremental benefits and they add up to a lot
of dollars. How does one go about using this analysis? Is it any
use to talk about these kinds of numbers? We have tried to apply
it to a case of estimating what kind of F&E money can we spend
either for ground systems or for vortex alleviation system, and
still come out even over the analysis period. We have assumed that
we have to recover the cost by 1995 and that all the F&E occurs in
1985, which though not realistic is a conservative way of approach
ing the analvsis. Since we don't know what the svstems are going
to look like or what its operating and maintenance cost will be we
have assumed 10 percent of F§E as the annual O§M costs. And again,
in the numbers that vou are about to see, we have not included any
RED costs because we don't know its order of magnitude right now.
We have continued with the 10 percent discount rate that was used
in the previous part of the analysis. The output of this sort of
an approach then gives vou a first-order estimate of equipment F§E
such that you break even over the analysis period.

To give vou a specific example for 60 percent effectiveness
of 2.5 nantical miles VAS, for the top 20 airports: If you go
through the mechanics that were outlined in the previous chart,
you'll end up with $2.3 billion available for F&E costs of reduced
spacing cquipment. And the recason why 1 stress the words reduced
spacing equipment is that advanced vortex systems may not be the

only thing that allows you to go down to 2.5 nautical miles.
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\gain, not knowing the future, we have assumed half of the F§l
costs for non-advanced vortex svstems equipment like metering and

spacing and other automation aids, or whatever else might "be neces
sary to get down to the reduced standards. What that implies then
is about $1.2 billion available for advanced vortex systems. . We

have presented two examples here. For the ground based svstems,

let's assume that we need one AVS unit for each 1LS runway at the
top 20 airports, This requires approximately 80 units for the top
20 airports, which implies that we can spend up to $14-1/2 million

for each AVS unit and still come out even over the ll-yvear period.

Now, admittedly, when vou include R§D costs in there, the

14.5 million would be reduced. However, the message that 1 want to

leave you with is not ‘the number 14.5, but that it is a large

number and there should be a concentrated effort to get to an

advanced vortex system. [f vou apply similar logic to the airborne

while Keeping the top part ot the exam-

vortex alleviation syste
ple constant and assuming that we still spend halt of the money
for non-AVS equipment, and have $1.2 billion for vortex allevia-
tion systems, and 1f vou look at the projections of the fleet,

{even though we know that not necessarily all jet aircraft would
need vortex alleviation systems), and we conservatively assume

that 3,000 jet aircraft need AVS; what that tells us then 1is you

get 30.4 million F&E available per aircraft,

If we do not need anv non-AVS equipment under the vortex
alleviation system, that §0.4 million per aircraft immediately
becomes $0.8 million per aircraft. And again, 1 would like to

stress not the 14-1/2 or the (0.8, but that they are large numbers.

To summarize what we have seen here today, expected delay
savings tor 1985 to 1995 at the top 20 airports, under full pro

jected demands, is $1.25 billion for VAS versus today and an

additional 4 billion at 60 percent effectiveness of 2.5 nautical
miles advanced vortex svstem, and somewhat less moderate $2.5
million if we can manage to get down to 2 nautical miles versus

the 2.5 nautical miles.
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This only addresses one small aspect of the question and shows

that there is a large potential. There is large benefit to be

gained out there by reducing our separation standards. There are

a number of other questions that certainly need to be answered
before we can even hope to take any significant steps towards
achieving that benefit. From the economic side, we have talked
about the benefits of these svstems. We have not talked about the
costs. 1s half a million dollars per aircraft a reasonable number?
[s §I14 million per ground system a reasonable number or is it

going to be much higher or much lower than that?

\lso in this analyvsis we have not addressed the cost effec
tive installation criteria for each system. We have assumed that :

it will be installed at all places at all 20 airports and on all [

o

jet fleet aircraft.

On the technical side, what is the upper practical limit of
advanced vortex system effectiveness? If it can only hope to go
to 2.3 or 2 nautical miles 10 percent of the time then the picture
changes as opposed to the 60 percent that is used in the example
here. For the ground based system, can we use the same system for
arrivals and departures or do we need a completely different
system for tracking departure vortices? What are the kinds of
coverage that we would need in terms of lateral and longitudinal
coverage on the approach path? And by that 1 mean should the
coverage of the advanced vortex svstems on the ground extend to
the outer marker, middle marker, bevond the outer marker, 2,000
feet on the side to cover traffic merges and so on? We don't have
answers to those yet.
From the operational side, even if the advanced vortex svsten
does tell the controller that, yes you can go to 2.5 or 2 nautical .
miles, what are the operational requirements in terms of procedures?
How long a lead time does the controller need to effectively tran-
sition from the terminal area standards to 2.5 and 2 nautical .

miles standards? By the same token, all of a sudden the advanced

vortex system tells him, go back to 3 or 5 nautical mile standards;




how long does it take? Does it mean five missed approaches that
have to be executed simultaneously or is a l0-minute warning time
enough?

lhe net message that I want to leave you with is although the
benefits as indicated by the analysis are substantial, there are :
lot of hard questions that need to be answered and that is the
purpose of this workshop. I hope we can come out with some ver)
positive steps in that direction by the end of this workshop.
Thank you very much.

MR. CHAVKIN: Well, I guess the first question you could ask
is, Chavkin, have you lost your marbles completely? §7 billion,
$5 billion, $§4 billion of delay savings. And we're talking about
R&D programs in the millions. Why aren't we charging ahead? Well,
I don't think I've lost my marbles but I think I'd like to put
this in a little different perspective for you. In the first
place, yvou have to understand that 5 of these 20 airports are
reaching the knee of that curve today. Just ask the airlines if
the system is becoming saturated. The alternatives to meet that
saturation problem are not numbered in the 10's of 100's. There
are a few alternatives, that reduce longitudinal spacing, and
start bringing you back off the knee of that curve. And further-
more, I can be 90 percent off my marbles, not 100 percent, but 90

ercent, and we're still talk
I

and industry forecasts of tra

million or 300 million.

in delay savings.

Now, I mentioned the delay task forces and want to point out 1‘
two of them that are complete now. One in Chicago and one in i
Denver. These two task forces came up with numbers that are not i
suprisingly different than some of the numbers yvou see here. '

The Chicago task force said that if you could bring the Chicago

svstem from 3 to between 2.5 and 2 miles in 1986, between §25 and :

§50 million per vear could be saved at that one airport. The }

delay task force at Denver which we just completed said that in b

the vear 1990 we could save anywhere from -- 1 think Denver was |
t

So we're talking about

ing about delay savings based on FAA

ffic between 1985 and 1995 of $400

very big numbers

1 -

0 it




e 2 o At

350 to $40 million in the vear 1990, based on their traffic fore
casts and the runways that exist today at Denver. 25, 30, 40
times 20 airports and you're up to §1 billion a vear. Now those
results came from delay simulation runs on the specific airport,
and are agreed to by the group that is involved in the airport
improvement task forces. So the message is very simple. Don 't
believe $4 billion. On a scale of 1 to 10 believe 1, $400
million. Fhere is so much capital, or dollars, or resources, to
be saved by planning now for decreasing the delays that are going
to occur at the top 20 hubs between 1985 and 1995, that we must
investigate the best way to achieve this potential in the National
\Wwiation Svstem., That's the message we want to leave vou with.
And there's plenty of detail that we have to discuss with you in

vour workshops.

Now, we have [f my watch is right five minutes to the
break and both Dr. Sinha and T would be plad to answer any ques

tions that anvone in the audience might have.
Yes, SiT.

MR. AARDOOM: My name is Wim Aardoom, Air Traffic Service,

Netherlands.,

| have a question which [ was poing to ask anyway, onc of
these two davs, that mavbe is suitable now. Of course, when
vou're taking about investments f{or reducing separation below 3
nauntical miles, it's at least my administration's opinion that you
need a little bit more and vou're thinking about improved radar
svstems.  You're ceven thinking about automatic meterving and spac
ing svstems. My question is, what is the FAA view on this? [Is it

prervequisite for going below 3 nautical miles? Thank you.

MR. CHAVKIN: That's a very good question, and as a matter ol
fact, that's one of the hard questions that we're looking at as
Neal Blake mentioned in the New Initiatives cotffort. \nd although
Agam mentioned it, let me reemphasize the answer to that question.
We are not saying that we can take our National Aviation System

¥

2.5 or 2 nautical miles separation standards by simply solving

aladic
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airlines; and I'd like to give you an example. Yesterday I came

in from Chicago and there was a five-hour delay and everybody
staved on the plane. Now, vou have a 15-minute delay there and
you assume that if people are going to have to wait more than 15
minutes they won't fly. That's not the case if the people are
going long distance. On the other hand, I had to land in New York
and they cancelled all the flights so I took a train. And there
was a case where on a short distance the delay function is also a
function of your route, and the point I'd like to make is that the
delay is based on your demand curve and the demand curve is a very
difficult quantity to tie down. As a matter of fact, I haven't
seen it tied down for aircraft., I haven't even seen it tied down
for things like Ivory soap. For the airliner the need is the
elasticity of demand with price or the elasticity of demand with
waiting time. I'd like to say that unless you can tie the demand
function down, explicitly, the whole analysis that vou're coming
up with is somewhat impressionable on the airline industry. As a
matter of fact, if you can in fact save a billion dollars and show
that you could get a discount rate of 12 percent, people in the
airlines would be investing it. So I'd like to say again you need
to get that demand curve if you're going to make projections of

the future of the cost benefits.

MR. CHAVKIN: Thank you. I think one point I would like to
make is we wait anxiously for the airlines to comment on this,.
We have representatives of the airlines and ATA here, and the air-
lines know delays cost them money. It's no secret. And the
President of ATA recently said frankly it was $400 or$500 million
a year that delays are costing the airlines. The question of who
does what to whom is a separate question from the fact that it
does cost money. But there's one other point I would like to make
When we talk about a 15-minute average delay, peak hour delays in
the system are over an hour or hour and a quarter. That is the
average for the entire fleet into that particular airport. That

is how you do a delay analysis. But that doesn't mean that every-

body is level at 15 minutes. The delays go up and your peak hour

—
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20 minutes. Maybe Agam

delays average an hour to an hour and

wants to add to that

PR. SINHA: In addition to what Jerry said, a 15-minute
average delay per operation is simply a mathematical tool to get
at the numbers. The distribution is very wide. You can get up to
two hour delavs on parvticular n[‘vkr;nl ions or you can get no delay,

especially in VFR, for example,

In addition, I thing your peoint about the achieving of pro
jected demand is a verv good one. We have conducted some sensi

tivity analyses there. We have cut back demand 10 percent or

25 percent or 30 percent and seen what effect it has on the delays.

What really shows is that even if you cut i1t back 25 percent you
are still operating above the knee of the curve under today's
standards. So you're still going to bhe facing a problem here.
Yes,; the magnitude of the delay savings would decrease, but it
will not go away. And all these will be documented in our torth

coming reports to the FAA.

MR. CHAVKIN: Before I turn over the podium to my distin
guished NASA colleague, some questions were raised that 1 want to
try and answer for everyvone since we did not get in a lot of

detail on these issues.

When vou take an economic study that's been run over a vear
to a year and a quarter, and you've looked at all varieties and
sizes of things, and then vou put it before an audience on a bunch
of view graphs in 30 minutes, some points that vou're trving to
make don't come out the way vou want them to. S0 I want to try a
couple of things. First, vou have to understand that when we do
an economic analvsis for some 20 hub airports, the FAA by our own
policies do not restrict the demand., We therefore calculate the
total value of the delay. In other words we just let it go as
high as it could. That's what we do in our task forces, also.
You then see that a 15-minute delay average as an example, could
result in an hour, or hour and & quarter peak delays. We let it

g0. The economic numbers vou saw where the delavs that resulted

1-4¢C
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trom unconstrained demand delays at 20 hub airports using fore
casts for the year 1995. Now, what did we mean by the value of a
passenger, the $50. You know, what we said is let's assume for a
minute that in the real world we will not let demand go like

that. If the airports are constrained, we will limit the demand.
Okay. If you limit the demand there is an economic value to the
air transportation system. The $50 was not an input, it was an
output. The calculated value of limiting the demand to approxi
mately a 4-minute delay level, comes out as the economic value of
limiting the demand which was about $§50 a passenger. That's all
that is meant. And we're not saying it's right or wrong. It's a
reasonable number. [It's at lecast what the economists (I'm not an
economist) tell us is reasonable. So I hope that clears up the
first point. [t wasn't an input, it was an output. We let the
demand go. We calculated the dollars of delay based on what
happened to it. But then if we suppressed the demand to the so
called magic number of 4 minutes, and we don't know if it's 4 or 5§
or 5, it's worth about $50 a passenger. 1t they divert to another
mode and they still travel, it is still worth something to the
air transportation svstem as a system that did not meet this

demand.

Secondly, I want to make it clear that why we have 100 percent
effectiveness shown on those charts is that's the potential for
alleviation. A ground system we know can never get to 100 percent
effectiveness. But, if an aircraft with an alleviation device has
an airplane following it, no matter theoretically what the weather
1S, it has the potential for 100 percent effectiveness. So it
wasn't meant to point that the ground system was the answer at 4Q
or 60 percent, but rather the ultimate potential was a 100 percent.

Okay?

Now, the third point, and this is a very diff{icult point.
The delay costs dre accrued to the operators, the airlines or GA,
whoever is using that airport. The delay costs accrue to them and
then to their passengers, In fixing the svstem, if it's a ground

system, the costs are government costs. If it's an alleviation




system it could be some combination of the airlines
turers, or for that matter if there's research, the
Now, historically, obviously, those 100's
of cost are not a cost savings to the government .

savings, if it exists
think that may answer some

yvou have other questions \gam and [ will be glad to

and we'll be around for the workshop tomorrow.

of millions of dollars

» to the airline and its passengers. Okay, I

of the points that were brought up

and manufac

government ,

It is a cost

- %3

answer them
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MR. STICKLE: Thank you, Jerry

You know, it just dawned on me why we went through all this

adverse weather to get up here for our meeting. It was easy to

precondition us so that we could talk about these air traffic delay

studies without our own preconceived biases.

What I want to do is just outline what we in NASA have been
doing in the wake vortex minimization program. In doing this 1
really have two objectives. The first is that in this session I
would like to disseminate what we think to be the NASA view of the
state of the art in wake vortex minimization. We will be describ-
ing the on-going program plans and we will be identifving what we
think is additional effort required if one was to consider imple-
menting wake vortex alleviation at the source. The second in-
volves tomorrow's workshop session, which will follow statements
made by industry, ALPA, and other user organizations. In the work-
shop we hope to be able to provide a more integrated state of art
assessment and recommend technology requirements for vortex minimi-

zation and implementation.

In today's session, I will be giving an overview of the
program including some of the background supporting the minimiza-
tion effort and then Earl Dunham from Langley will discuss the
technical programs and results. I'd like to emphasize here that
the results that Earl will be talking about are the culmination
of a lot of effort that has gone on from other centers, both Ames

and at Flight. It also involved several contractors including the

major airplane companies, consultants, and universities and many of

the people right here in the audience. So without trying to go
through all the recognition for those involved, I will simply
refer vou back to the wake vortex symposium held in Washington in

February of 1976. The contributors are listed in the proceedings.

Following Earl's talk, Joe Tymczysyzn, will give pilot com-
ments of what it's like flying in an alleviated versus an un-
alleviated vortex. [ think those comments will be particularly
pertinent to the talks and provide some credence to what we've

been doing in the minimization work. 1I've just been told that
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Russ Barber is going to have a film that will introduce Joe's talk

so he will be the first speaker. Russ Barber is from our Flight
Research Center and he's been the vortex program manager out at

that center for the last seven or eight years.

Al Gessow from NASA Headquarters will wind up this session
with a discussion of what our plans are today and what he sees as

requirements for future implementation.

The point that I want to begin with is that for about 20
vears, from 1950 to 1971, NASA has been involved in what we call
basic vortex research. The objective was to try to understand how
vortices were formed, how they moved in the real atmosphere, and
how to visualize what the vortex structure was. The analvtical
tools that we had in the early days were largely empirical data
fitted to the vortex roll up, its path through the atmosphere, its
persistance in and out of ground effect. Those analytical tools
were often applied but did very little to lead the researcher to-
ward altering the vortex structure. Some of the auxiliary efforts
that were ongoing in the early 1970's involved development of
vortex marking systems to support the Flight Research Activities.
The systems most often used were either corvis oil svstems or
chalk dust. The last couple of vears we have been working with
the Jet Propulsion Laboratory on a concept of using an ethvlene
glvcol solution added at the jet exhaust to illuminate the vortex
much like it was in the days when we had smoke in the engines.

You could see pretty well the vortex path of the old smokey air-
craft. JPL was persuing this approach on the basis that if a
solution to alleviating the vortex could not be found then mavbe
there was a way to illuminate the vortex in an operational environ-

ment that would be environmentally acceptable.

About 1972 the joint NASA/FAA program was initiated and that
was where we really started putting the emphasis on minimization
research. At that time there were a number of concepts that had
been proposed to NASA and to the FAA which offered promise of
being able to minimize the vortex or alter the vortex structure.

Some of these were supported by very limited wind tunnel tests.




Some by simple analysis and some were just waf~out ideas. Our
first task was to set up an evaluation program in which we could
systematically run through the ideas. VYour evaluation facilities
were used, three of which you'll see in a short movie that follows.
The fourth facility was the Ames 40 by 80 foot wind tunnel which

is shown in this slide. In order to compare results, all four of
the facilities used a standard model and test technique. Cenerat-
ing the vortices was a 3 percent scale 747 model (about a six foot
span). We actually create the vortex in the tunnel, let it proceed
downstream, and impact a small scale model of a wing representing
a following aircraft. The following model uses a roll balance to

measure the rolling moment upset.

Before we see the movie, there are two more points I'd like to
bring out. The first involves the effect of a vortex on helicop-
ters. About 3 years ago NASA researchers flew an UHIH helicopter
into the wake of a C-54 airplane. As far as I know, this is the
only test of vortex encounters of a helicopter in an airplane wake.
In this test the UHIH had no difficulty in operating at very close
separation distances (less than one-third of a mile) behind the
C-54. This was a very limited test and does not resolve the over-
all question of the hazards of operating helicopters in close

proximity to larger airplanes.

The second point to bring out here is that all of our tests to
date in flying behind airplanes with alleviated vortices have been
done at an altitude of roughly 5,000 to 12,000 feet above the
ground. The big test of vortex minimization comes into place when
you're landing behind an aircraft, in which case you have to con-
sider the effects that ground proximity has on the alleviation.

The emphasis of the program this year will be to develop the con-
fidence to land the following airplane behind the generating air-
craft at a reduced separation distance.

Now, can we have the movie, please? What you will be seeing

in the movie are some shots of three of the facilities that were

used in the program and some of the flight tests. This sequence
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Area. m

00199
Span. m 326
Chord. m 061

Aspect Ratio 545

L-75-2411.1
(a) Small trailing model.

Area,m? 0.0845 A

Span. m .853

Chord. m 099
Aspect Rotio 8.70

L-75-2412.1

() Large trailing model.

PHOTOGRAPH OF FOLLOWING MODELS USED IN VORTEX
ALLEVIATION TEST FACILITIES.
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shows the V/STOL tunnel, 'he vortices are illuminated by smoke
and yvyou can see the characteristic meander that vou find in the

natural envirvonment.

This next sequence 1s of one of the following models. _And
during the evaluation program we uscd two sizes of following
models, one which would represent a Learjet-size aircraft and the
other a NC-~9-sfze aircraft. This view shows the 747 model. The
following model is mounted on a vemote controlled survey rig. This
shows the vortex flow facility at Langley., This facility was
developed specitically for the vortex minimization program. We
use the same technigque of a4 pencerating and following model except
that in this case the air is standing still and the models are
moving. The test track in the vortex flow facility is 1800 ft long
and the models reach a speed of about 100 ft/sec. The following
model is separated at a distance equivalent to one mile in full

scale.

This next sequence shows the water tank at Hydronautics,
Incorporated in Laurel, Marviand. Again the tollowing model moving
as in the vortex flow facility except that the two carriages in this
case are independent so that we can look at various separation
distances very easily, In this case the following model can go
back to about 2.5 wmiles (scale distance) before the vortex system

has descended into pround cetftect.

Ihis next series shows some of the carly flight work done on
the C-54 at our Wallops Flight Center. This shows that vou could
take off in the C-54 with these 7 foot spline devices deploved.
IFhey were really drag-producing devices used to insert drag right
in the core of the vortex to enhance its decay, We flew behind
the C-54 with a single engine Cherokee airplane as shown here.

Fhe atrplane was instrumented so we could measure rolling accelera
tions and calculate the volling moment.  That shows what the

vortex svstem looks tike bebhind the C-64.,
The pilot flew up into the vortex svstem which is illuminated
in this case by chalk dust. You'll notice in the case with the

alleviation on there is very little upset.
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At Dryden Flight Research Center, NASA, the FAA, and the Air
Force have tested all the jumbo jets, (the C<5's, 747's, DE-10"s,
and 1011's). [his shows the smoke svstem used on the 747. Penetra
tions were made with a Learjet and a T-37. This sequence shows
three smoke generators on ecach wing illuminating the vortex
structure behind the airplane. There was no alleviation in this

particular case. This was just the normal landing configuration.

F'his shows what it looks like flying behind in the vortex
structure at a relatively close distance behind the airplane. This
is inside the normal separation distances but vou'll notice that

you get rather large upsets once in a while.

This is the T-37 which was also used to probeé the vortex and
you'll notice that he just went through again at a very close

separation distance.

I would like now to turn the podium over to Farl Dunham who
is going to give you the results of the program. Earl is from
Langlev. He works in our Safety and Operating Problewms Branch and

has been working in the vortex area for about secven or ecight vears,

MR. DUNHAM: Well, as Joe stated the basic purpose of my pre
sentation is to describe to you the technology of wake vortex
minimization or what we know can be done to achieve a reduction

in the rolling upset behind the aircraft.

Let me start with the first slide. Basically we can minimize
: the vortex wake by enhancing its natural decay process. There are
two principles for doing that. One is by controlling the distri
bution of vorticity along the wing, thereby controlling the 1lift
distribution or the span load altering the span load of an
aircraft. Besides controlling the distribution of vorticity,
another means is controlling the distribution of drag within the
wake. You must recognize it is soﬁu‘\\'lmt difficult to separate

these two. Any alteration in the span load is probably going to

change the drag distribution as well as the lift distribution.
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Let me describe how 1 laid out my talk, because 1 cover
several areas of research from various centers with lots of dif-
ferent people involved. Let me talk first about the turbulence
production, a little bit more about the spline device that Joe
showed in the movie. The spline device is one which basically
changes the drag distribution behind the aircraft. It places a
large slug of turbulence in a region which is effective in minimiz
ing the wake vortex. Now a way of altering the span load distri
bution we looked at is to modity the flap deflection. We thereby
control the position of the wing tip and flap vortex, the relative

strengths and the manner in which they interact downstream.

As 1 said, it's difficult to separate drag distribution f{rom
span load alteration so you have two concepts that [ would 11 to
describe to you which really combine the effects of changing
lift distribution and changing the drag distribution; one of thoen
being a concept developed by Vernon Rossow at the Ames Research
Center, which we call a vortex fin, and the other one is the u
of the spoilers on the airvcraft and that work was done by Del
Croom. Those first three subjects cover the experimental program
and then the final phase of my talk covers some of the analyvtical

work that we have done.

Now, looking again at the spline device, as you saw in the
film, it was effective in minimizing the vortex wake. The PA-28
could approach as close as a quarter of a mile behind the (-54
aitrcraft in a controlled state. Without the device it was limited
to something like 2 or 3 miles before he ran out of the roll con-
trol capability of the PA-28. Some work has been done on implement -
ing such a thing on a 747 model. As Joe pointed out the drag
penalties are cnormous. In addition, there would be a major hard-

ware modification required to implement such a concept.

Now, since we've already scen a film on this let me run
through briefly what we know about turbulence injection. The
spline device in the C-54 flight test was our first confirmation
that we could do something to the vortex wake and that we could

reduce the rolling upset. While the drag penalties associated




with the splines would probably prohibit their operational

use, there are other methods to add turbulence to a vortex sys
tem. The turbulence produced by the engines and the turbulence
produced by landing gear are two examples. The knowledge that we
gained about the turbulence effects is going to be useful in
future aircratt designs when it comes to where vou place the
engines in relationship to the main vortices that are generated
on the aircraft, and the turbulence from landing gear and other
turbulence-producing devices on the wing and their positions are

important.

Now, let me go to the other concept, which was altering the
lift distribution or span load alteration. Shown here is a 747
model in the V/STOL tunnel in its normal landing approach con
figuration, with all of the flaps deployed to about 30 degrees.
The slide to the left shows the 747 model with the outboard flap
retracted. What we're attempting to do is to control the inter
action between the wing tip vortex and the main flap vortex by
changing its position and its relative strengths. If we take a
look at the results of doing this, as shown here, the rolling
moment as measured by the tollowing model technique that Joe de
scribed, as a function of scale distance behind the 747 model, all
the data are for the same lift coefficient. Obviously, a higher
angle of attack with the outboard flap retracted is required.
Motted are the rolling upset in the standard flap configuration
as shown by the circles, versus the rolling upset when we retract
the outboard flap. We noticed that initially there is not a large
change in rolling upset. This is because we think that this con
cept basically relates to the development of the wake and its
interaction with the wing tip and flap vortex. The process that
is going on has not fully developed it's destructive nature until
further downstream, You see that there is a reduction in rolling
upset of at least 50 percent.

Now, this concept has been flight tested. Shown here is the
747, with smokers installed in a standard landing approach config

uration. A nice concentrated pair of vortices. The llap and tip
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vortex wrap-up and interact very

aircraft.

early, about a span behind the

Now, comparing that to the configuration to the left, which
is with the outboard flap retracted, you notice that the

inter-
action between the wing tip and flap vortex is considerably delayed
and this intervaction process enhances the turbulence production
between the two vortices, and the final wake that is formed is
reduced significantly in strength. The flight test results tended
to confirm the model test results in that the rolling upset at
the same lift coefficients between unalleviated and alleviated

case was reduced about 50 percent.

I'd 1ike to point out that this set of flight tests also
taught us some interesting things about controlling the inter-
action of vortices. Initially the model tests were done with
landing gear retracted. 5o we did the initial flight test with the
landing gear retracted. We found that when the landing gear was
lowered, a considerable portion of the minimization that

had been
achieved was lost. And the

reason for that, is an additional
vortex at the wing-fuselage junction. The landing gear turbulence
interferred with this vortex. This vortex had an impact on the
way the tip and flap vortices interact with one another. Addition-
ally, the minimization that was achicved could be reduced by side
slipping the aircraft. Also the aircraft was not intended to be
flown in this mode so there were considerable performance penalties
associated with it. 1 think we had restriction on the forward
C«&. Lamit,

Let me sort of summarize what we found out from the vortex
interaction work. Controlling the distribution of vorticity along
the wing is an effective method of controlling the vortex upset.
Now, the way we implemented it on an existing airvcratt is probably
going to be impractical. The knowledge is beneficial for future
aircraft designs and understanding the control or interaction pro
cess, as well as understanding the placement

vortices. When I talk about some of

we've done,

of wing tip and flap
the analytical work that

['11 demonstrate this particular point again.
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Now, let me move on to the two concepts that 1 talked about

which combine the turbulence and span load alteration., One of
them is the vortex fin, the work that was done by Vernon Rossow.
The fin is vertically positioned on the wing. The drawing shows a
rectangular fin but he's tested several types. The one that's
illustrated in the photograph is a semi-circular fin. These are
side force generating fins in the sense that they are lifting
surtaces. They produce a vortex and the effort here is to produce
a vortex which will influence the interaction phenomenon between
the tip and flap. Also the fins produce turbulence, too. So they
add to both the turbulence and the wake and to the vortex inter
action process.,

Model tests have been done of this contfiguration. 1'll show
one of the results of these model tests a little bit later on.

But basically it does reduce the rolling moment by at least 50
percent.

Now, another method, which is probably what we've found to
be the most etffective method tor reducing the vortex wake is by
selectively deploying several spoilers on the aircraft, and I've
numbered them here on a 747, one, two, three and four on the out
board end. Shown on the next vu-graph for illustration purposes
are the spoiler segments., Del Croom has done considerable work
in the V/STOL tunnel and he's done a parametric evaluation of the
various combinations of spoiler detflections and deflection angles
and the influence that they have on the downstream wake chavacter
istics.

Now, let me sort of summarize the basic results of the
spoilers with the use of this chart. Plotted on the vertical
axis 1s the induced rolling moment wheve ['ve ratioed the modified
vortex rolling moment versus the basic aiveratft configuration with
out vortex modification. And as sort of a figure of merit 1've
plotted the data as a function of the percent of drag increase.
All this data was obtained for a 747 model; all at the same lift
coefficient. The circles represent vavious combinations of flight

spoilers. ['ve just picked off a few of them here for interest.
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If we deploy all of the flight

spoilers to their maximum deflec-

tion angle of 45 degrees, we get a significant reduction in rolling

moment but it costs us a tremendous drag penalty.

Consequently,
if we deflect only one of the spoilers, No. 3, at a very low de-
flection angle of 15 degrees, we don't achieve much rolling moment
reduction or increased drag.

Now, obviously, what one would like to have in terms of the

; golden egg would be to make the induced rolling moment zero, at

1 zero drag increase. Also, I've shown on here the spline device,

E it's drag increase and it's rolling moment for the 747 model, and :
§ the Rossow vortex fin as shown here. Two other spoiler configura-
%i tions which 1 think are worth noting are spoiler configurations 1

and 2 at 30 degrees, and spoiler configurations 2, 3 and 4 at 15
degrees. Spoiler configurations 1 and 2 at 30 degrees were flight

-

tested and I'm certain that Joe is going to talk a lot about that

particular case and the flight test results. The

spoilers at 15 degrees

2. 5 End 4
is a configuration that was recently in-
vestigated by Del and we hope to flight test it in February. You
notice that it comes very close to driving us towards the optimum \
point.

[ did mention that the spoiler configuration has been flight

tested, 1 and 2 at the 30 degrees deflection, and has shown signifi-
cant rolling moment reductions. As Stickle mentioned we have vet
to land behind an aircraft with an alleviated wake however the
spoiler configurations that we're looking at now - 2, 3 and 4 at
15 degrees - do show some promise.

Now, the majority of the spoiler work has been done on the
747 model. Del has done some additional
PDC-10 and L-1011.

facturers

model test work with a

These were cooperative efforts with the manu-
in helping us by providing the models, and Del has
found that there are spoiler combinations on the DC-10 and L-1011
which will reduce their vortex wakes.

Additionally, some preliminary flight test work was done on

the L-1011 to confirm the model test results.
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I'd 1ike to summarize the combination effects, that is, alter-
ing the span load distribution, and enhancing the drag within the
wake. Our understanding of exactly which mechanism is predominant
in the spoiler case is not very good. We know it enhances the drag
and turbulence and we know it changes the load distribution. The
vortex fin is going to require considerable modification to imple-
ment on an aircraft. However, the device may have use as a side
force generator. Additionally, there's some work going on right
now at Iowa State to enhance the effect of the fin while maximizing
its penalties. We have established that there are certain spoiler
combinations that were effective in reducing the vortex wake. nNow,
the spoiler performance penalties are not inconsequential, but they
may be acceptable. Additionally, it's worth noting that that type
of device causes a drag increase that can be easily recovered.

You know, slam the spoilers down and you've got all vour ClL-Max
capability back and you have reduced the drag and you're in a
better state. We have shown that the spoiler concept is applica-
ble to existing aircraft and gencrally takes minor hardware changes.
In some cases you have to change the hydraulics a little bit, or
maybe the electrical system. The information that's been generated
indicates the positioning and design of spoiler systems on future
aircraft should probably consider their use for vortex minimiza-
tion. We also believe that presently the use of the spoilers is a
most promising concept for existing aircraft. We had a manu-
facturer take a preliminary look at the feasibility of employing
spline devices or a drag device, span load configuration and the
spoilers on a 747 aircraft. The spoilers tended to have the most

promising results.

To sort of finish off and describe what we are doing in our
experimental program, I would restate that our understanding of
the relative importance of drag distribution and vorticity distri-
bution along the wake, especially with regard to the spoilers is
not very good. We have a specialized model that we're employing
in tests right now, from which we can alter the twist along the
wing, thereby changing the load distribution, and go downstream

and measure rolling moments in the wake and use hot wire
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anemometers to measure the wake itself. We can put spoilers on
the wing, and try and obtain a better understanding of the basic
effects of span load distribution and drag distribution.
Additionally, this particular model is going to provide some
useful data for verifying analytical techniques. As Joe mentioned
earlier, the initial analytical work involved inviscid studies of
the wrap-up of the vortex wake into a vortex pair and the basic

movement of the vortex through the atmosphere.

Now, we know that turbulence plays an important part and the
viscous decay of the wake is important to understand. Under a
contract with Aeronautical Research Associates of Princeton, a
computer code has been generated that is a viscous modeling of the
vortex wake. | just want to show you some of the results of that
computer code without describing it in any particular detail. What
['ve plotted here is the induced rolling moment on a following
aircraft as a function of the spacing between the flap vortex and
the wing tip vortex. And I've done it for the ratio of vortex
strengths of tip vortex to flap vortex at a value of two, and of
equal strength. And you see that by varying the position of the
flap vortex, all this done at the same 1ift coefficient, you change
the rolling moment considerably. Now, these results do not exactly
correspond to real world conditions, but this particular point is
comparable to the landing approach configuration of the 747 with a
flap vortex almost twice as strong as the wing tip vortex and you
get a large rolling moment and the other case here corresponds to
removing or retracting the outboard flap and positioning a vortex
here and here both of nearly equal strength. The computer code
predicts a large change in rolling moment. The computer code being
a viscous modeling is also capable of handling the interaction of
the vortex with atmospheric phenomena, turbulence in the atmosphere,
wind shear in the atmosphere and the influence of the ground plane
on the vortex itself. Shown here is one vortex, for various non-
dimensional time steps of a vortex descending down and moving
across the ground and interacting in a viscous manner with the

boundary laver. It was found that in this case there is some




change in the flight and the movement path of the vortex, and

also the decay of the vortex is considerably enchanced.

What I've basically shown on the left is the vertical position
of the center of the vortex as a function of the lateral position
in terms of semi-span. The solid curve represents the centroid of
this vortex as it marches through time. The dotted line shows the
predicted path for an inviscid model and the influence of the
ground plane is to change the position considerably. The scaling
factor for a 747 between this non-dimensional time and the real
world time is about a factor of 10, since 40 represents 400

seconds.

Let me summarize now our analytical efforts. Preliminary
results indicate that the computer code that we have, although
not fully verified,is useful for predicting the vortex wake
character. This code is available for use now by the manufacturers.
One company does have it and 1s making some calculations using this

code. I failed to point out one of the limitations of the code.

The code starts at the trailing edge of the wing and given a set
of initial conditions of the flow field at the trailing edge it

develops the downstream character of the wake. Somehow we have to

have that initial condition. It can be estimated or measured in
some of our model tests. The code only works one way. It can

only take the conditions at the trailing edge and tell you what the
wake character is downstream, given a wake character downstream

you really can't go upstream with it and determine what type of
wing load distribution and drag distribution that is required to

give you that wake.

Now, the requirement for a detailed trailing edge condition
is under investigation with the variable twist wing that we have.
It may be sufficient to use existing lifting surface paneling
techniques to predict the trailing edge conditions and make some
empirical estimate of the turbulence or it may be required to have
a very detailed description of the trailing edge conditions behind
an aircraft in order for the code to provide useful results. That

question hasn't been answered vyet.




Let me summarize my presentation, Significant wake vortex
alleviation has been demonstrated. We did it with the spoiler
work and with other tlight test work., We think we made some
advances toward a solution that's applicable to the current air
craft fleet. I'm talking about the spoiler work. _We think we e
have_analyt beat tauis that” are available tor the designer in

atding him to evaluate what vortex wake ts behind any configuration.

ME. STICKLE: Okav. Before we go into the other session which
will carry the pilot comments and everything, @re there any ques

tions that vou want to bring up now?
FE not, we'll get into the Llnteresting part.

Joe? Joe's going to tell you what it's like to be back

there., I1*11 let you introduce Russ.

MR. TYMCZYSZYN: ['ve asked Russ Barber, a fellow ['ve worked
with for a good many yeuars to introduce this session and | have an
ulterior motive there. Anvthing that he introduces lends credibil
ity to what 1| have to say about it. So, Russ, | wonder if you

will start the program off.

MR. BARBER: Having worked at the Dryvden Flight Researcly
Center for several years now, in fact, my entire career, I l‘-/I"(‘

quently get asked to help the pilots with their comment sessions.

We're going to talk about those systems that have been veri
Eiegd 1n Flaght. Fhey'te Listed thereq conventional flaps, splines,
the 30-1 flap configuration. We're going to talk a little bit
about a 5-30 flap configuration tl)a(t actually augmented the wake.
And finally, the spoilers that we have flown on both the 747 and

1011

| 've got a short sequence of film here which will illustrate
ittenuation, | think, rather graphically. We'll show vou that

then Joe can talk about the pilots' impressions.
I have the film, please?

rst sequence of film here will illustrate the effect of

the wake of a basic airplane. This is a

flaps up. Note the wake on the right wing here.
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FLIGHT VERIFIED ATTENUATION METHODS

o  CONVENTIONAL FLAPS (ALL AIRPLANES)

o  SPLINES (C-54)

o  30-1 FLAPS (747)

o  5-30 FLAPS - AUGMENTATION - (747)
o  SPOILERS (747 AND L-1011)




He ran out of smoke on the left wing. Pay no attention to that.

Here he is extending the flaps, and what you'll see as the flaps
come down 1s that this wake changes from relatively small type of
cord wake to a much more diffuse flow pattern. The flaps are
coming down now, vou can sc¢e the wake bending down. It's obviously
fortuitous that flaps in themselves have this effect on the wake

in that if we didn't have this amount of attenuation we would
probably be living with separation distances of 8, 10, 12 miles,
Brvause the c¢lean wakes are much more uniform and much more up
setting to a trailing aircraft. You see an obvious difference

there from when the sequence first started.

Joe had mentioned the splines. I've got a sequence of film
here that shows the wake of the basic C-54, that is, with no
splines. Youw see the real tight eore. 111 mention here that
the splines were mounted on the wing tip of the C-54. That was
done for simplicity of the test program. Any of the work that
we've done we've realized that the dominant vortices off of the
heavy transports are shed at the outboard edge of the outboard
flap and therefore, to be practical, the splines would have to be
mounted there in any kind of an application. But you'll notice
the difference in the wake here as compared to the previous

sequence. Again, a much more diffuse flow pattern.

Joe Stickle and 1 didn't get completely coordinated and this
is the same sequence of film that he illustrated where of the
PA-28 would be upset at about 4.5 miles, with the basic airplane

whereas it was able to fly under 3/10ths alleviated.

That was the basic 747 in the 30-30 flap configuration. The
wrapped up vortex svstem is here and 1'1l show this for a period
of time to give you some feel for the persistence of it. In the
next sequence of film will be a flyover in the 30-1 flap configura
tion. And in that configuration you can actually see the inter
action of the wing tip inboard flap vortices that Earl talked
about previously and the decay. The photographer pans back down
stream here and you can see that this wake is still persistent in

the distance.
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Okay. Here's the 30-1 flap configuration. Totally different
flow pattern in the near field and as the airplane goes overhead
I'1l try to point out the interaction to you. You can see the tip

vortex is off by itself, it rolls up and over the vortex shed by

the flap. And then as they merge, a destruction starting to occur
between the two syvstems. What this did is actually destroy the

vortex at a much closer distance to the generating airplance.

Okay. This again is the 747 in its basic landing configura-
tion, 30-30 flaps, gear down. We had an improved smoker svstem on
there so vou see much more of the total flow pattern behind the
airplane. But vou sce the dominant trail vortices, the combination
of the wing tip and the outboard flap, remaining about the same in
the rest of the flow. Actually they bound this total flow condi
tion. These were tests that were done at Rosamond Dry lLake. TSC
had their laser van out there and we actually made flow field
velocity mecasurements.

Note that the airplane has turned out of the field of view
and we still have a vortex prevalent as compared to the configura-
tion with the two outboard spoilers extended. This is the same
day, just a few minutes after the previous one. And you never sece
the wrap-up of the type vortices that you saw in the previous
configuration.

The point of all this is visual evidence that we are signifi

cantly altering the wake both in the near field and the far field.

e hasn't even begun his turn yvet, or just begun it, and the

visibility at least is all gone,

To illustrate what this looks like at say a S-mile distance,
this is the DC-10 wake in some very early flight tests in a clean

configuration. And vou could see there how small the core was,

how tight, as contrasted to the landing configuration at § miles.
We still have upsetting energy there but the character of the corve
is much different.

['11 give it back to Joe.

MR. TYMCZYSZYN: Thank you very much, Russ.

e s




CHARACTERISTICS OF 30-1 FLAPS

BASIC 747 (LANDING CONFIGURATION)
WAKE PERSISTS TO 6-7 MILES

UNCONTROLLABLE EXCURSIONS AT 4.5 MILES
OR LESS (9> 180 )

30-1 FLAPS

WAKE NOT DETECTABLE BEYOND 4 MILES
(GEAR UP)

T-37 CONTROLLABLE TO 1.8 MILES
(’(30 ) CL 747 = 1.2

CL 747 = 1.4 HAKE AT 2,5 MILES APPROXIMATES
BASIC AIRPLANE AT S MILES

LANDING GEAR NISAPPOINTINSLY REDUCED
ATTENUATION




Everything you've seen up to now has given yvyou the history
of wake turbulence attenuation or alleviation. My comments this
afternoon on our certification, operational and environmental

problems will be only related to the latest configuration.

For the purpose of continuity, I would like to pick it up at

the splines,; just very, very briefly. This work was flown by Bob

Champine at Langley and 1 think Parl and Russ have already said
that it was a problem in controllability for the little Cherokee
at 2.5 miles behind the C-54 in a normal configuration and the)
had a controllable airplane down to 3/10ths of a mile with the

splines installed.

One reason for thinking about this is that even though we'

i i
so excited about attenuation with spoilers, we want you to keep §
thinking about the fact that when the time comes that its cost

benefit studies show that vou must also work on an attenuation for
take off and departure, a technique such as this may not be en i

tirely out of the question.

Now; we're going to talk about the 30-1 flaps. We've seen
pictures of that before and it was our very, very first successful
attempt at sceing sizable attenuation with a relatively simple air
plane change although it would not be a very practical airplane
configuration. First of all, ] want to summarize it by saying that
in a normal configuration the wake persists 6 to 7 miles and that
for any separation distances over 4.5 miles vou have absolutely
uncontrollable excursions; therein lies the 6-mile separation of

today.

When we went to the 30-1 flap configuration, which really just
changed the span lift distribution, we could not find a wake bevond
4 miles. And we might mention that there were litervally dozens and
dozens and dozens of penetrations both parallel and cross-track
looking for it. We worked our way into 1.8 miles in this con
figuration, at & Coefficient of Lift (G of 1.2, which is
approximately 15 knots above normal landing approach speed, and

we had an absolutely controllable airplane at 1.8 miles. Now,

at 1.4; which is akin to the 1.3 times the stall speed oxr the




CHARACTERISTICS OF SPLINES

BASIC C-54 (FLAPS UP)
WAKE PERSISTS TO 5 MILES

PA-28 - UNCONTROLLABLE ROLL
UPSETS AT 2.5 MILES DR LESS

C-54 WITH SPLINES

WAKE PERSISTS TO 4 MILES

PA-28 CONTROLLABLE TO .3 MILES
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reference speed which in the case of the 747 is 142, 144 knots at
gross weight. We had the same characteristic controllability at
2.5 miles compared to the basic airplane at 5 miles. There goes
your one-half distance that Jerry was talking about. After a lot
of flying, I've come to the conclusion that we can achieve half

that distance.

Now, because the wind tunnel model did not have a landing
gear on it we did all of our work with the gear up, then we put
the gear down. We found that we lost part of the attenuation, not
all of it. That was obviously a disappointment. But to be practi-
cal about it, it wasn't necessarily the most promising practical
configuration for the B-747 anyway. This is a plot of the rolling
moment coefficient imposed on a T-37 with the pilot effort removed
and you see that at distances beyond 4.5 miles you still have some
pretty big control problems. This shows that we found nothing
beyond 4 miles for the alleviated configuration and yet quite a
bit of scattering. There are two ways to measure this, one is
qualitative the other is quantitative, which is the best. The
second is with rolling moment coefficents, which are required
in order to maintain continuity and correlation with wind tunnel
tests., We also use roll acceleration and roll control power of the
airplane, and also bank angles. But in this particular case, we
have one dominant difference, the aerodynamicists might look at
this and say you've got a problem here at 2.5 to 3 miles. You
really haven't solved anything. But look at it from the pilot
side. At 4.5 miles, behind a B-747 or a L-1011 for that matter,you
enter the wake and before you know what hit you you're out of it,
you've been flipped, 180 degree roll or more. You're out of it.
You really don't have time to respond. In these cases, many of
these exposures are 8-, 10-, 12-, 15-second wrestling matches.
It's beautiful. You get in there and you just have more darn
fun. It's just like an arm wrestling match. You are using the

T-37 or the Learjet as a torque wrench to stay in there. So the

time difference of exposure is not reflected in a rolling moment
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coefficient comparison. But to summarize it very quickly, we

say we're getting about the same level of controllability at half

the distance, and I think that's significant.

The 5-30 flaps -- I am very proud of this because it is an
absolutely useless configuration and Boeing has quite a bit of dif-
ficulty proving something as dumb as that. But if there is anvone
in 1978 that doesn't believe that you can make small changes to an
airplane to achieve attenuation , this is the test that will
absolutely prove it. If in fact you can get vortex attenuation or
alleviation by changing span load distribution one wayv, why not try
it at 180 degrees apart and see if you can get augmentation. We
indeed did. As we entered the wake behind the right wing of the
747 at 4 miles, it was small and tight and I think we might say
here from a pilot's viewpoint, we have beautiful correlation between
what that wake looks like and what is going to happen to vyou. ;
Almost direct correlation. At 4 miles we got such a loud jolt
that we decided to make a 360 degree turn and pick the vortex up
at 6 miles. At 6 miles we did a double inverted snap roll, the
right engine flamed out and we had the most violent maneuver from

there, and loss of the right engine.

This is a picture of the two sets of vortices from
the ground. The airplane is flying 1,000 feet above us. This is
a 5-30 configuration and this is the augmented conftiguration.
Again, | ask, who needs augmentation. But there is pretty good
visual proof that vou have a problem and the spectral density or
the optical density, as 1 say, does seem to correlate with what's
going to happen to you. Compare that with the normal 30-30 flap
configuration, or normal landing configuration, and vou can say that
if youcan alleviate or attenuate vou can also augment if anvone
has any use for such a uscless piece of physics.

Okay. Next set of view graphs, please. This is 20 seconds
downstream. All you have to do is fly in that, underneath, the g

one on the left, the augmented vortex would really clobber vou.

The one on the right is the normal one.

2-33 {




CHARACTERISTICS OF B-747 5-30 FLAPS

VORTEX AUGMENTED
SMALLER CORE THAN BASIC AIRPLANE

T-37 PROBE AT 6 MILES-DOUBLE INVERTED
SNAP ROLL, ENGINE FLAME OUT

WHO NEEDS VORTEX AUGMENTATION 772

(5]
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Next set of view graphs. This maneuver has intrigued me since

we‘ve done it. This is a double inverted snap roll at 6 miles be
hind the augmented configuration and sometime when anvone has a lot
of time and can help me analyze it, 1'd really appreciate it.
First of all, as we enter the vortex it was over in a matter of
seconds, we had a tremendous lateral acceleration and that sure
makes your co-pilot very uncomfortable. But it's a tremendous
side acceleration and then you'll notice a negative acceleration
while the angle of attack is building to 30 degrees. So pretty
soon you say: Holy smokes, what's going on. And keep remembering
that the impact on the probe or victim airplane is not just roll.
It's also angle of attack and also violent yaw. Think about this.
Negative acceleration, positive angle of attack. It's quite a
drastic maneuver and it's something that I think proved beyond a
shadow of a doubt that we can produce augmentation. One charac-
teristic of this particular maneuver is that we far exceeded the

capability of our data acquisition system to pick up roll rate.

The next set of slides. I was just beginning to have fun
when the fellows in the control center called it off. They said
we exceeded the structural limits of the airplane or some such
dribble, but we do want to say that on all of the flying that has
been done even in those cases where we have exceeded structural
limits, we have not hurt an airplane, and that might be of great
interest to some of the structural people and it may be because

of the very, very sharp impact and short time duration.

Now, here's our favorite subject and the one which will form
the basis of what we honestly believe is a very easy modification
to the existing fleet of jet transport airplanes, not just the
heavies. The latest configuration which we have tested is the two
outboard spoilers on both sides, 1, 2, 11 and 12 as you've just
seen, and the characteristics are that vou have a more diffused

& wake. The wake persists at approximately 4.5 miles. The T-37 has
been controllable to 1.7 miles. Bank angles there for very long

exposures did not exceed 45 degrees bank. Again, | want to stress

that. Where we stay in here, we're deliberately doing that and




AD=AQD7T 897 TRANSPORTATION SYSTEMS CENTER CAMBRIDGE MA F/6 172 ‘
FAA/NASA PROCEEDINGS WORKSHOP ON WAKE VORTEX ALLEVIATION AND AV==ETC(U)
OCT 79 W D wWOOD

UNCLASSIFIED TSC=FAA=79=77 FAA=-RD=79-105

NL

.

A




& cons i

Y

LATERAL
ACCELERATION
(2]

NORMAL
ACCELERATION
()]

ANGLE

ATTACK
[ {8

1004

]

-10.00 -

TIME HISTORY OF A T-378 ENCOUNTER OF A B-747 WAKE. (8-747 S/30 Flap Cen‘iguration).

2-38

10 an
TIME. SECONDS

180

P

e el i i il e i

._,.,_
IR

)




K
E RIGNT o099
foLL
ANGLE -
"
LEFT —sase -
RIGNT Y0000
3
noLL
RATE 0 1
DEQ/BEC
LEFT -10000 -
3 RIGHT asase -
k; ROLL
ACCELERATION 000 1
DEQ/EC
1
LEFT —esne -
RIGNT 1009
AILERON
POSITION 080 4
[[{ 8§
LEFT -1 T
e 15 200 100 e 500 Y™ 100

TIME. SECONDS

TIME HISTORY OF A T-378 ENCOUNTER OF A B-747 WAKE. (8-747 /38 Fiap Configuration).




“IW "N ‘JONVISIQ NOILVYYd3S

L 9 G v ¢ Z 1 0
[ [ | [ [ [ |
ALIT19YdYD NO¥ITIV
WNW IXYW 2¢-1
e {0
a
nm =) 8| 14VY0d1V gL¢-1
@] (@] 0 —0or A
0 u)
5 1 No 1o
0 00 &0 a
ey
o
)

[y 031031430 ¢ ANV T S¥3110dS
SNid NOILYINI 1INOD ONIANYT TYNOILINIANOD O
NOITLVYNIO14NOD INIANVT TVNOIINIANOD O

1V IINILOd 13SdN XILYOA INVYM Lyl

2-40




wrestling with the vortex and that should not be compared with

the brief exposures in the unattenuated vortex.

We also tested the DC-7 at 3 miles and we have the conclusion
{and a very brief test in the time allotted us using the FAA DC-9)
that the chavactevistics in the attenuated contiguration were about

the same at 3 miles compared to unattenuated at § miles.,

The 1011, the very first one of the very first flights
we had, we used spoilers 3, 4 and 5 at a rather large deflection,
rather large noise level and drag, but it showed that we also had
a more diftfused wake. The wake persisted to 4 miles and we could
also work our way into 1.7 or 1.8 miles again and maintain bank
angles of 45 degrees or less for very long exposures. Again the
tests ave called oft because the airplane is instrumented and some
body said you're exceeding structural limits and vou have to call

it oft at that point.

Now, the loads on a probe airplane ave signiticantly rveduced

in the attenuated contiguration and mavbe we've been Kidding our-
selves in talking about such parameters such as rolling moment
coefficient bank angles and also roll acceleration compared to the
roll control power of the airplane. Again you see that in the 1,2,

11 and 12 deflected to 41 degrees we have an airplane that is

e TR Ty e 1

relatively controllable to about § miles. You can't tfind very much
bevond 5 miles whereas in a normal contfiguration vou're really wav
up there.

We are looking for correlation between tlight test and wind
tunnel work. This line crudely drawn in on the data vou have seen

before, was the wind tunnel predicted increment of attenuation

R e e e e e

measured by its reduced rolling moment on the airplane. This is

D

what Del Croom predicted. We applied that to the basic airplane
and you see that we're getting that kind of level of attenuation.
So we fteel that the work being done in wind tunnels and water taunks

is paralleling and correlating very closely with flight test

work.
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CHARACTERISTICS OF SPOILERS

B-747 (SPOILERS 1, 2, 11 & 12)

MORE DIFFUSED WAKE
WAKE PERSISTS TO 4.5 MILES

T-37 CONTROLLABLE T0 1.7 MILES
(@ <45 - VERY LONG EXPOSURE)

DC-G UPSETS AT 3 MILES SIMILAR
: TO UNALLEVIATED AT S MILES

L-1011 (SPOILERS 3, 4, & 5)

MORE DIFFUSED WAKE

WAKE PERSISTS TO 4 MILES

T-37 CONTROLLABLE T0 1.8 MILE
(§ < U5 - VERY LONG EXPOSURE)

LOADS ON PROBE AIRCRAFT SIGNIFICANTLY
REDUCED

| g BT AP v i S i 2 R

e e —




"IW "N “IONVIS 10 NOILYHVd3S

LiVA2¥IV 8L6-1

A
NO 19

L 9 S 12 1 2 | 0
| | | i e | |
ALIN18VYdYI NO¥TTIY
WIWIXW L£-1
=3 -«
a
(@) (@]
O
o © 5
(o} o o o (o]
—~ st
(o) y WU
CERE
Soda fs
- 8.

-1¥ Q31331430 2 ANV 1 S¥31104S
SN1d NOILV¥NI1INOD ONIGNYT TYNOIINIANOD D
NOILYY¥NIIINOI INIONVT TYNOIINIANOD O

TVIIN3L0d 13SdN XILYOA INVM LpL




e —

&

That's the 1011. Again we've talking about the normal con

figuration and you see the similavity with previous data. Out

here, for example, at 4.5 miles behind a 1011 in a 3-degree descent,

you just enter the vortex and you get a role of 540 degrees. \pain,

a one and a half snap roll. You work vour way in the attenuated

contfiguration all the way to 1.8 miles and there is absolutely no

question in your mind that you have achieved a degree of control

tability that vou could not have before.

Now, this is our hope for the very near future. I would have

given anvthing in the world to have flown this configuration for
this conference. But as vou Kknow, the space shuttle 747 is no

longer available to us and we are working with Boeing to use their

No. 1 747 to continue this type of work. The squares dare the

spoiler segments deflected as in our early test 1, 2, 11 and 12.

~ .

These are 2 and 4. These are 2, 3 and 4. F'his is Del Croom's

latest contiguration and lo and behold, whereas in flight we were

required to have something like 38 to 41 degrees of deflection on

these, up in this avea, he has found a configuration that will give

us less attentuation well within the roll of control power of the
[-37 with three spoiler segments gt 15 degrees. Now, we'll talk a
little move about that this afternocon. But that means if we see
that kind of increased attenunation and flight test, we've got it
made. This Kind of deflection is not too different from the

some -

Lockheed 1011 DCL. In terms of noise, we're talking about

thing iike 9/10ths of a dB compared to 2 or 3 dB up here. In

terms of cost we will again discuss that this afternocon. This

18

about §2 an approach more for 2.5 minute 1ILS than the attenuated
airplane, so I think we'll have some valuable data for yvou, at
least the very best estimate we could get from the manufacturers

on noise levels and on economics on this particular configuration.
Anyway, it represents a white hope, and we only hope that Del
doesn't get too tired betore he applies the same magic to the
DC-10 and 1011.

This is a statement of work that is now being worked with
Boeing to use their No. 1 747 to continue the work that was being
done with the space shuttle-carrying airplane. They consist of

2-45
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l1.0.

2.0.

3.0.
3.1.

STATEMENT OF WORK
FOR
BOEING 747 AIRCRAFT FLIGHT TIME
POR WAKE VORTEX FLIGHT RESEARCH

October 1978
PR 77-623 PR 78-446

General

The NASA Drvden Flight Research Center (DFRC) has
a requirement to measure the wake vortex characteris-
tics of a Boeing 747 aircraft flying with non-standard
configurations of spoiler deflections. The requirement
for these measurements results from recent wind-tunnel
tests conducted at the NASA Langley Research Center
(LaRC). The wind-tunnel tests have defined two spoiler
configurations for the 747 aircraft that provide sig-
nificantly more wake vortex attenuation than has been
observed in previous tests (Reference 7.1.0).

Objectives

FPigure 1 illustrates the rolling moment coefficients

induced on a trailing model for the configurations of
interest. It should be noted that spoiler segments 1
and 2 deflected to 41 degrees is the best configuration
that has been flight tested. If the new configurations
are as good as these data predict, then the attainment
of a workable attenuation scheme is close at hand.
Therefore, it is desirable to obtain in-flight measure-
ments of the roll upsets induced by these configura-
tions. Purther, if the in-flight measurements yield
results as positive as these data reflect it would be
desirable to attempt actual landings at reduced separa-
tion distances.

soeps

The effort required by this Statement of Work is
separated into two phases as follows:

1. Flight verification of the two new configurations
defined in Figure 1.

2. Actual landings of a trailing aircraft at reduced

separation distances (target 3 n. miles) behind
the best of the configurations tested.
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two parts, the first will be a flight verification of the two new

| configurations we find in Figure 1 in the previous slide, If we

get the attenuation that we expect, that means we're really going

to have something to work with Jdown to

a landing. \nd the second
; part of it will be the actual landing of a

g trajling aircraft at
reduced separation distances. We're targeting for 3 miles as it

says here, but our real target is one-half the distance shown pre

viously, behind the best of the configurations tested. Now, if we

are not exactly happy here we're going to have to resort to a re

motely piloted vehicle, an F-86, to do some of the initial landings

in order to dispel the argument of what is the relarive strength
of the vortex in ground effect compared to free air and so on.

‘ery briefly 11s shows a time schedule for when we hope to
Very briefly, thi how t hedule for when we hoj t

achieve this. This is a time period for No. 1 747 where they're

going to install the active control system. We have to work in

here, hopefully, within January, just six or eight weeks from now,

we hope to get a crack at the very first 2, 3 and 15 degrees and

then hopefully follow through with actual landings behind that

airplane.

Fhat’s it.

PRI TR 2 Y

Now are there any questions immediately following that. I
think time is running short and we had better save questions for

afterwards and return it to Joe.

ey

MR. STICKLE: l'hank you, Joe.

B b P

I told you that this would be the interesting part. We still

have Al Gessow to talk about the future plans in the program and

what our requirements are. Al is the Chief of the Aerodynamics

and Physics Branch in our Office of Aeronautics and Space Tech-

nology. So; Al, I'll turn it over to you.

MR, GESSOW: 1'l1l try not to keep you too long from your
hour.

lunch

You've seen a couple of examples where perhaps there's been
a slight overlap in material that we NASA authors have presented.

I therefore listened very carefully to what Jim

Kramer had to say
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|
this morning, perhaps a little bit more so than most of vyou,
because, if his views of NASA's role in the wake vortex picture
differed in any substatial way from what | was prepared to say,
then | had a problem on my hands. Fortunately for me and for m
perception of our role in the wake vortex picture, Jim and | are
in substantial agreement. That means my remarks on NASA's future

role really underscores what vou've heard earlier this morning.

Our future plans could be stated very simply. As of now, we
have no plans for a large scale follow-on program of the magnitude
which produced the results that you've heard this morning from
Stickle, Dunham, Tymczyszyn and Barber. We do intend, however,
to carry on a low-keyed R§D effort which would further our under
standing and our ability to predict the characteristics and mutual
interterence behavior of multivortex wake systems. This low-keved
R&D ettort would be centered about our computational ettfort, which
vou have heard about, and would involve also some small and moder
ate wind tunnel studies. This information would be applicable to
the design of future aircraft systems in which wake vortex al

leviation is a consideration.

Now that ['ve given you the bottom line statement of our
plans, ['d like to go back a bit and review some of the reasons
why we don't have a more comprehensive long-range plan, and in the
process repeat a little bit of what Stickle said. You will recall
that he said that in the summer of [972 we were asked by the FAA to
make an assessemnt as to whether wake vortex alleviation by acro
dynamic means was feasible. QOur assessment of the situation would
be a consideration in the decision the FAAN would have to sub
sequent ly make as to the necessity for developing and installing

wake avoidance systems at major airports.

As you know, we reported in January of 1974 that we were
guardedly optimistic that aerodynamic solutions were feasible.
At that time, thervefore, we had essentially completed what we had
set out to Jdo and we were duly thanked for our efforts by the FAA,
By then, however, we were convinced that we were hot on the trail

of some definitive results, parvticularly with regard to a retrofit

e
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Now, whether or not there will bhe a Phase 11 program depends
upon decisions which the FAA has to make, based on their views of
the overall problem. I think that this workshop could be a great
help in this regard, particularly if a key phrase could be added
to Conference Objective No, 4, (I believe we had four Conference
Objectives given in the program that we received). Objective 4,
as it's given in the agenda, is to "gain advice from the using
community as to the emphasis and priovity of the program and to
solicit further ideas tor solving the wake vortex problems.," |

would like ta add the phrase "“and for implementing the solu
tions." In other words, ! just don't think that it's too early to
think about what must be done to implement some of the solutions

that appear to be [easible at this time.

I'd like to close these remarks by stating that we in NASA are
prepared to cooperate with and help the FAA and the industry in

carrying out programs for which we have special facilities or

expertise. In such cases, however, because of the demands for our
in-house manpower {rom a variety of other sources and Jim
emphasized that this morning we would have to be convinced that

the request to help is something that is neceded and recasonable for
us to do., I am not prepared to talk in detail about what we think
should be follow-on for the implementation, but I might mention as
an example that we could help determine criteria for acceptable up
sets and what design changes arve needed to meet these criteria.
Also, some of the work that we've done in providing a data base
for establishing acceptable upset criteria in normal opevations
during turbulent air might be useful in this regard. Or, further
down the road we could provide flight test support for determining

certification procedures of vortex allevation devices.

So I't1 conclude by sayving that 1 hope that this workshop will
provide a forum for a veview of what has been done on the wake
vortex turbulence problem but will help focus on a rational specific
program by which some of the current proposcd solutions can be
tested and i{ successtful, can be implemented to provide decreased

separation distances,

Thank vou.
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MR, STICKLE: 'I see that our time is just about up, in fact,
it's exceeded tor our lunch., What 1 would like vou to do since
we've got half a day tomorrow to work this out, is to save your
questions until tomorrow, unless vou've got an urgent question
and you may not be here tomorrow., Be sure however to bring them

and be prepared to discuss these at the workshop session.
Jerry?

MR. CHAVKIN: Jervry Chavkin, FAA. 1 have one question that
has been lett very unclear in my mind and I think evervbody needs

the answer to it.

Joe Stickle,; you saw a schedule up there and there was a 747
flight in 1979 vou intimated that this was going to be done.
Are the resources available for that program and will it be done,
ov is that something we're just talking about? I'm not sure any of
us understood whether that program which you had the schedule up
there for is going to be done or not done. What does NASA say
about that particular year-long work between now and the end of

this fiscal year '79.

MR. STICKLE: Jerry, 1'11 answer that because we do have the
money to do that program the way that Joe outlined it. We are
funded to do that, we have the plans to do it, and 1| have all the
confidence that we and Boeing can get together on a price to allow

us to do it within the funds that we have.
MR. CHAVKIN: That's this fiscal year?

MR. STICKLE: Yes. That's this fiscal year's money. And what
Al is talking about is after this tiscal year we drop back in the

funding to a very low R{D effort.,

MR. ACHITOFF: 1 don't plan to be here tomorrow and 1 suspect
that there are probably some others who won't be here cither, 1
find that the comments that Mr. Gessow made ave rveally vathev
alarming and | would hate to leave without hearing some kind ot
a response from the FAA or anyone else, who might be involved in
these programs, to the points that were raised by him, 1 think this

group ought to hear from the FAA and others as to why this situation
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of "benign neglect" is being permitted to continue if in fact there
is agreement from the FAA and others that the statements made by
Mr, Gessow are in fact accurate in their view. So 1 would suggest
I would hope, that by the time we come back {rom lunch, someone
ought to be able to or should make a statement or comment on the

comments of Mr, Gessow,
I'hank vou.

MR. STICKLE: Il'hank vou. I won't try to answer that for the
FAA right now. 1'11 just ask Bob. Do vou want to comment on that

atter lunch?
MR. WEDAN: Ater lunch.

MR, STICKLE: Okay. 1 see there's probably some other people

who are going to leave and won't be here tomorrvow.

MR PORITZKY: Yes. ['m Sig Poritzky. T think the peint,
if 1 understood it correctly, the point that Al made was 1 hope,
at least, misunderstood. FAA has very regularly at various levels
made NASA aware of the importance we attach to the wake vortex
alleviation problem. Most recently at the past two NASA/FAA
management coordinating committee meetings so that | think there
is very little question about where FAA stands on the need for
the continuation of this work. | think the question that is per
haps important to this workshop is whether the community, all of
us, can identify additional work that needs to be done. [ think
it's most particulavly important because the need for alleviation
and the value of alleviation is obvious. I think it is made morve
obvious from the brietfing we heard this morning, which underlines
over and over again that the process of detection and avoidance can
always take you only part way. Now, there was no major discussion
this morning about the safety impact and route operational impact
of wake vortices which is also an impact, also only reducible by
alleviation techniques. So that at least in my mind, and 1| think
in the minds of all the FAA people who are here, there is just no
question that wake vortex alleviation is a subject that must be

attacked. The question, 1 think, and the important once,is whether




we can identify collectively additional efforts and perhaps equally
important whether the work that has been done by NASA, which in my
view is excellent work, is enough for the aivplane people and the

carriers now to say, yes, we understand the method of attack, we'll

take it from here. [ think that's really the question.

MR. STICKLE: Thank you, Sig. I think that wraps it up pretty

good. 1'1ll talk to Bob and see whether he wants to add anvthing

after the lunch break.

AT O, G
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MR, HODGE: 1'd like to introduce Session 3 now, which Fas the
purpose of documenting the programs and activities of the airframe
manufacturers. Are there any other spokesmen who would like to te
heard during this time? We have representatives from Boeing and
lockheed. If there are any other representatives who would like to
te heard during this time, please come forward and we'll give you

a chance to make your statement.,

If there are not, I'd like to proceed to introduce Jerry
Lundry from the Boeing Commercial Airplane Company. Jerry is
Supervisor of Low Speed Aerodynamics Research and he'll make a
statement on behalf of Boeing.

MR. LUNDRY: Thank you, Ken.

This morning 1 would like to give you some background mate-
rial from the viewpoint of an air frame manufacturer. This is
primarily a review of some of the factors that make good com-
petitive airplanes for our customers. I'd like then to show you
something on the Boeing approach to the wake vortex problem and
finally consider some of the problems that we still face. The
view on the right here shows a list of desirable airplane charac-
teristics. First and foremost of course is they have to be safe.
Increasingly important is the second factor there, they also need
to be efficient, particularly with respect to energy consumption.
That's become a far more important question in the last five
years. The major importance to our customer is the cost of the
aircraft, both the initial price that they paid for the airplane
and the cost of maintaining and operating it. And another factor
here is that airplanes should be designed for long service life,
so that the initial price can be spread. And finally, something
that's also becoming increasingly important with our understanding
of environmental problems, the airplanes that we produce must be
compatible with the environment, both from the noise emission
standpoint and from the viewpoint of emissions in the form of

pollutants.

This illustrates I think a summary of the Boeing approach to
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BACKGROUND

BOEING APPROACH

PROBLEMS TO CONSIDER

the wake vortex area., We are preparing for an aerodynamic allevi-

ation. Aerodynamics of course is a prime concern to the air

frame manufacturer and we're doing this in two ways, we're follow-
ing NASA's program very closely. They've been very active at

Ames and at Dryden and Langley, and we've kept up with that pro-
gram as it has developed. We've also done some work to develop
in-house technology. This is a small scope project relative to
NASA's. We've concentrated on predictive technology. We'd like
to be able to provide the technology to an airplane designer so
that he can make estimates on the wake vortex characteristics of
new aircraft while we're in preliminary design. And this is a

special sort of requirement that we're implementing in the form of
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computer software, but for the airplane designer to use it, it has
to be relatively simple. It has to be readily usable and the costs
of operation have to be small. So it is specialized in that sense

of approximations.

l'he goal of that effort is to be able to track wake vortex
characteristics of new configurations as they develop in much the
same way as we track characteristics now, such as airplane noise.
It is not a major effort, the wake vortex characteristic would be

another configuration parameter to be checked.

We're also in the process of developing some in-house testing
capability. With respect to the FAA avoidance programs, we don't
see that having the same impact, the same level of impact on the
manufacturer. We are following it very closely. We want to
remain alert to the possibility that the FAA will have some impact
in the future on their airplane designs. Presumably that would

occur in equipment,

I'd like to discuss next a little bit of the chronology of
the Boeing vortex effort. Our wake vortex work extends back over
ten years. The early work concentrated on comparative flight
tests between the 747 and the Boeing 707. We also had some basic
stability work done by Steve Crow and also some experiemnts re-
lated to that. That sort of culminated in Boeing's co-sponsor-

ship of a wake vortex symposium in Seattle in 1970.

The next line down, the broken line, indicates intermittent
support of both FAA and NASA activities that continue to the pre-
sent. We've placed ourselves more or less on demand to those
agencies and have attempted to cooperate with them. Starting in
about 1975 we then did begin our development of predictive efforts
and that continues to the present. In March of 1977 you saw two
papers presented here in this room on that subject. The next to
the last item on this view film on the right indicates the work
we did under contract to NASA to evaluate the practical impact
of four alleviation concepts, and that work too was reported here

20 months ago.
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Finally, the last part of this chart shows that we are work
ing to develop in-house experimental capability. 1I'd like to just
show vou briefly a couple of results in the next two view foils
of our effort. The first one pretty much summarizes the current
state of the art for predictive technology. You see here a test
theory comparison. We made theoretical calculations of the tan-
gential velocity component shown on the left side of this figure,
the tangential velocity components given on the ordinate as a
function of the distance from the center of the vortex. They use
basically a Betz approach to the theoretical model and as you can
see the circles representing the data and the line representing

the theory are in good agreement.

On the right side we have a figure which shows the maximum
induced rolling moment both predicted and measured for a small
following model, as a function of the lift coefficient on the
wake generating airplane. The upper part of the figure shows
that there were two following models, a small rectangular plat-
form and a small swept wing. The open symbols in both cases indi-
cates test data and the solid symbols indicate the predicted
levels. So this gave us a good feeling that the work we'd done
to this point was giving reasonable predictions of the test data.
This work, of course, is restricted. We've chosen the convenient
place for comparison, namely that the vortices arc’effectively
rolled up at this point so there's not the prohlo{i\ of taking
measurements in the roll-up region. But we are also at such a
position that the significant decay has not occurred. .So neither
of those two parameters arce well modeled in the work that was

just shown here.

Also, this shows a case for a single trailing vortex on either

side of the plane and we need to get more work done to be able to
model the multiple vortex casc. We've already made mention of
the effect of using spoilers on the 747 airplane, and I'm going
to repeat some results here that were presented in March of 1977

and also show two results for two of the new spoiler configura-

tions that have been identified by Del Croom at Langley. The
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three columns on the right here are airplane characteristics in

approach contipguration, approach speed, touchdown hody attitude
amd approach noise. And for all three of these, of course, the
lower the better. Touchdown body attitude 18 important but neceds
a little explanation. The greater the touchdown body attitude
the larger the chance there is for tail strike in & statistical
SONse. Tail strike does nat occuy vervy often on landing, We
just simply know that our higher body attitudes are worse than

lower ones,

I've shown figures here for four configurations. At the top
level is the baseline 747 and the first column next to that is
the estimated Leaviet sceparvation distance based on the work that
wag cited by NASA in the reference given on Flight 1. They in
dicated a sepavation distance of about 9 miles for that particulm
riteria used there. The early spoiler configuration, Spojlers
L oand 2 and 11 and 12 (on the other gide in Roeing nomenclaturve)
extended 45 degrees, cut that requivement to three mifes, tHow
ever, it increased approach speed by 7 knots, assuming that the
spoilers remained extended, vet increasced the body touchdown
attitude about a Jdegree and a halt and increased approach noise
by 2 dB.  The two new contigurations are in the next two columns:
Spoilers 2, 3 and 4 deflected only 15 degrees rather than 4§ and
Spoilers 2 and 4 extended 30 degrees. Now 1 put down therve tot
the separation distance less than 3 miles. Neither of those have
flight tested. They are scheduled to be flight tested. We put
down less than 3 miles simply on the basis that in the wind
tunncel those contigurations had lower induced rvolling moment s
than the Spoiler 1 and 0 contiguration. Roth ot those contigu
rations are improved relative to the Spoiler 1 and 2 configura
tion. You can see that the approach speed increases are smaller,
the body attitude ix more nose down tor Spoilers 1 and 0, and
the noise levels are lower as well, The spoiler contiguration

o 3 and 4, 1 think, probably looks best on this comparison,

t'd like to emphasize that this doesn't come tor tree, parv

ticulavliy in the arvrea of noise and the next view toil velates
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to the noise penalties that you see here. This is an overall
study that was done to show the effect of decreasing approach
noise on the 747 and how it impacts fuel economy. Sound treatment
doesn't come for free and we do pay a penalty for it at cruise.
What I've shown here is a broad band. There have been numerous
studies of sound suppression for the 747 involving different
engines and different configurations. 1 showed the band so that
it wouldn't get bogged down in discussions of which one has to

be more important than another. But the key thing here is to meet
FAR Part 36, we are now paying something on the order of one per-
cent fuel penalty in cruise and we pay that all the time, of
course. If you remember, from the previous view foil we showed
noise penalties 1in the order of 1 to 2 dB in approach. I wanted
to show this view foil to indicate to you that if we choose then
to recover those noise penalties by treating them as cells and

the treatment, of course, would be full-time, we couldn't take

it out during cruise configuration, then we would be paying, if
vou look at the middle of that band, roughly another half a per-
cent to one percent to recover 1 to 2 dB on approach noise. This,
of course, is counter to our current trends. We're trying to at
least maintain or reduce noise levels rather than letting them

to up.

Finally, I'd like to indicate some challenges to consider
here, and you'll notice [ changed the title from problems to
challenges to reflect an up-beat attitude. In the area of aero-
dynamic alleviation we've been following NASA's program. They've
identified five concepts which is quite an accomplishment in
itself. A few years ago a lot of people were saying that there
was nothing that could be done about wake vortices. SO NASA's
program, I think, has to be considered successful from that point
of view.

We need to ask the question, are there more concepts. Is
there something that we overlooked? And T think we also neced to
understand these concepts better. VWe understand in terms of
measurements of induced rolling moment and so forth and it would
be nice to understand a little more about the physics of them.
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1 think the analvtical work that is now in progress has a good

chance of answering some of these questions.

The air frame manufacturers, 1 believe, would like to see
better predietive technology, and 1've already addressed that.
The sort of thing that we would like to look for, so that we
include it in our airplane design studies, I notice also that
someone has also mentioned safety criteria as a problem. The
question of induced rolling moment as a safety parameter is open
now, o think. 1t's been used primarily because it's both easv
to measure and it's easy to calculate relative to others, such
as maximum bank angle. Rut I do think we need to understand

better the criteria for safety.

One other question that has come up is the question of
phasing alleviation concepts into the fleet. What happens if we
do decide to retrofit aerodynamic concepts? Will there be some
difficulty in having say half the airplanes implemented with
this and halt not.

In the areca of vortex avoidance, we feel that the FAA program
has been very eftective. They've identified concepts for both
detecting and predicting vortices and I believe that those will
be discussed this atternoon. Their program has been effective
in terms of svstem design and prototyping and demonstration. But
we also, 1 think, are prepared to ask this question which has
already been discussed this morning. Can periods of effectiveness

be increased?

Fhat concludes my presentation from Boeing's point of view

tor the wake vortex program.

Ken, should I attempt to take questions now or would vou

like me to introduce Clive?
MR. HODGE:  Why don't vou sce if there are any.

MR. LUNDRY: Okav. Are there any quick questions, keeping

in mind the fact that it's 12:30°7

Yes.,




MR. BLAKE: Neal Blake again. You heard Al Gessow say that
as far as he's concerned that there's a need for further basic
resecarch. 1 wonder how you feel about it and whether yvou think
that there is adequate technology and concepts available that
would allow you to go ahead, for example, and put it on the 757,
767 series; and if not, could you say when you think it might be

practical to put this sort of thing in the fleet?

MR. LUNDRY: Well, I think I would give two answers to that.
The first is, I believe that NASA has demonstrated that we can
reduce wake vortex turbulence for aircraft. They do have a num-
ber of workable systems and 1 think the second part of that is
that we're probably not yet prepared to pay the price for it.
This is a question, of course, which we at Boeing do not decide;
ultimately our customers will decide that. And our customers
have not yet come to use demanding wake vortex alleviation. Our
position is that we're attempting to prepare ourselves for aero-
dynamic alleviation in which we'll be most closely involved, and
we're also monitoring the FAA program so that if it does turn
out to impact equipment in our aircraft, we'll be prepared to

respond to that need as well.

But with respect to the basic research, 1 think we still
would like to have a better understanding of some of the details
of how these concepts work. I'm not quite sure about how we go
about getting that, whether it's detailed flow measurements or
whether it's analytical calculations; it's probably a combination

of both.

MR. BLAKE: I think interest in the alleviation is very high.
The detection and avoidance schemes on the ground, of course,
do not work in all weather conditions, calm, windy. They're
gaining practically nothing. And so our interest, 1 think, remains

high and we're looking forward to the workshop.

MR. WEDAN: Bob Wedan, FAA. Just to emphasize that point.
If vou feel that the demand were there, that customers were
requiring these devices on your aircraft and you were not in a

position to commit actual design for a new aircraft or a retrofit,

S=17




presumably you'd be able to point out those areas where addi !
tional work needs to be done, partly by NASA and partly by the FAA
in terms of, for example, certification procedures. Do you be-

lieve that that could be done in a workshop today or tomorrow?

MR. LUNDRY: Well, ves, I think we'll identify additional

areas for both the NASA and the FAA to do work and in fact, I've

.,

attempted to show some of those that we consider important from
Boeing's point of view. But my feeling is that we shouldn't
stop. We should still explore alternatives while we still have

time to do it.

MR. HODGE: Next is Clive Whitmore of the Lockheed-California

T TRV T O TR L s,

Company. Clive is a Group Engineer in the Aircraft Performance

Area. ;
.

MR. WHITMORE: Good morning, gentlemen. I'll keep it short, §

and we'll be in plenty of time for lunch that way. .
In the first paper this morning presented by Mr. Sinha, I did 3

have one question, so since I'm here now I can ask it. But he &
talked about closing up the separation between the airplanes on 'E
landing and takeoff and how this was going to provide additional ;
passenger capabilities. But after my experience of coming to é
this symposium ['ve got a couple of other problems and I don't E
know whether they got into his analysis or not. And that one is g

the congestion actually in the air terminals themselves. Hell,
I stood in line half an hour trying to get a ticket. This is one
of the problems. And the second one I see is getting to the air-
port before or after your flight. These appear to be the con-
straints that we're faced with and if we sought out our airplane
problems or our wake vortex problems are we going to step into
that problem right away and was that taken in his analysis. 1
don't know.

Let me get on and talk before you answer and make my short
presentation here. As we at Lockheed see it, we have two options

right now. We have an airborne option which is essentially

encumbering the airplane with the problem, and we have a ground




4
based option which I hoped 1 would have heard more about before
I stood up here to talk, but I haven't, and so we're faced with

= !

these two options and we, as manufacturers, really don't know |
which way we're jumping. Ve, the airplane people, are convinced

after what we've seen here today, could easily jump in there and L g
work on the vortices at their source. Is this the right way to

go? Should we try to track the vortices and stay out of them and

TR e

adjust our separation depending whether the vortices are staying
over the runway threshhold where they'll cause an upset? And 1
feel, as far as we're concerned, this is our big dilemma. Do we :

move or don't we move and are we moving in the right or the wrong

e ey,

direction?

Now, what are we at Lockheed doing. Well, as you've heard
we've loaned Del Croom our low-speed wind tunnel models. We've
made a couple of tests at NASA Langley and I believe he's had

good success with these and managed to show that using the spoilers
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vou can signiticantly suppress the wake vortices. We've done some
flight tests, being based upon Del, it's very convenient to test

with people from Dryden and we have done flight tests as vou've

- Rine, WP

already seen. So 1 think we're convinced that using some combina-
tion of spoilers, and we may not have yet reached the optimum one,

that we can suppress wake vortices to some extent.

And let me just briefly say, because I was a little concerned,
people say: Oh, ves. You just stick spoilers up there and every-
thing in the garden is lovely. Let me briefly mention what some
of the design requirements for a wake vortex suppression system
would have to be. And I think here we run into some unanswered
questions. It's just not a simple system. 1t's going to be a i1
smart svstem because, and we get back to it, if we do a go-around

those speed brakes have got to be retracted right then. Secondly, !

it these speed brakes are up and we run into a wind shear or stall }
approach, we have to get those speed brakes down to maintain our

stall margin. And this is going to take intelligence to operate

fication requirements that the pilot be responsible for some

i
those speed brakes. The FAA is not going to accept in our certi- i
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action in a wind shear situation. It's got to be automatic. Now,
we happen to have sensors that do exactly this on the DLC system
on the L-1011. That stick shaker we have inherent in the angle

of attack vane to the DLC system and the DLC spoilers are socked
down, not a stall approach. Similarly on a go-around. So it's
within the state of the art. But unfortunately we picked on a
couple of other spoilers that we haven't got this system hooked

up to now, so there's going to be expenses here. We've got to
have a smart system. We've got to develop new service and I don't
know what the other bits and pieces are that we'll get involved in

here.

Let me talk about some of the other problems,l mean, those
can be solved, all it takes is money. Let's talk about some of
the other problems with using speed brakes to suppress the vor-
tices. We touched on the drag and how this goes over into the noise
problem. We're talking drag increases of maybe 10 percent, maybe
20 percent. And as Jerry Lundry showed, we're talking a couple
of dB's increase in noise on the approach. The second item is
if we continue to fly our current V reference, we're going to be
increasing the aeroplane pitch attitude. We increase the aero-
plane pitch attitude, and we start losing landing lights on the
approach. You come in and vou're going to see less landing lights
and you're going to have to do something about that problem. Your
decision height is going to be changed. Now, if you're doing Cat

35, you're in good shape, you can just do an autoland.

That brings us to the next point. We will have to change
gains in the autoland system because we've changed the aeroplane
configuration. I don't know how big or small these changes are.
Maybe they're insignificant, maybe they're not. I don't know.

We haven't done our homework there. The alternative to getting
around the inability to see the landing lights on final approach
is of course to increase approach speed so you get back to the
original attitude. Here again you're talking about getting back
into the autoland systems and having to change gains to accomodate

the new speed in a slightly modified aeroplane characteristic.
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Next point is that all these spoilers that we're talking
about using for vortex wake suppression are used for lateral con-
trol. Every spoiler you have on a current jet is used for lateral
control. Is the use of these spoilers isometrically for lateral
control going to degrade their ability to suppress a vortex wake?
I don't know. I[t's something we haven't resolved, but maybe
you're going to have to put them up higher so that for instance
if we talk about the 747 case where 15 was the optimum, maybe
you've got to get them higher to say, 30, so that on some probabi-
listic approach she won't get them much below 15 on a normal
stabilized approach that I believe goes with vortices sitting over
the ends of the runway.

And then, finally, we come down to I think one of the hardest
problems here, the go-around. And I talked on it before. You
miss vour approach, you hit the throttles, you go around, vou
sock vour speed brakes in and you dump a bloody great big vortex
right there at the threshold. Does everybody between LAX and
Chicago go around, too? How do we sort that problem out? There's
going to be a big vortex sitting there. We don't know where it
is. Is the man behind going to have to go around? Are the two
men behind going to have to go around? So these are some of the

problems.

The next point here, and I think it touches the last ques-
tion we had. 1 think most of the big aeroplanes, the 1011's, the
747's and so on, are going to be around for the next 20 years or
so. And so we're talking essentially a retrofit program to take
care of their wake vortices. It can be incorporated into the
late production aeroplanes or whatever. So we need to know a
little bit more about the system to price it. I think we had a
figure like $0.4 million or something per aeroplane. I don't
know whether the $0.4 million will cover the manufacturer's cost
of incorporating the sensors and the new speed brake servos and
the modified systems, because I think it may well be filled by

spoilers required to get wake vortex suppression. So it could

be a major modification to the aeroplane to achieve our goals
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here. And I don't know whether the price is right. 1It's just

an exercise that has to be done.

Do all airports need this? I think this is a wery critical
decision. We talked about the top 20 and it looked like the top
15 would probably have done a very nice job on increasing the
number of passengers. If vou're only doing it on 15 airports,
should vou modify all the aeroplanes or not? And that almost
brings me back to where I started. What is the tradeoff between
the ground based monitoring system and putting the load on the
airplane manufacturer and the airplane? And this is again a

question that I think is still open in my mind.

Now, in conclusion, 1'm very disappointed to see that more
of our customers aren't here. I think there are some people from
Fastern and I saw somebody from United registered. These are the
people really who are going to call the shots. It's going to be
the airline vice president calling the manufacturer's vice pre-
sident and saying, you know, it's costing us this much, this wake
vortex problem, let's get with it. And then that will come down
through the organization and at my level we will get with it.
But at the present time we don't seem to have this commitment by
the airlines that it is a big cost saver. Let me just cite you
an example here of how the airlines will respond it vou can show
them a benefit. Some while ago we went back and talked to them
about flight management svstems, how they were flying too fast,
burning too much fuel. O0Of course the flight people at the air-
lines, my apologies to the airlines here ,say nonsense. Our
pilots are supermen. They hold that mark number right on. We
don't mess about. So after a little discussion we got some flight
recorder tapes and looked at where the airlines were flving. Were
they flying too fast, too slow, the right altitude,the wrong
altitude? We analyzed these, showed the airlines the potential
for fuel saving. We've got customers for flight management
systems. We could show a tangible benefit that they could pay off
a flight management system with fuel savings. Now, right now 1
don't think the airlines have an incentive at the present time.

We saw a huge number there. But how do they quantity that, 1
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don't know. And I think when the airlines get behind this, give
us a big push, I'm sure that we, the air frame manufacturers, even
possibly the makers of laser velocimeters or whatever it may be
that measures these wake vortices will get behind the program and
we'll be off and running.

MR. HODGE: Any questions for Clive?

DR. TOMBACH: I'm Ivar Tombach. I was interested that both
vou and Jerry Lundry commented that the airlines were the ones
who were going to determine whether vortex alleviation was going
to be applied to aircraft. 1 suspect that economics are such

that an airline would not have any particular incentive for doing

so alone, ahead of other airlines, because by doing so his airplanes

would cost more and put him at an cconomic disadvantage as compared
to his competition. And I can suspect that there's a parallel

here with other regulatory arrangements such as in air pollution,
that although everyone would like to see it done, no one is going
to make the first move unless the government forces the hand of

the players. I wonder if you agree with that.

MR. WHITMORY : I think it's even worse than that. Say Air-
line A puts a vortex alleviation system on his airplane, he gets
absolutely no benefit. 1It's Airline B that comes along behind

him that reaps all the benefits.

MR. CROOM: There's an old proverb, something to the effect
that the indian says you don't pollute the stream if you're going
to drink the water. United flies behind United; American flies

behind American.

MR. WHITMORE: I agree there. But it is a consideration that
I think the airlines might -- I got my shot in, Mr. Sinha, maybe
you can get one back at me here.

DR. SINHA: Agam Sinha, Mitre Corporation. I'd like to
attempt to answer some of the questions that you raised in the
beginning of your speech. The analysis that we presented is the

first shot at getting at a global picture of the benefits of

reduced separations and consequently it definitely does not get
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into some of the details that vou mentioned ecarlier. However,
there are wayvs of getting at the same kinds of estimates. One is
by looking at the results under demands, which was not presented
here, but is a part of the analysis and will be presented in the
documentation. The other wav of looking at it is to reduce the
pervcentage effectiveness of the 2, 2.5 nautical-mile standards.
That is, in effect, getting you less planes on the ground if vou
can't handle it on the ground side:. And the third point in that
regard is that the specific task forces with the FAA and the
industrial participants that are going on at individual airports
are looking at the total picture in terms of air traffic conges
tions in the air and on the ground. Sa the results that are
coming out of that study tor each airport is a better assessment
and it still falls within the same ball park that we presented

this morning.

I would like to reiterate one of the comments vou made about
the 0.4 million figures and its applications,. Fhe basic point ol
including that in our analysis was to reflect that it is results
of analvsis like these that should provide the guidelines, once
vou define what the problems are or what the solutions are. Once
vou define the cost of a spline or spoilers or what have vou, then
vou c¢an do a sort of cost benefit analysis that will provide the

motiviating factor for going ahead with it or not.

MR. WHITMORE: 1 agree with all you've said. 1 was just
trving to start a little discussion. 1 think there was one more

question back here somewhere.

MR. PORITZIKY: One of the points is clearly that the airport
access and terminal congestion arve problems. 'hey'rte really
scparable problems. [It's ditferent when you look at the points
that I was making earlier. Ile also has seen clearly what you've
seen and what we've seen, that the carviers up to now have not
made strong representations to vou, to Boeing, to the others, to
get on with it. Now, it's easy to talk about the wake vortex

avoidance alleviation problem and we are doing what we know how

to do in that area. You will arguc not fast enough and that's
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fair enough. But what can be done there is limited and we have

a pretty good idea what those limits are. I think the crucial
point, and I hope we'll hear Frank Brady when he speaks tomorrow
give us a better feeling as to what the carrier is really thinking.
[t's really easier to beat on FAA to do something about the ground
problem, which they know and we know deals with only 30, 40 per-
cent of the problem. And to leave in limbo what vou do in the
airplane. 1 want to touch one point that hasn't been made which
is also important. 1 touched on the safety question earlier,
particularly GA safety as congestion rises. It may not be known
to everybody here that the terminal area separations, not approach
and landing, but the terminal area separations are higher now than
they were before the wake vortex problem was recognized. That

also is a capacity constraint and when you start looking at general
aviation growth and air carrier growth and increasing concentra-
tion on a few hubs and at new airports, and we don't know how to
make more airports, the congestion will rise and my guess is that
the safety difficulty will also rise with congestion. And no way
will a wake vortex ground avoidance or detection system do a damn

thing for that problem.

MR. HODGE: All right, Sig. Thank you very much. Thank you

Jerry and Clive.

Now, unless Jerry Chavkin has any final comments here, we'll

take a lunch break and we'll see vou back here at
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MR. WEDAN: The last topic before lunch was about the FAA's
interest in NASA's program. A comment was made that we have until
after lunch to think through an answer for that. 1T believe the
answer was given by Sig Poritzky. So unless -- I don't see Lou

here -- he wants to restate the question, we can move on. But

[ think it's worth reemphasizing that the FAA indeed is interested
in the NASA's program. It's been so indicated in a letter from
Dr. MclLukas, recent coordination meetings have reemphasized it
and participation by the DOT side of the house and the programs
have been undertaken by NASA. So there is no question about that
level of interest.

Let me state it from a different point of view and that is

that although the FAA and NASA have taken two separate approaches

T T T

to the problem, NASA has indicated this morning that it's been

e

looking at techniques for alleviation or minimizing the hazard
at its source. The FAA is concerned about, given that there is
a hazard there, how do we live with the hazard in whatever state 4
that hazard is in. So it's been a coordinated effort and I think ~E
it's our belief, Sig mentioned it earlier, I would like to reempha- 5
size it, that the approach that the FAA is taking on this will not |
be the complete solution to the problem. We will hear about the
capabilities of the system which has been developed to date. We 4
can speculate about improvements to the system but I don't be-
lieve that any of us believe that the approach that we're taking
in terms of an advisory system will be the solution to the pro-
blem. I think in the end, to achieve the kinds of benefits that
were indicated earlier this morning by Jerry Chavkin, we're going
to have to approach the problem from both points of view.

Okay. By way of introducing the second half, namely the
DOT efforts on this program I'd just like to state that the FAA

and TSC certainly have been working the problem for many vears.

vyl
< -y

My own personal initial involvement goes back to 1970 so that

represents the seven to eight-year effort. Much of this effort has

o P

been to develop an understanding of the behavior of vortices and

ground effect, because we believed the initial hazard was the
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landing problem. That isn't the total problem but certainly it's
the one that we felt was worth investigating early. So a lot of
time and effort was put into collecting data on the behavior of
vortices and ground effect, and modeling this behavior, such that
techniques could be developed for predicting the tfuture behavior
based on present measurements. And that would be of some help

in assisting controllers and spacing aircraft.

The idea behind this is to find the boundary ot safety and
to look for a means of operating aircraft to maximize capacity,
in other words, c¢lose up longitudinal separations as much as
possible without compromising safety. Now, the first product of
this effort is called the vortex advisory system, the VAS. You'll
hear about the status of VAS now. It's an operational evaluation
at Chicago O'Hare. And briefly, this is a two-state system. It's
a system that will tell you when you have to use the 3, 4, 5, ©
spacing rules and when under other conditions, namely based on
wind measurements, one can shorten up the spacing to a tighter

spacing. So that is the first product.

The next question that we've faced with and it's one that
we'll want to address more thoroughly in the workshop is the
enhancement of the system. From time to time we use the term WVAS,
which stands for Wake Vortex Avoidance System. I[t's an improve-
ment. Basically, it takes more information for the decision-
making system that will provide hopefully even further performance
improvement in terms of reducing spacing. So we'll hear a little
bit about that.

Now, the questions that we have with respect to the workshops
this afternoon, ['ll make a few more comments later on because
as we step forward we've got real questions on how best to step

forward from this point.

I'd like to introduce now the Chairman of this session, Guice
Tinsley. Col. Tinsley has been leading this eftort on the R§D
side ot the FAA for several yvears now and he will be leading the
discussions and the papers that involve some of the chief parti-

cipants, the chief contributors to the program on the DOT side.
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Guice?

COL.TINSLEY: Well, welcome back and it looks like we didn't
lose too many over the lunch period. 1 assure you we won't miss
the 4 o'clock break and we will be in time for the cocktail hour.

Now, the objectives of this conference were four. We've
taken a look at the pavoffs and 1 think it's impressive. The
amount of dollars that could possibly be saved. We're looking
now at the current efforts. We've taken a look at what NASA
has been doing. We're going to go through a couple of hours here
of looking at what the FAA and TSC have been doing. Then you're
going into the session on the operational aspects on which there
has been a great deal of effort. Finally what we are looking for
is the feedback on the priorities. We do have active programs,
we do make decisions daily and modify our programs, but we do
need yvour thoughts and we're very interested in what vou have

to say about what we're doing or what we might do.

In our fiscal year '79 activity are these major tasks. Now,
these are not our priority listing of tasks but they are the
things that we presently have funded and we intend to pursuce.
First, we're very interested in the operational evaluation of the
VAS system in Chicago. We're interested in pursuing VAS enhance-
ment and you're going to hear a little bit about that shortly.

We are and will support NASA in their flight tests that are going
to occur carly in the year. We take our CW van out to the test
site, we collect a good bit of data and then do extensive data
analvsis. The vortex predictive modeling is one of the few things
where we're doing looking ahead to an active tracker syvstem. In
our departure vortex cffort, gaining additional data on how vor-
tices act in a departure situation to see if we can develop the

same kind ot thing for the approach that we had with VAS.

And then, finally, we're looking at what the WVAS trequirements

are. 1 think it's important to point out in the current activi
ties, we are not working on developing an active tracker of any

type. We are not working on sensors. The present priority, and
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by priority I mean this is where we expend our resources, this

is where our people work, this is where our money goes. First
and more importantly we're trying to get Chicago operational and
satisfy everybody that we do have an operationally viable system,
Ilhen we're going into our departure vertex study and [ do not
mean that we're not very interested in vortex alleviation, but
the truth of the matter is this is the priority, the top three
and the fourth. We are doing very little work towards a vortex
alleviation system. But these are the four things that we look

at as our primary priorities.

To begin Session 4 we're going to take two hours here to go

through what we have done and what we are doing and where we feel

we are in the vortex business. First we're going to have a vortex

behavioral research talk by Dr. Jim Hallock.

Jim, if you would, please.

DR. HALLOCK: Greetings., I'm going to be talking about vortex

behavior research. This is a subject that we have been working

on for some time here at TSC. But what I really want to cover in

this 25 or 30 minutes is a little background of what led us to the

vortex advisory system, VAS,which we'll hear a lot about this

atternoon. Then, my next two subjects have to do with data from

two sensing systems; the results haven't been reported as yvet, but

some of the results are so exciting | want to spend more time on

what's coming up in the future than on what's gone on in the past.

The first sensor system that we're talking about is called
the ground wind vortex sensing system. This is an array of pro-
pellor anemometers that have been used at many places. They are
an array ot anemometers placed approximately 15 meters apart and
are used to determine how vortices are moving. We think we might
be able to go so far as to get some information about vortex
strength, but primarily we've used the anemometers to learn how
the vortices move, and when they get out of the way so that a
following aircratt could come in. Well, as you can see from the

slide that's closest to me, we used these anemometer arravs at
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JFK, at London's Heathrow Airport, Denver, and Chicago. We've
looked at in excess of 50,000 aircraft landings. So, we've
looked at 100,000 vortices. We've also, at Toronto, looked at
in excess of 5,000 takeoffs.

The monostatic acoustic vortex system has been used, as you
can see, at four different locations, and we've looked at more
than 15,000 landings and obtained very interesting data on the
decay of vortices. We've also looked at some 2,000 takeoffs at
[oronto.

\nd thirdly, we've used a laser Doppler velocimeter, the van
which vou may have seen out in our courtyard, to monitor wake

vortices. Some laser measurements were done in the past by NASA

VORTEX BEHAVIOR RESEARCH

GWVSS: GROUND WIND VORTEX SENSING SYSTEM
JEK, LHR, DEN, YYZ, ORD
MORE THAN 50,000 LANDINGS RECORDED
MORE THAN 5,000 TAKEOFFS RECORDED
MAVSS: MONOSTATIC ACOUSTIC VORTEX SENSING SYSTEM
JFK, YYZ, ROSAMOND, ORD
MORE THAN 15,000 LANDINGS RECORDED
MORE THAN 2,000 TAKEOFFS RECORDED
LASER DOPPLER VELOCIMETER

(JFK, YYZ, ROSAMOND!, ORD
MORE THAN 5,000 LANDINGS RECORDED (ORD?
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Marshall and by Lockheed Corvporation under contract to 1SC. We
are in the process of evaluating now some 5,000 landings recorded

at Chicago O'Hare.

First of all, 1 want to talk about the ground-wind data. A
lot of this is a review trom what was discussed at the conference
a year and a half ago, but it does set the stage for what we're

going to hear ftor the rest of this session,

When we evaluated the data, one of the primarv things that
was looked at is how do vortices move and decay. The main thing
we were interested in at that time was a chart like this, we
were interested in the probability of vortices staving avound to
possibly cause a problem. Ncw, remember, we have no measure of
strength here -- all we're saying is that there is a vortex. 1Is
there some coherent flow that might cause a problem? Well, we
found that the data looked as shown. To interpret it, for example,
look at 60 seconds and move up on the curve and find a cumulative
probability of 16 percent. What that means is, after a minute
only 16 percent of these vortices are around. Once again, how
strong is it? Who knows? We don't know. All we know is that
it was a coherent flow and we could distinguish it from the back

ground wind.

When you get out around 80 seconds ov more we've only talking
about some 4 percent of the cases. LUighty seconds is a kev number
because that maps into,at 135 knots approach speed, 3 nautical
miles. We ask, what do we know about those cases that have lasted
the equivalent of 3 nautical miles? What we did, and this graph
by the way shows London Heathrow data, is plot all the data points
where we found something that lasted for 80 seconds or more. We
got a scattering of points which are enclosed by an ellipse. If
I plotted all the data that we collected at all the other sites,
over 20 thousand at Chicago, etc., we find that all of them fall
within this ellipse. That's the kev. The different symbols here
are: the open circles were vortices that lasted between 80 and
90 seconds, and the dark circles were vortices lasting more than
00 seconds., So this gave us an idea that, if this ellipse is use-

ful, mayvbe we can get something which will permit decreasing
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separations at airports for landings -- that's what led us to the
whole concept of VAS and that will be the subject of the following
talks.

One comment, just because the wind is inside the ellipse
does not necessarily mean that you're going to have a vortex stay
around tor a long time. Quite often when you have the winds
inside the ellipse, we're unnecessarily sayving that yvou should
stay with 3, 4, 5 and 6 nautical miles under IFR conditions. So,
what we're also interested in is what we call VAS enhancement.
Are there other measurements that we could do to make this ellipse
disappear or shrink? There are some things. Things like atmo-
spheric stability which you'll hear about later. Atmospheric
turbulence also causes this ellipse to shrink to zero under con-

ditions other than just measuring the wind.

Other types of things that we are still looking at in terms
of the anemometer data is how far these vortices move. Obviously
a very important question. How far apart do parallel runways
have to be? Some of the measurements that we did at JFK concerns
anemometer lines that stretched almost a mile in length. We're
in the process of looking at this data to find out how far,

indeed, do vortices travel.

Now, moving into the next subject of this talk which happens
to be the monostatic acoustic vortex sensing system. Very briefly
(and I say briefly because Bill VWood, towards the latter part of
this session, will be talking about these sensors), what we do
is send up a pulse of acoustic energy, roughly 3 kilohert:

frequency, range gate it, and look at the velocity spectra.

We've come up with some rather interesting results. We now
have recorded the vortices from 15,000 aircraft landings at Chi-
cago. lHere's a typical 747 vortex which came from the Rosamond
flight test that we've heard about this morning. VWhat we've

done is transfer Doppler shifts into velocities and the result

3 whows velocity versus the vortex radius. This case is for a
3 - . . :
) 33-second old vortex that's a 33-meters height. We can calculate

its circulation. Now, we see-a core radius of about 3 meters.
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We have to define a couple of quantities. The vortex cir-
culation definition which most people know is the product of the
vertical velocity and 27R. But we have been working with a quan-
tity we call the average circulation. What we do is take the
circulaton and integrate it over some radius and then weight it
by that radius. The reason we're very much interested in this
quantity is that under simplifying assumptions it is related to
the rolling moment that you'll get on an aircraft. We also found
that we can fit all the data with a simple vortex model which
contains the core radius and the total circulation evaluated at
essentially infinity. That's hhut.thcso solid lines are. From
the simple vortex model for the circulaton and using the equation
up here you can get the velocity. It seems to fit the data quite

well.

We have lots of this data, some 15,000 cases, so we Know
pretty much what the velocity signatures and circulations are of
these aircraft. Here are two cases which have to do with takeoff
but are quite commonly found in the landing situation. They are
rather interesting. VWhat we have here is gamma, which in this
case 1s our average circulation, versus time for different radii.

This is for S meters, 10, 20, and

30. Notice how the vortices

are decaying. Taking a small radius, i.e,, what a small aircraft
would see if it flew into this vortex, you're not seeing much
decay at all. At these higher radii, you're starting to see quite
a bit of decay. What this is telling us is that the vortex is
essentially vedistributing its vorticity on the outer portions or
the periphery and it's growing. That's where the "decay" seems

to be occurring. It's not on the inside as predicted by the
typical viscous-tyvpe models. The vorticity on the outer portions
are moving outward faster and so we're seeing this rather rapid

decay.

Another type of thing we've observed are shown in this
Vugraph; all I can do is say I think the vortex is linking with
the ground. We're seeing these types of behavior in take-offs

and landings.
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Somebody previously showed some calculations that 1| believe
\RAP did tor NASA, showing vortices coming down and then rising
again., We¢ have been able to correlate very nicely with measure
ments that we did up in Tovonto that, given the height of the
atrcratt normalized to its wing span one can predict how high that
vortex 1s going to rise. What vou're doing is inducing a ground
wind shear that's causing one vortex to rise much in the manner

calculated by Harvey and Perry,

\nother area that we're getting into which is very interesting
has to do with taking the ensemble of all the data €rom the mono
static syvstem and looking at decav. Vhat we have heve in this
Vugraph is for 707's. What we've looking at is the probability
of tinding a vortex at a given time greater than or equal to a
strength, a limiting strength, versus the square of the vortex
age. Notice how straight these lines ave. All of the data show

these straight lines and, hence, a decay going as the time squared.

One ot the many things that we've looking at now is the prot-
atility of the decav of vortices to find out if the 707-300/400
series, ftor instance, ave truly Heavy; should these airvcraft be
called Heavies when thev'rve landing. Are they truly Heavy? Ve

have a program at Chicago and we have about one thousand cases

where we know the landing weights of the 707's and DC-8's. We're

going to look at these tvpes of curves to find out if we can
remove & 707 that's now called a Heavy and/or BPC-8 that's now
called a Heavy trom those categories because so doing will regain
capacity.

Here is a curve that was shown by Paul MacCready a veav and
a halt ago at the conference herve, where he looked at decav
measured a number of wavs (ground measurements, Ulight data and
towing tank data). As vou can see, the strength is normalized by
the inttial strength and is plotted versus a parameter which
basically is the distance measured in wing spans behind the air
cratt. Roughly what's happening in the decay is that it stavs
constant for approximately SO wing spans and then Calls off,

I've been looking at the 15,000 cases that we've collected and
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find that this form of the decay is remaining true. 1 coul
plotted all 15,000 data points here but it would get a litt
crowded, but we are seeing the same thing; that curve bound

nicely the decay of the vortices,

Changing the subject to the laser Doppler velocimeter.
are a number of ways that one can scan to study aircraft wa
tices. The initial work that was done by NASA and Lockheed
a so-called finger scan where one just moves the focus in a
rapidly and try to track the vortices. It turns out that s
very good for tracking vortices but not very good for getti
tailed measurements because, one, vou're spending a lot of
at the extremes of the scan where nothing much is going on,
two, it's very hard to extract anything that tells you what
vortices are doing.

\t the Rosamond flight test, the 747 flight test that
saw pictures of this morning, we used an arc scan where vou

stayed at one range and scanned back and forth and allowed

vortices to descend through the scan region,

We've collected about 5,000 cases at Chicago O'Hare in
connection with the VAS safety analysis. We used a stepped
scan where we scan with one range, step down, scan back ove
so on. It takes eight seconds to scan through these eight
ferent altitudes and you get a pretty good picture of what

vortex looks like at these various altitudes.

And as an aside, here's what a typical scan sequence 1
1ike; these are the vortices between 16 and 24 seconds of a
a 747 on a cloudy day. You can see the familiar pattern.
have no plus or minus velocity discrimination so evervthing
one sign, but you can find where these vortices are. We us
light pen technique to pick out where we think the vortices
and then calculate the angle and strength of these vortices

learn how the vortices are moving and how they are decaving

Since we've been talking about the 747 and the use of

different techniques, spoilers and non-spoilers, 1 thought
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would spend the rest of the tim

when we worked with NASA out at

meters per second versus vortex
is just two runs; this one, the
have no spoilers deployed (norm

being the data when yvou deploy

change at all. In the peripher
ference, but obviously in the ¢
quite a bit. With spoilers dep
tangential velocity around 7% m
velocity means that you have a

linearly with distance.

Now, here are the circulat
slides that we're going to see,
that's approximately the age of

a couple of seconds. On the ri

¢ talking about

Rosamond Dry L

radius. What

solid circles,

the data collected

ake about three

years ago, What we have in this vu-graph is tangential velocity in

I'm showing here

being a run where vou

al landing case) and the plus signs

the spoilers.

y of the vortex

You definitely do

see something happening. In the core region you don't see much

we see little dif

entral portions you are seeing

loyed we get a

nice flat vortex

eters per second. This constant

circulation that's increasing

ions. For the

next scquence of

whenever Yo see a Scan number

the vortex, wi

ght we'll have

thin plus or minus

the normal landing

spoiler case.
15 the 1, 2 an

ends of the wi

['ll rcad them

forces us to r

operating, the

LLook here
span); without
meters squared
alleviation an
squared per se

smaller sized

Before go
line is for a
line here is f

meters per sec

configuration and on the left we'll always see the alleviated or

The spoiler configuration that we're talking about
d 11 and 12 case: the two outboard spoilers on both
ngs. [ don't know it vou can sce the numbers so
when 1 refer to them. But here's something that
aise the question about how well the system is

spoiler system.

at 5 meters, which is the size of the T-37 (semi
alleviation we read a number on the order of 400
per second. Look over here and at 5 meters with

d you read a number that's less than 200 meters
cond. Definitely you're seeing alleviation for the
aircratt.

ing on, | would like to comment that this straight
Hof fman-Joubert turbulent vortex. The straight

rom the previous slide where we had a constant 7%

ond for the tangential velocity. These two lines
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(Hoffman-Joubert curves) will remain the same in all the following

Vugraphs.

Let's go back to my other problem. We saw for an aircraft
that has a wing span of 10 meters that, indeed, putting out those
spoilers really did show alleviation. It cut the effective

&)

strength seen by the following aircraft by a factor of 2,

Let's look at a Twin Otter or a 727-type aircraft and see
what it's seeing. For the Twin Otter sized aircraft,we have a cir-
culation in excess of 600 meters squared per second, and over
here (the alleviated case) and we're seeing about 550. Not too
much difference. And that is for the commerical airliners, if

you will, versus the T-37-type aircraft.

Let's move along. Now, we've moved to a 39-seconds old
vortex. Look here at 5 meters without alleviation, and we have
a circulation around 400 meters squared per seccond. Look here
and we're still seeing a number less than 200 for the alleviated
vartex. Definitely greater than a factor of 2 improvement with

spoilers deploved.

Look out here for our Twin Otter or 727 size. We're talking
about a number around 550 versus a number around 400 meters
squared per second. Ve're starting to see a little bit of effect,

but certainly nowhere near the changing strength that we saw for

the T-37-type aircraft.

Following the same discussion here at 55 se¢conds, at 5 meters
we've still got around 400 for no spoilers and about 150 meters
squared per second with spoilers; detfinitely a T-37 would have
a less effect on it. Look out here for our Twin Otter; we're
talking about a number near 500 with no alleviation, and with

alleviation we still have a number like 400 meters squared per

second. Very close to what we saw before.

Could T have the next slides, please? Now, we're getting to
the old vortex; we're talking about a 3-milc¢ separation now,
76 seconds. The dotted line, by the wav, scemed to be a better

fit than the Hoffman and Joubert curve. Look here at § meters
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and sce a number in excess of 300 tor no alleviation and 150 meters

tg- squared per second for alleviation for that T-37 type of aircraft.

f' Let's look at what happens with the Twin Otter tvpe aircraft.

% We see a number around 400 for no alleviation and around 300 I
;i meters squared per second with alleviation -- not much different.

You see a definite eftfect, but it is nowhere near as strong as it

i . 3 . . x
B is for the smaller vortex-penetrating aircraft,
g : : ik :
5 I'wo points I'm trying to make: With a laser we've been E
& . i’ . X |
!; getting some really detailed measurements of what vortices are £
-4 L
¥ doing. We can learn about the decay and the velocity fields. The i f
g i i
: second point we want NASA to keep in mind in terms of these tests 3 %
§ (and part of the reason we're going to be involved with their next N b
% series of tests); vou're definitely seeing alleviation for small ré !
¥ = X B, i
E 5 . i B s 5 . X . By
aircratt, the T-37 or the PA-28 types of aircraft. But the ques- :
" . . A . % ¢
tion is, are you going to see that much alleviation for the com Nt 4
& mercial airliner size of aircraft. hE
i : :
3 What [ have talked about today are some of the measurements ¢
| % that we've done and the things that we're looking at now in great |
% detail. We're seeing the decay of the vortex occurring from the §
¥ outside in, not the inside out, as one might surmise; and we're

g

seeing the different types of decay and we're starting to talk

about why the vortices are bouncing. We've got a fairly quan-
& titative model. We're almost ready to put equations to it to
predict how much you expect a particular vortex to rise, given the
altitude of the aircraft. There is a lot of other work that has
been done which really was covered pretty much in the last con-

ference.

0 e TR T O

Thank vou.

W

e e "

MR CLARK: My name is Myron Clark. 1 have a few quick slides.
Primarily what I brought to you this atternocon is @ film that we've
made on the Chicago System. Rather than go into a long and de-
tailed discussion of some of our growing pains and the anguish we
3 went through trying to get Chicago oft and running, 1'd rather

show vou this film. It gives vou a pretty good description of how

e T

things were developed. The discussion that Jim has just held for

vou, if you remember back to talking about the Heathrow data, this
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was the first of the data that sort of keved us into the possibi-
lity that the wind conditions play a very, very key role in what

is happening to that vortex out in the approach zone.

Just a quick statement of our objective, what we're looking
for in the program, it's a capacity program. We're looking for
a system by which we can eliminate or minimize the effect of

wake vortex in the terminal area without compromising safety.

I'm not going to dwell on this separation matrix, you've
seen several versions of it. These were the prior separations
in nautical miles and what we're trving to do with the VAS is to
get us all back down to 3 nautical miles between aircraft, as a
minimum separation. 1I'd like to make that point very clear, and

Jim will talk about this later.

When we talk about 3 nautical miles, using the VAS, we recog-
nize that as our minimum. Take a good look at the situation in
Chicago and how Chicago operates and many, many times vou're never
going to get down to 3 miles, it's just not possible because of
the way the traffic is configured and how it's handled in the
Chicago area.

Okay. There's some basic concepts and I think vou've heard
these discussed and I'm going to brush through this very quickly.
Most vortices move quickly off the flight path. We can track
vortices with sensors that we have and which have been under
development, and I say in that slide now under development but
most ot that development has been completed.

Here is another picture of our infamous laser van.

And also, the last basic concept is that it we understand the
meteorological conditions and the generating aircraft, there is
the capability of predicting what that vortex is going to Jdo, and
therein lies the Kkey to the future systems when vou're talking
about wake vortex avoidance svstems.

It's really a very simple system., 1It's composed of three

basic subsyvstems.




%
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First, you have your met towers that are located in the
approach zones -- they are fifty-foot towers. We have a triple
anemometer configuration. There is a central data processing unit.
I[t's located in the IFR equipment room, downstairs at the base of
the tower, O'lare Control, and then we also have the displays for

the controllers.

Now, in this slide you're only seeing one displayv which is
what we call the individual controller display. I also have

another picture of that here, I think, coming up.

Here again, is Jim's algorithm. He's already discussed that
pretty thoroughly, although we did coordinate with each other on
what our briefings were going to be, unfortunately, we did manage

to double-up on a few of these things.

This is just another depiction of it. It does show you the
head-wind, cross-wind components, and that transition band that
we use. If the wind vector is inside the inner elipse then vou
have what we call our red condition and you use your standard

separations.

Once the wind vector goes outside the outer ellipse of course,
that gets us our green condition, which we say, okay, now we can

close down to three miles between aircraft.

This band that you see is a transition zone or a buffer that
we've built in to allow us to keep the system from flickering
back and forth too much, which would drive the controller right

up the wall, of course.

Here's the other display that I was going to talk about.
The individual controller display. lHle controls the runway that
he wants to look at with this thumbwheel switch here. He dials
up an arrival for runway 09 left, or if he's working 9 right,
27 left, 27 right, or whatever.

If he does make a mistake and dial in 24, which doesn't
exist in Chicago, the system will blank out, show no data.

We do have the two separation lights here on this corner.
This also gives him the wind direction, the wind speed, and gust,
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it anv, and there is a dimmer control and some other switches on
 § A

lhis display right here is what we call the system monitor

| display. This is an overview-type display. W¥e call it the super-

b o

visory display. If the supervisor wants to take a look at his
airport and what the wind patternsare doing, he has all of the
tower's, including the center field wind, displayed on this unit.
It also has the separation lights, and thinking ahead in the
future for departure considerations, we do have some spare module
capability where we can add, if we are successful with depar-
ture studies, an algorithm that will perhaps give us a capability
to handle departures with this same system. ¥
This is a close-up of the anemometers on the met tower.
There are seven of these towers to cover the twelve approach

corridors in Chicago. This is a picture of the hardware at the

PO S e PI

base of the tower. This is simply the guts of what's hidden in
that box down at the bottom of the tower where we convert the

analogue signal from the sensors into a digital signal and trans-

mit it back to the central processing systen.
Now, that's all the slides that I have and that leads me
into the film, and just one comment before we stavt the film --

This film was prepared really to be distributed to anyone who

s Ty, AR T . o

would like to have a film with a basic description of the system.
We have not released the film vet, because, if you listen closely,

it 1infers that the Chicago system i1s already in operation.

R i

We didn't want to create problems and a lot of questions, so

we've been held off on releasing the film. This, in the trade,

e p——

is called an answer print. It's the only copy of the film that
I have. We will do some minor modifications. There's a couple ‘
of words in here that we think need to be changed around before

the final film comes out.
One last point to be made. This film was made when we still
had our engineering model in Chicago and so vou'll be seeing some

met towers and some pictures here that don't quite match up with

what vou would see in Chicago todav.
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Mr. Projectionist, if you will roll the film, please.

Although we have an FAA logo onthat and we take credit for

it, I guess I ought to thank the NASA folks for their film clips.

You probably recognize some of that file, Joe. Some of it

came from your files.

By the wav, I did want to point out to this group that this
film wasn't designed for all of vou. This was our attempt to
develop a familiarization or an orientation film, that we could
distribute throughout our regions so that our controllers and
the user groups that wanted to see what we are doing with the
Vortex Advisory System. It really was not designed to be a
highly technical film, although I think it tells the whole story

on how the svstem grew.

One other point that I would like to make about Chicago.
From our point of view, we have basically completed the development
at Chicago. We are working on doing some of the final analysis
of the laser data that was taken out there, and you're going to
hear some more about that from Jim Ballock shortly, but basically,

the svstem's development effort at Chicago has been completed.

We have some minor technical problems that we are policing up
at the present time and we ave in the process ol publishing a
handbook and getting the svstem specifications completed.  So,
hasicallyv, the Chicago Vortex Advisory Svstem development has

been completed at this time.

One last item that 1T would like to point out., We did cervtify
the system, or at least turn it on for the wind information. We
have been using the wind information taken from the ancmometer
network at Chicago since last May. If vou are flying into Chicago
and ask the tower for the winds on final, vou will get the wind
measurced in the approach corridor for the runway which yvou're

landing on.

Now, the other general information weather intformation

is still centerticld, but il vou request wind information, the
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wind that vou get trom the tower or the TRACON people is the

wind taken from the approach corridor for vour runway.

Unless there are some questions, gentlemen, that's all 1

have.

FROM THE AUDIENCE: Myron, what is the status of it?

MR. CLARK: [t is permanently installed in Chicago, and

I think vou will hear more about that later from some of the other

group that's coming up, Joe and Gene Bavrlow.

ve've planning vight now an operational evaluation and, hope-

tully, the last date we heard was sometime early this spring we

should be ready to do an operational evaluation, and

then the

system is permanent in Chicago. 1t'11 become part of the Chi-

cago traffic envirvonment.
Any other questions, gentlemen?

Fhank vou very much.

the next twenty minutes | can convince yvyou that the

proven absolutelyv. What | would like to do is show

manner.,

It is a very interesting fact that most of the

a study done by Mitre where they studied ten vears'

4-28

? through it and tell vou some of his rationale. Jim?

accident data occurred on landing, and of these 1

MR. TINSLEY: You can imagine that with any change that we're
making to the air traffic system, we're very concerned about the
safety aspects, and one of the things that Dr. Hallock has been

working on is a safety analysis, and he's quickly going to go

DR, HALLOCK: The subject of this portion of the session is

what we call the VAS Safety Analysis. I don't expect that in

satety is

vou the

rationale, that Guice mentioned, to at least show you, and, hope-

fully, convince vou that I've approached the problem in a logical

vortex-caused

accidents have occurred in the middle marker to touchdown region.

In tact, over three quarters of the accidents - this comes from

worth of

anding acci-

dents, in excess of eighty-tfive percent of them occurred between

the middle marker and runway touchdown region. Thus, that
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® MOST VORTEX-CAUSED ACCIDENTS OCCURRED BETWEEN
MIDDLE MARKER AND TOUCHDOWN REG ION

® VAS ALGORITHM (THE ELLIPSE) DERIVED FROM VORTEX
DATA COLLECTED BETWEEN MIDDLE MARKER AND RUNWAY
THRESHOLD

@ CAN PROTECTED REGION BE EXTENDED OUT TO OUTER
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Justities, if vyou will, the thousand upon thousands of vortex

tracks that we have been collecting in this region.

Since we have been collecting the data there, that's where

the VAS algorithm, the ellipse, was derived.

Now, one can go ahead and say that, here is a system that
will allow you to decrease scparations from the middle marker to
runway threshold. Conceivably, if vou look at the mathematics,
you will get some benerit but, admittedly, it's going to be
rather small, So the question becomes, and that's the subject
of this talk: Can vou extend this protected region from the middle
marker out to the outer marker? 1If vou can decrease scparations
from the outer marker in, vou're talking about a system where vou
now can get measurable changes well, at least we hope they're

measurable.

tlow do you do this? Well, what I did was to put together a
very mathematical computer model based on what I think happens
with vortices, how they move, how they dissipate, and how aircraft

will, in a very simple manner, react to vortices.

This model has simple inputs to the calculations. How do
aircraft fly the 1LS? We happen to have some data that have been
published ly the FAA, We have made our own measurements at Chicago
and confirmed these measurements.,

How do vortices descend? Well, it turns out we have some infor-
mation since we've measured initial descent rates of vortices. As
you can see, for a 747 we can get means and standard deviations,

which anyone who is trying to do probtability must have.

The other input that we need in this particular model is
vortex decay, and that's why I told vou previously to remember that
one particular slide that showed that the decay secems to be negli
gible for about tifty wing spans behind the aireraft and then

falls off essentially as the reciprocal of time.

The next thing vou need for the analyvsis is the cross winds

aloft. Now that, admittedly, is the most ticklish part of the
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whole calculation. We've gone through a rather rigorous deri

vation of what we think the cross winds aloft are, and we've used

this in the model. VWhat we think the cross winds are when vou
have a green light situation versus what vou have with red.
One of the purposes of taking the laser system out to Chicago to

collect data was to measure the cross winds aloft.

At times when there were no aircratt using the runway where
that laser was set up, we used the laser to collect wind infom
mation What was the wind at 400, 600, 800, and 1000 feet above
the ground and correlated it with what the VAS syvstem was telling

us the wind was,

What I'm trying to show you in this Vugraph are the steps
in the analytical process that l've followed. What I'm reviewing
in this short talk, is a document that has been written and has
been distributed to ALPA, ATA and a number of other organizations
to review and criticize; eventually it will be published as Part
One of the VAS safety anslvsis.

The second volume of this analyvsis will be the analvsis of
the laser data collected at Chicago. There are over five thou

sand cases to show whether, indeed, the model that 1 constructed

is good or not.

What I did is very mathematical using crror functions
that's why I'm not going to go into the math here. But the first
thing I did is ask: What are the ordinary risks accepted in the
present system today? Vhat are we experiencing now with 3, 1, 5§
4 nautical miles? Notice I'm saying 3, 4, 5 nautical miles. I'he
reason is that we're talking about the region of the outer marker

-~ the six-mile separation is for the runway threshold region.

The model is then used to calculate the minimum distance in
nautical miles required to reduce the probability of a vortex
hazard to zero.

hat these numbers on the Vugraph mean, tor instance, is
that for a 747 as the lead aircraft; if you were in a PA 28,

yvou've got to be back around 8% miles before vou'd be at a point




STEPS IN ANALYTICAL PROCESS

CALCULATE ORDINARY RISKS IN PRESENT SYSTEM
(3/4/5 NAUTICAL MILES)

ESTABLISH BASELINE PROBABILITY AS MAXIMUM ACCEPTABLE
RISK

CALCULATE NEW RISKS EXPECTED WHEN USING 3-NAUTICAL-MILE
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where the probability of a vortex hazard would reduce to zero in

my model.

Interestingly enough, I'm happy to say that many of the num
bers on this Vugraph agree with numbers we heard this morning.

Some of these do not, but most of them do.

Another case to point out -- vou remember there was an acci
dent with a commercial airliner, a DC-9, following a DC-10. |
calculated a separation of 2.4 nautical miles. Well, the acci

dent occurred with less than two nautical miles separation. The

cases that are circled on the Vugraph are all numbers greater p
than three, because those are the ones that I'm going to have to :
talk about here; the shaded numbers are the ones that are greater ¥

than what the IFR standards are.

It doesn't mean t(hat just because some calculated values are
greater than the IFR standards that mavbe we don't have the right
standards. What yvou don't have folded in here (I think Joe
Iymczyszyn mentioned it in his talk) is the fact that these vor-
tices aren't staying around; that is, they are moving around.

The winds are blowing them away or thev are descending well bhelow
the flight paths., That's what brings it down to the fact that
we don't have any accidents when the aircraft arve flying at the

3, 4, 5§ and 6 mile separations.

Now that ['ve calculated what I call the risk, what is the
probability of their being a vortex hazard? HFazard to me wmeans a
rolling moment imparted on your aircraft that vou would not want
to accept. The Ames simulations came up with numbers like, 1
believe, ten degrees of roll when vou get near the ground. You
don't want to get anything more than that if yvou're on an I[FR

approach.

We're working with small probabilities; whenever vou work
with small numbers, vou've got to question what vou're doing.
So, what I've done is to use the following technique. The acci
dents occurred with less than 3, 4, 5 and ¢ nautical miles spacings,

so whatever the calculated probabilities for a vortex hazard at




these spacings, let's at least say that should be an acceptable

probability because accidents aren't occurring, and that's what I

call a baseline probability.

Then what 1 do is use my model and ask, what are the risks

when we have a VAS green condition? What I'm going to insist

upon is that when vou have reduced spacings during a VAS green-
light condition, the probability of a vortex hazard must be no
greater than the numbers that we are accepting in today's 3, 4,

S5 nautical mile systen.

In other words, whatever the probability that we are accept-
ing in today's safe system, I'm saying that when you turn on the
VAS and reduce separa*tions to three niles, the probability of
running into a hazardous vortex will be no greater than what you

are accepting in today's system. |

What do we have to do to make sure that we maintain risks
at these VAS reduced spacings, at or below this baseline value?
Well, the first thing we have is, don't use reduced spacings un-
less you've got a green light. The next thing is, and this is
rather important, when using the VAS,the aircraft must use pre-
cision approaches. Ve don't want short finals or localizer
approaches, or VOR approaches. The reason that VAS can get closer
separations is that that vortex has descended well below the .
flight path. [If you're making these other type approaches, you

could be coming in just where that vortex has moved.

Thus, the VAS requires precision approaches from the outer i
marker in. I'd like to reiterate a comment that Myron made
because it is very important. We're always talking about three
miles. Remember that we've got at least five miles separation to
the outer marker. The VAS system is going to gain all the bene-
fit from the so-called accordion effect. Because the first air-
craft is slowing down to land, the controller adds a buffer (an
extra half-mile ¢r so) to the interarrival spacings to insure

that the IFR separations are maintained. i

What we're saying is, vou don't have to worry about the

A - ¥

buffer anymore. You've got to have the aircraft at five-mile
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separations outside the outer marker, but when the VAS is green
g8

the controller can let them close up.

I did all the calculations using three miles as the closest
separation. 1 believe that most of the aircraft are really going
e

to be more like three miles for the 727 following a 727, but more

like four to four and a half miles for a Heavy followed by a Large.

I have to stop here and point out one problem that we have,
a philosophical problem, which I thank Agam Sinha for pointing
out to me. When you are comparing probabilities, particularly
small ones, and try to be as conservative as 1 have in all the
calculations, there could be a possible philosophical problenm.
Without going into the details, we're doing two things: First,
vou don't run into the problem it all you consider are the Heavy
and Large categories of aircraft. According to my analysis and
according to the briet look at the laser data, vou could start
VAS now only for the Heavy and Large series of aircraft and
exclude the Smalls until we resolve the philosphical problem --
that's what we're proposing. The problem only affects the analvsis
for the Small aircraft following Heavy or Large aricraft. We are
looking at this philosophical problem and hopefully if it is
resolved favorably, mavbe by the time the VAS is activated for
the operational test at Chicago, we will be including all the
aircraft.

The next thing that I had to do was to examine the sensiti-
vity of the model. What 1've done is take the models and drive
them to their limits such as having the first aircraft come in
at its stall speed and having the other aircraft coming in at
240 knots. Even changing to these various limits still does not
change the overall conclusion that the VAS should be a safe
system.

Now compare these calculated results to available informa-
tion. That's the primary reason we took the laser svstem to
Chicago and set it up where the aircraft are approximately 700
feet in altitude, and tracking the vortices and correlating

the results with what the VAS svstem was saving. When it was a
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green light, did we see anything that would say that any part of

my analytical model is wrong? Remember, we had four ingredients:
how the aircraft were flying the ILS; how the vortices were moving
and descending; how the vortices decaved and how the cross winds
varied.

All of these quantities are being double-checked by looking
at the laser data. To date, I have seen nothing to say that my

model is incorrect or should be changed,

Two other things are suggested as being possible reasons why
you should think the VAS might be safe. One is VFR. As vou Kknow,
when you operate under VFR conditions, vou are using less spacing
than the 3, 4, 5 and 6 nautical miles and aircraft are safe for
the most part.

As another thing, this is a slide made by Ollie St. John
which he showed at the conference a year and a half ago. What
we're looking at here are the results of an incident reporting
system. The British have had this system for a number of vears
now. Whenever a pilot thinks he has encountered a wake vortex,
he fills out a rather detailed questionnaire. The CAA then gets
detailed meteorological information from the meteorological
office at the airport and the flight data recorder and really

study them to see what happened.

What I've plotted, or I should say what Ollie St. John
plotted, is our VAS ellipse and all the incidents that occurred
between the runway threshold up to an altitude of a thousand feet
above the ground. I don't want to say this is proof of the safety
of VAS because the British measured the wind ditferently than we
do in the VAS. They measure it at a different location, but
what I'm trying to say is that there's nothing here that disproves

that you can use the VAS for decreased separations.

There are three data points which I admit fell outside of
the ellipse. These three data points occurred where the aircraft
were at a thousand feet in altitude. Two of the points are plus
signs; that means the pilot reported a roll angle of less than

ten degrees. To me, I don't find that to be too much of a
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problem, but as a passenger, I must admit, I would think it was
twenty or thirty degrees. The other point was for between ten and
thirty degrees roll as reported by the pilot. 1 underscore that
because other measurements indicate that when the pilot reported
he went through a fifty-degree roll, typically the flight data

showed it was half that.

Finally, we formulate operational guidelines. Primarily, what

I'm pointing out here is that now we're just talking about a

system that will work for a single runway. Remember in my pre-
vious talk, one of the things we were worried about was how far
vortices move. If you have a six-knot cross wind the ellipse
indicates that VAS-reduced separations could be used. But if
you've got a parallel runway that's four hundred feet away, as you
do at some airports, that's no good because a vortex could get
over there. Something more has to be done. This doesn't mean

the VAS can't be used. 1It's just that we have not put in the
logic as vet to permit you to use it for more than a single run-

way application.

MR. TINSLEY: We asked Jim to compress an hour lecture into
twenty minutes. 1 think he did a good job. He'll be around
tomorrow. So, if vou have any questions or want turther expla-
nation on this, he'll certainly go through whatever details

vou would like.

We have Hector Daiutolo with us from Atlantic City, NAFEC,

i
a test evaluation group there. lle's going to briefly go through
H the planning that's gone into the operational demonstration that
we plan to do at Chicago. So, llector?
MR. DAIUTOLO: Thank vou, Guice.
At the FAA's experimental center at Atlantic City, NAFEC,
the role in the VAS program is two-fold; first, to provide an
| evaluation of the system during its operational demonstration
| . :
| at Chicago O'llare, and to previously have tested its procedural
| implications -- the procedural implications of implementing it
:

in the O'Hare environment through air traffic control simulation.
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This was done in 1977. Today's briefing will concentrate,
as Guice had mentioned, on the elements involved in operational
evaluation and the conditions that may present themselves at
Chicago O'Hare. The simulation results, though, bear fairly
heavily on this, and constant reference will be made to those

results.

Fhese are the elements that might make up the operational
evaluation. The svstem is being evaluated for operational

suitability.

A further breakdown. The gross check for effectiveness of
the VAS system, as mentioned by many of the briefers today, is
the increased arvival rate, that is obtgined with the systenm
during the green condition, when it shows the green reduced

separation condition.

I'hese are some of the elements that might be listed under
procedural implications. Controller pertormance and controller
workload have already been tested by simulation with very favorable
results. It goes almost without saying that controller accept
ance and pilot acceptance were not tested in the simulation; they
being merely inherent in the very ground rules by which the simu

lation was run.

Fhe elements involved in system veliability and maintaina
bility are listed. Today's briefing will concentrate on effective
ness and procedural implications, and the things that are more
unique to VAS. In the long run, it may wind up that the relia
bility and maintainability study is not particularly unique or
ditferent trom the evaluation of those same things with other

systems.

Ihese are some ot the Jdata sources that will be tabbed.
Fe'll only point out the very most important ones. In the
VHare tower, the radar tracking tapes will tell virtually the
omplete story., How the various class pairings of airvcraft are

irated with and without VAS.
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® EFFECTIVENESS
= INCREASED ARRIVAL RATE
© PROCEDURAL IMPLICATIONS
= CONTROLLER ACCEPTANCE
= CONTROLLER PERFORMANCE
= CONTROLLER WORKLOAD
= PILOT ACCEPTANCE
© RELIABILITY AND MAINTAINABILITY
= ANALYSIS OF SYSTEM MALFUNCTION
= MAINTENANCE REQUIREMENTS

ON-SITE DATA SOURCES

© O'HARE TOWER
= DAILY LOGS
= ARRIVAL DEPARTURE REPORT
RADAR TRACKING TAPES
© CHICAGO CENTER
= ARRIVAL DELAY REPORT
© NATIONAL WEATHER SERVICE
= SURFACE WEATHER OBSERVATIONS
© TSC DATA AQUISITION SYSTEM
= VAS INDICATIONS
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Down at the bottom of the Vugraph, the VAS indications are
vecorded by the TSC Data Acquisition System. What VAS is saving --
not only on the runways in use, but on all the runwavs, it will
present the VAS secnario as seen by the controllers at any given

time.

Some additional data sources that are self-explanatory,

Again, we've emphasized the fact that the final approach
spacing are the very Kkey to the measure of svstem effectiveness.
Counting the aircraft does give you the gross measurement, but
vou can tell where the game is‘hoinx won or lost. The spacings

will tell virtually the complete story.

Those spacings, augmented by the final approach speeds, will

give you the arrival rates anyway.

AIl this has to happen in some kind of envivonment. The
elements listed in the Chicago O'llare environment -- some of
them that will be examined during the demonstration, are listed
here. They provide more or less the elbow room within which VAS
has to work. The data sources that you saw a little earlier have
already been tapped to provide a bascline as to what that elbow
room might be before we actually go ahead and demonstrate the

system.

We'll take a look at some of those. First, the arrival

rates. Arrivals per hour over a typical day at O'Hare in 1977,

during what might be loosely called the daylight hours. Notice ;
that the traffic peaks in the afternoon, between one and three
and between four and seven.

Examination of the radar tracking data show that indeed at
these times, the various class paivings of aircraft do approach

the prescribed current minima, separation-wise. Any pains in

arrival rates at this point or at these times are dependent
entirely on a system such as VAS,

In the morning there is still some latitude within current
prescribed minima where gains could be achieved., At these times,

VAS may not show maximum cffectiveness., The afternoon hours will
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show the maximum etfectiveness. So, we're talking about five hours

out of twelve, perhaps forty-some percent of the time.

Looking at the distribution of visibility conditions by per
cent of time over the scasons, we can't exactly say last year was
necessarily a typical year, but the patterns are rather similar,
Note that -- Well, starting first with the IFR curve. In instru-
ment Flight Rules we have complete control of the traffic by the
controller. Generally, the visibility is less than three miles,

and ceiling less than a thousand feet.

Just above that, we have the lower limits of the VFR which
are technically the VFR conditions. Visibility less than 5,000
feet and ceiling less than 3,500 feet. Again, technically,
these are VFR conditions, but under these conditions at O'llare,
visible approaches arve not approved, sco that the operations are

essentially IFR in nature.

The TFR in non-visual approach conditions comprise the con-
trolled approach conditions, where the controller virtually has
complete control of the aircraft to touchdown. It's under this

situation that VAS is expected to show again its maximum gains.

Under VFR, at the top, control of the aircraft is passed off
much earlier in the landing cvcle. The pilot is cautioned on
wake turbulence and he has already at his option the ability to
close the gap to three miles. Not too much is expected there, if

the system will even be used under VEFR, It probably will not.

Examining the VFR curve then, it more or less gives us the
percentages of time more easily than summing the other two, but
VAS is expected to show maximum effectiveness: in the winter,
about forty percent of the time; as you approach the spring

and summer, perhaps about twenty percent of the time.

If we combine those percentages and overlaid the percentages
of the arrival rate condition, we're winding up with periods of
time for VAS maximum effectiveness, not just any effectiveness at

all, but maximum effectiveness of about sixteen percent in the

winter, and about eight percent in the spring.
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These statements are not intended in any way to demean the
value of the system. Even under these constraints, the various
resecarch analysts have presented analytical studies that showed a
system can pay for itself many times over within one vear. They
only serve to highlight the fact that if someone is doing the
evaluation for system effectiveness, it's important to be very

selective about the hours that are actually examined.

These are some of the favorite runway configurations. By,
all non-visual approach conditions, we were including the I1FR.
The second and third of these were selected in the simulation.
They actually rank very close. There's little to choose between

them.

The point to emphasize here is that if some kind of statisti-
cal base is to be achieved in the evaluation, favored runway con-

figurations have to be considered.

The O'Hare traffic mix -- It's self-explanatory, what that
means with respect to how VAS might operate at Chicago O'llare
specifically. This is the matrix vou've seen several times today.

The current prescribed minima.

Now, VAS is operating and VAS is green. We do separations.
The first thing that happens is that a Small aircratt can be
treated similar to a Large. The requirement that a Small air-

craft be in trail of a Heavy at six miles and in trail of a

large at four miles only applies when the lead aircraft, the

Heavy or the Large, is over the threshold. When VAS is imple-
mented in Chicago O'Hare, it's expected that it's sphere of in-

fluece will at least extend to the outer marker.

So that lead aircraft will be touching down in a zone for
which the system says, no vortex. So this becomes the matrix,

Gains here, ecven with this small increment, can be between
one and two percent in the arrival rate.

Looking further, it is in the ultimate resolution of the
aerodynamic question, it's determined that aircratt can only

pass below the prescribe minima in se¢parations between the outer
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marker and touchdown, then these separations have to apply, as
Doctor Hallock pointed out, when the lead aircraft is over the
outer marker.

It is only the natural compression that occurs between outer
marker and touchdown by virtue of the speed reduction profiles,
the trail overtaking the lead, that gains will be achieved, and

that will look something like this, in most likelihood.

These probably will be the minimum separations achievable.
We get this from the fact, the known fact, that a study of the
tracking data shows that aircraft overtake each other at O'Hare
almost regardless of categories from between one sixth and one
eighth of a mile. This is also verified in simulation. This
isn't expected to change with VAS, because no speed control is
contemplated on behalf of VAS between the outer marker and
touchdown.

Now, again, if in the ultimate resolution of the aerodynamic
question in the area outside of the outer marker, if consistency
of vortex descent and ability of the aircraft to stay within
prescribed minima in the flight path locations, the system may
prove itself to be safe in the whole terminal zone. This really
was the ultimate goal of VAS. 1It's probably still an open
question whether it will or will not be shown to be the case.

It's under study at the present time.

If that happens, the ultimate goal is achieved and all air-
craft come in at three miles. By the way, the gain on the pre-
vious Vu-graph with the dual set-up for separation criteria was
about four percent.

Now, we're getting into the seven percent range here. This
is the same matrix. We're looking at it a little bit differently.
With respect to percent of occurrence, notice that 78 percent of
the traktic at O'Harg already comes in at three miles, so that
VAS will be address'ag 22 percent of the traffic. Twenty-two
percent of the t'uf}lf, a maximum of about sixteen percent of

the time for maximum effectiveness.
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These are the speeds taken from radar tracking data and
verified in the simulation, at outer marker and at touchdown. \nd,
'

again, it's important to emphasize that these are not expected

to change when VAS is in operation,

\ little bit more about the simulation. \gain, it was used
to determine procedural implications, controller performance,
and controller workload. It's important to note that the air
traffic control simulation facility at NAFEC can only duplicate
air operations. Ground control is not part of that simulation.

Some important statements follow based on that.

This is the facility at NAFEC where four of the air operations,
just about everything from center handoft to actual touchdown can
be duplicated, even to the point of eXxercising some inner relation
ship between arrivals and departures on a runway, but again, ground

control, itself, cannot be simulated.

lhese were the items used to monitor the experiement. When
these things showed up, the experiment was going well. then the
arrival rates were in the seventy-per-hour range, we knew the

system was saturated.

When the VAS green gave increases of three to six operations
per hour, we knew that the controllers were using the VAS pro-
perly. The increased arrival rate was actually an output of the
simulation. The reason we haven't emphasized that is because of

ground

the point we just mentioned. Since the all important
control was not part ot that simulation, we prefer that no inter
ences be drawn that these increased rates will, necessarily, be

achieved at Chicago 0O'Hare. They may be.

Ihese are the results of the simulation. It we had to dis
till all the findings down to one statement, it would simply
be that no procedural implications emerged that could possibly
deter the implementation of that system at the present time at
Chicago Q'Hare.

\s far as the controllers were concerned, it was business

ettty much as usual =~ As a matter of fact, it was clearly
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Simulation of VAS

in Chicago O'Hare Terminal Environment
NAFEC 1977
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demonstrated in the simulation that most of the action of VAS

is not in the tower along the final approach monitor, but in the

TRACON as handled by the arrival controllers.

Separation violations showed no tendency to increase, nor
did controller workload. There was a lot of anxiety about a
transition of separation modes before the simulation. This ad
dressed the situation where controllers may be using the VAS
system on a given set of runways, It says, green; the traffic
is closer together, based on that green indication; the system
suddenly changes to red. VWhat is involved in that transition
of separation modes from the reduced VAS separations to the con-

ventional prescribed minima?

lhat was looked at two different ways. An orderly transi-
tion, assuming that the system had a buffer in it that would give
the controller some indication of an in-between zone and then it
wias exercised with no buffer where the green went instantaneously
to red, and the controller was confronted with an instantaneous
change -- The way they prefer it, from the indications of the
O'Hare controllers -- It was found that an orderly transition

could easily be accomplished in five minutes.

As far as the instantaneous transition was concerned, most
of the time nothing more had to be done than an orderly transition.
The reason tor that was shown in one of the previous Vu-graphs,
that 78 percent of the traffic already comes in at three miles.
Many situations presented themselves. There were very few air-
craft, if any at all, at the given time that the change occurred,

were really committed to a VAS separation.

The worst that ever happened was one missed approach which
was exercised outside the outer marker. Although it didn't
happen in the experiment, it's conceivable that two missed
approaches would have to be exercised, one on each arrival runway.
That would be the absolute maximum condition that could possibly
be expected. The simulation served to highlight the fact, though,
that quite often an aircraft inside the outer marker was committed

to a VAS separation when the system changed from green to red.
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These were permitted to land and it's generally felt that the

svstem should be designed and used so that this can actually

happen in practice.

Pilots, most of all, find any missed approaches inside the

outer marker, most objectionable,

Back to the on-site demonstration. This is the tundamental
question that will have to be answered. Ve've already mentioned
that the radar tracking tape data almost does the job for us.

What it does noet do, though, is tell us it the system is not being
used, why not? Are the controllers being conservative with it? .
\re the pilots rejecting VAS separations? Is there something in
the ground control situation that backs up into the air? These

are the questions that will have to be answered on site.

Hidden behind this guestion is another vital one. How

seriously will the controllers take the VAS indications in the

B

selection of runways? Will they actually select runways based on
VAS green indications? Will they actually make a change of
runways?  For example, that condition in the transition of separa
tion nodes I[f they ave acting on a runway that changes to red,
will controllers consider a change of runway configuration to take
advantage of some green runways that may present themselves? This
is going to be a vital question at O'Hare and it's important as
to whether that system will rank with the other factors in a

runway sclection process.,

lhe developers pointed out many times that a vast majority
of the time, some runwayv contiguration will be showing a green.

The guestion is, will the controllers get over to it?

I'm not going to point out anything particularly special
about that Vu-graph, That's merely arrivals taken from the
simulation on parallel fourteens. There's one aircratt in that
pack that's committed to a VAS separation. Rather than going
into that in detail, the Vu-graph merely acts as a back-drop for

what might be the concluding statement, and that is as much as

has been learned about the VAS svstem through analytic study by
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MR. TINSLLY: Bill, you've got 19 minutes and 30 seconds to

talk atout VAS enhancement and future sensor design.
MR, woobD: Thank you, Guice.,

First of all, let me address the subject of enhancement and
then 1'11 take vou on-whirvlwind tour of the development of sensors,
trving to point out some¢ of the things that we've learned about the

' 1

sensors we've used at the various airports and they cannot be used

In an operational environment.

Rather than describing the things that are all positive about
the sensors, we'll address why most of them are not adaptable in

today's environment to an operational airport.

Considering the enhancement of VAS, vou'll remember in the
movie where they talked about 65 percent utilization effective
ness, Fhat's the maximum amount of time that vou'll get to use
the VAS reduced separation looking at ten vears of wind data.
That sayvs, that the amount of time that the wind will be outside
the inner ellipse or the green part of the diagram, the green outer
part of the diagram, such that we can bring the airplanes in at

three miles.

That's not very much when vou stop to think about all the

other considerations that have to be taken into account in bring

ing the aircraft in. Therefore, what we're tryving to deo is find

out if there are other things relative to the VAS, which we have
not considered vet, which can be implemented to increase its

grrectiveness,

I vou'll recall in the movie, we talked about only the
transport of the vortex due to wind. We've not considered any
other element in that algovithm ov in the svstem. We've scen in
data from J.F.K., where we did a lot of measurements for several
vears, that there are things like turbulence that drastically
affect the vortex while the algorithm would tell you it's a red

condition.

Fhe vortex is dying rapidly. 1It's breaking up. It's not

persisting in that corridor which would be of concern to us, but
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we don't take that into consideration. We do not consider any
decay of the vortex. We take into consideration only the transport.
lTherefore, if we take a simple measurement of turbulence, with a
third axis anemometer, we can factor that decav consideration into
the algorithm, take the amount of time that the svstem would then
be green with turbulence consideration, and raise the effective
ness up to about 80 to 85 percent A fairly significant increase

for an addition of one simple sensor.

We measured this phenomenom with a device called a pyranograph

at J.F.K. which looks strictly at cloud cover. During the time

that you are getting normal heating of the atmosphere and subse
quent heating turbulence, we found that the vortex would disappear
rather rapidly. It wasn't being blown out of the corridor. It
was being broken up due to the normal atmospheric heating turbul- 3
ence. Therefore, we feel that we have a very good possibility of

incorporating some of those tvpes of measurements into the system,

5 TR

thus gaining effectivity.

We also want to look at what can be done to predict to the
controller when conditions are changing to red so that he can take
steps to move the aircraft around and not get into the missed

approach situation. That's one of the biggest criticisms we've

had so far, and it's one of the things that Hector addressed.

If Chicago spaces its aircraft on final approach anywhere
from sixteen to forty miles out, vou don't want to be to pulling
aircraft out on missed approaches inside the outer marker. There
fore, we'd like to find out if there are other ways that we can
predict when that system is going to change to red, so that we
can pull the aircraft out, space them properly back to the 3,4,5
and 6 miles and keep the operation normal without going into the

missed approach mode.

Those are the two primary things that we're looking at as far
as VAS enhancement. When we talk about VAS, 1 want to re-emphasize
that it is strictly advisory. It does not detect and track a |
vortex in any way, shape or form and it only tells the controller

when he can reduce separations, nothing else.
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It doesn't tell him positively the other side of the picture
as to whether the corridor is positively clear. He deduces that.
[t tells him only when he can go to three miles. The sensors that
I'm going to talk about now are ones that we've looked at during
the development stages of the program. We've looked at detection
and tracking, trying to learn more about vortex behavior, the
dynamics of vortices, and how these parameters might be applied to
the WVAS, which would take into consideration detection, tracking

and prediction.

Sensors could give positive identification of where the vortex

is in the terminal area, positive input to the pilot about whether

lke's going to see it or miss it, and some positive means of telling

whether he's got to make a missed approach and get out of there,

or whether it's safe at the last instant.

We're not sure that we know how to use those parameters in a
svstem yet; we are not sure we can get a sensor that will meet the
system requirements. We've come close. We know several of them
are fairly adaptable to the environment, but we've got other
things to do with them. 1'l1l try to go through those rather
rapidly.

First of all, if you look back a number of years, to the
first part of the movie, you saw some photographic techniques.
Actually, these were done at NAFEC in the very early days of the
program. The smoke tower in Figure 1 was used to get a visualiza-
tion of where the vortex was. We had no other means of finding

it.

On the ground down there in Figure 2, hardly-visible, there
are a couple of sensors which I'l11l talk about a little later. One
being an acoustic sensor, which is the one in the foreground. The
little signs with numbers were put there so we could correlate
with photographs where the vortex was relative to the sensors.
Therefore, we could look at a positive identification of a vortex

position relative to what the sensor told us.

Those were the very carliest sensing techniques that we used.

The pulsed acoustic sensor was able to give us, very much like a
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radar, the altitude and lateral position of the vortex.

The smoke technique vou see in Figure 2 naturally cannot be

used at an airport because of pollution problems,.

Figure 3 shows the combination we used at NAFEC. It had
simple anemometors, which we still use today, the sign for photo
graphic techniques, and the wooden frame work device which was a
pulsed acoustic transmitter and receiver. It sent an acoustic
signal into the reflector and back up to the vortex and as it
impinged on the vortex, it was bent back to the ground; there a
receiver on the opposite side of the vunway picked up the signal.

The anemometers in a arrvay as shown in Figures 4 and 5 give
an indication of vortex position by a simple technique. There's
the ambient wind level on the anemometer as a constant signal.

We get an indication of a vortex crossing that anemometer and con-
sequently the opposite vortex on the opposite side as shown by the
positive and negative signal change. IThrough a very simple fixed
axis anemometer we are therefore able to measure the position of
the vortex, but we have to use a large string of anemometers, and
vou have to do a lot of detection processing with computing
devices later.

We found that a computer is not very adaptable to tracking
the vortex signals simply. 1It's a rather complex processing
scheme to positively detect and identify where that vortex 1is
without any false alarms. There's a lot of noise in those types
of systems using anemometors, and there are a lot of discrepancies

when vou try to computer process that kind of data.

It's very easy to sit back and pick out where the vortex is
when the data is run out visually so an eye can pick out where it
is. [t's not a simple process for a computer.

Figure 6 illustrates a simple reason for not using anemome-
ters. That's one of the Gill anemometers down at J.F.K. In con-

ditions of very light winds, it gradually came to a halt with the

ice on it.
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Figures 5 and 8 are of J.F.K. You'll see the complexity of
the system in Figure 8. Every sensor that we've tried is shown in
Figure 8 including the pulsed acoustic system (PAVSS), the ground
wind anemometers of which there are several lines, and these little
devices back here which Jim talked about earlier, as being the
mono-static acoustic sensors (MAVSS). They look vertically in a
narrow beam up into the vortex, but again, the vortex must be
moving across that path in order for this sensor to be of any

value.

The pulsed acoustic sensor shown in Figures 9 and 10 suffer
from the problem of the acoustic signal going up into a tightly
wound vortex and coming back in the proper position in the
opposite side. However, when you get a loosely formed vortex,
such as you might see in a 707, the signal goes up into the vortex
all right, but it comes down a long way beyond where the receiver

1S.

We have problems when we look at different types of vortices
with the same type of acoustic sensors. The pulsed acoustic sys-
tem was dropped after our experience in London -- We had too much

difficulty in trying to process the data for whatever it was

worth.

The mono-static types are still very valuable in scientific
research to look up into the atmosphere and measure the strength
of a vortex at relatively low altitudes. At two to three hundred

feet above the ground, we were able to see the vortex and by look-

ing at a series of those devices, we were able to find out where
the vortex is relative to the acoustic array, then look up above
the sensor and measure the actual velocities aloft and change

that over to a strength measurement.

The entire scheme at J.F.K. was built to look at vortex
behavior and also to assess these various sensing techniques.

Figure 10 is a schematic of the pulsed acoustic device, and
all 1'11 say here is that you can see the acoustic signal being
transmitted up toward the vortex properly and reflected down. If
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this was a looser-wound vortex, that signal would go up and come
down over here instead of hitting these receivers, By using the
one transmitter and two receivers, we define a locus of points
which are on anellipse as shwon in Figure 11. By using the second
one, we get anotherellipse, and we can find the inner section of

those ellipses and give us a location of the vortex.

Figure 12 is a picture of the pulsed acoustic units, a low
mounted one and a high mounted one down at J.F.k., and Figure 13
is a picture of the data that came from an L1011 from the pulsed
acoustic sensor. You can see we have the ability to see a vortex
going to both sides of the runway as depicted here. [It's moving
out 1n the c¢lassic manner from both sides, and 1t came down and
went back up in altitude. We were then able, with that data
computer processed, to find the vortex location in both altitude

and horizontal position.

lhe next sensor we looked at, shown in Figure 14, was an
adaptation of the pulsed acoustic called the Doppler Acoustic,
where a CW signal from a single transmitter is tanned up into the
atmosphere and the backscatter in narrow beams is looked at with
single receivers, some twelve or thirteen of these receivers in
an array. Using one element, shown in Figure 15 as a single cone
transmitter and multi element receivers in a single array
we were able to look up into the atmosphere. In each cone, as we
range-gated them, we were able to find the Doppler shift in each

small element vertically above that reciving sensor.

One of the problems with the Doppler type device 1s that it's
very sensitive to background noise. [t takes four transmitter
receiver combinations in order to cover the approach zone of the
airport as shown in Figures 17 and 18. I'he beams are SO narrow,
we have to fan four systems across the airport to cover the
approximately three hundred foot corridor that we're interested
in. So they're not very practical, plus they suffer from rain

noise and moisture problems.

Figure 16 is a schematic rvepresentation of the same device

where we put a transmitter and receiver on both sides ot the
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runwayv and look at the intersecting volumes as shown. It's just
another configuration of the same sensor.

)

Figures 19 to 22 shown the mono-static acoustic sensor.
Figure 22 is the sensor that was used out at Rosemond Lake for
measuring vortex strength. [t's the same one that's currently at
O'Hare and that was used at Toronto. [tts been very effective in
looking up into a very narrow beam and measuring the velocities of
the vortex in the beam. The vortex must move over the sensor for
it to function. You can't put those boxes in the middle of the
runwav. Conscquently, operationally vou have no means of finding

where a vortex is when it's over the runway.

If it never comes out of that corridor, out to the side of
the runwayv, and doesn't get over one of those sensors, vou don't
have any idea where it is or how strong it is. Similar problem
with the anemometor.

When we later looked at the laser, its ability to scan over
on the side and look over the runway has helped us in finding out
what happens to vortices in a takeoff situation when we must look
over the runway.

Figure 20 is a picture of the data that is received from the
mono-static sensor. Figure 22 shows the mono-static sensor
installed at Rosamond Lake when we did the 747 alleviation test
with NASA.

In Figure 21 you see the vortex centered in about the 120
foot altitude. Right in this area. This is the vortex going
over that sensor. The rest of this is just ambient noise. You
can imagine what kind of problems a computer has trying to

pull that signal out of the noisc in those different vange gates.

Looking again at anemometers, Figures 23 and 24 show the
devices that are mounted atop the tower which vou saw in the VAS.
They are the Bendix Acro Vane sensors, harvdened sensors that are
able to withstand the envirvonment. We usced a Climatronics sensor
in the R and D svstem in Chicago, and found out that vortex
impingement on the towers was tearing the cups off the ancemometers,

ylus we were having some clectronics problems as well.
! !
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lhese devices have been tested in extremes of climatic con
ditions and are very reliable sensors. Fhe one thing that we find
ts that 1t we do have to go to a turbulence measurement, the

Bendix sensors are ineffective. We will have to go to some othe:

type device.

The Gill lightweight anemometers, which vou saw frozen up,
suftfer trom bearing problems. They will not withstand the
atmosphere over a long period of time. Therefore, when we talk

about using operational systems, we're faced with devices like

this which must be looked at for high reliability electronics and

the ability to withstand the atmosphere that we're subjected to.

This includes all kinds of things such as dirt, rain, snow,

etc., and the Bendix sensors have performed; the others have not.
'he next device which we looked into and have used very

effectively is the laser, which vou may see outside. Figure 27 is

& Schematic of the system optigs. The laser, itself in Figure 2§

is this small device here on the table, and it has a primary
secondary mirvor in this area which in turn reflects up through
the scanning optics through a hole in the ceiling and on up into
the atmosphere. 1'11 show vou a schematic of the different scans
that we are able to use, but this is a picture of the system.

This is the optics part of it on this side. The electronics on

his side.

Bastically, the processing equipment is a DEC PDP-11. The
scanning electronics are all mounted over in this one console in
the center of Figure 29 and Figure 30 shows the computer at one
end of the van shown in Figure 31 and the optics are contained

at the cab end.

| Fhe problem with this device operationally is that it con

stantly requires two people to maintain it. 1t has frequent

failure problems in the laser, and the optics are very diftficult

o maintain, e
Untquely encugh, we tound that in the atmosphere when we werve |
in Chicago last vear, that the differential of temperature between !
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the upper surface and the lower surtface of the scanning mirroi
apparently deflected the mirror enough to cause the range to go
significantly out of the realw of reality, and it took us a long
while to find out that a few micro-inches of movement in that
mirror were enough to cause us to get strange signals returned.
The device has been very, very etffective in scientific rescarch in
looking at vortex bhehavior. In the atmosphere that we found in
foronto, where vortices descended in over the runway during depan
ture, we were never able to find them coming out of that departure
corrvidor. Thev never came aver the anemometers.  We must {find out

what happened to them.

This is a device that will do it. It will look out over the
runway without any Kind of obstruction on the runwav. We can get
to a range of about 2300 feet with that and effectively measure

wind or vortices.

his is a CN laser, by the way, not a pulsed one. We've used
pulsed laser in looking at wind profiles around an airport and

for storms, but not for vortex reasons,

The scan that we used to collect data is what we call
a VAD scan, looking aloft for wind profile measurements., U we
come over to the side, we're able to look at vortices. One of
the problems with this type of device, operationally, is that it
vou start looking out and tind the vortices dropped here, and one

is behind the other one, at longer ranges the range resolution

hecomes so poor that vou don't rveally know what vou're looking at.

There's a problem looking through one vortex to another.

nce the vortices are overhcad, as we saw at Rosamond very,

very effective. The data that we got there was some of the best
we've ever seen. The device was used at O'Hare very effectively,
up to about six to nine hundred fect altitude very good tracks

from it, but, again, not an operational device. It suffers from
weather problems,

The device is very, very temperamental as far as operational

use, but the device has been effective for scientific rescarch,
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Okay, here are a few pictorials of the inside of the van.
That's the computer at the end (Figure 30). This is the scanning |
q
electronics (Pigure 30). That's the computer display inside
(Figure 31). Again, the man has to be in the c¢ircuit in order to

make this thing work. We have to physically locate the vortex by
hand. We cannot find it with the computers. We've tried. We've
done it many times, and we have not been able yet to get an effec
tive tracking algorithm to follow those signals.

3

These are pictures of the scanning optics inside (Figures 32 i
and 33). You can sece the sjize of the mirror that we're talking M

about, the secondary mirvvor and the primary mirror. The optics

on these are very, very sensitive, and very easy to damage.

\gain, inside the van on the left is a large white tank for
nitrogen. The detector on this system (Figure 32) has to be hand
filled. \ man actually takes a cup of nitrogen every morning and
goes out and cools that detector, and it last for a full day
not very effective for an airport, but the device has been opera

tional as far as our use in vesearch.

Figure 32 looks at the tail-end of the laser. This shows the
detector that must be cooled and the optics which actually bend
the signal around back to the detector. The laser beam is the
square box on the lefthand sitde with the hole coming through here.
The laser beam actually comes out through here and is transmitted

back out through those optics.

Well, that's kind of a whirlwind tour through the sensors,
but effectively 1 think we can sav that if we had to pick a sensor
todavy an operational sensor we'd lean toward wind sensors.
Neither laser nor acoustics have proved cconomically practical.
Fhev haven't proved techiically Ceasible from our standpoint tor

an operational sensorv,

We feel that the anemometer has promise. We haven't yet
learned how to measure strength with an ancemometer, although we
feel it's possible. We haven't vet learned how to monitor a track
with an anemometer and get positive identification of a vortex and

not be fooled by noise and other ambient turbulence.
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i We feel that it's within the realm of reality. We've worked

on a tracking algorithm with M.I.T. and have one that we feel is

r near being operable. I think in a short period of time, if we

i were pushed, that would be the device we would lean toward.
Thank vou.

MR. TINSLEY. We don't have time for questions now. If you
have questions and you're not going to be at our workshop tomorrow,
1 get them to us any time, and if they are of general interest,
we'll address them and answer them in the close-up tomorrow

afternoon.

[f vou just want to personally talk about something, we'll be

here, of course, for the cocktail hour and then all day tomorrow.
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DR. TYMCZYSZN, JR. : This is the operational session. 1'm
in Flight Standards Service at FAA Headquarters in the Air-Carrier
Division. I'm an Aviation Safety Inspector for Air-Carrier Opera-

tions.

My dad's an Engineering Flight Test Pilot in the Western
Region Certification.

Gene Barlow, who will be our first speaker is an Air Traffic

Controller with a Terminal Operation Specialty.

Gene's been in terminal ATC operations for over twenty-five
years. He was at Washington National for thirteen years as a
controller and a supervisor; four and a half years at Dulles Tower,
as a supervisor; eighteen months as a deputy chief of the Houston
Tower; and then three and a half years at Washington Headquarters

in the Aircraft Operations Division, Terminal Branch. Gene?
MR. BARLOW. Good afternoon.

This morning on the airplane coming up on Delta Airlines, I
saw their company magazine. I picked it up and leafed through it,
as customary, and there was an article in there by an author who
has questionable credentials. It said he was a free lance writer
and part time magician. 1 don't know what significance that had,
but the article was on memory. It went on to say what a wonderful
piece of machinery the human brain is, and that it retains just
about one hundred percent of everything a person experiences in
his lifetime. Though most of it is in his subconscious, it does

retain that. So, it is quite a remarkable piece of equipment.

It also went on to say that the conscious mind will retain
about ninety percent of everything it sees visually. This is done
by a number of tests, similar to some of the tests that these
gentlemen have gone through today and it indicates that the spoken
word to a person is only -- Well, only about ten percent of that
information is retained, and for that reason, folks, 1 don't have

any visual aids today.

Okay. 1'm speaking primarily for the Air Traffic Service.
As it gets right down to the bottom line, what's it going to do
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for us in the air traffic service? What's it going to do for the
pilot? I will keep my remarks rather brief, as I don't have a

whole lot to say at this point in time.

What will the VAS do for those of us in air traffic? The
experts that you have heard today say that it will increase the
runway capacity from, I believe, three to six aircraft per hour.
In AT we don't know. We're just going to have to wait for the
test results and see what that does. So, we cannot confirm or

deny that.

What do we know about the VAS? From what we've been told
and so forth, keeping in mind it is not currently operational
at O'Hare nor has it been at this point, we know that seventy
percent of the traffic landing at O'Hare is in the three mile
category right now. That is a minimum of three miles. You're not
always going to find them at three. They're going to be three,

three and a half, four, and sometimes five.

We know right now from ten yvears of resecarch that the surface
winds, based on an annual cycle, indicate that we will have a
green light condition about sixtyv-five percent of the time, the

daytime hours for the most part.

The next item that we know, and this is because the decision
has already been made, we have three categories of aircraft:
Heavy, large and Small. Small aircraft will not be included in
the VAS separation standards. There's not enough safety
analysis -- at this point in time -- to support our reducing that
separation from the present five miles on final approach to a

minimum of three.

It would be tough for the Cherokee to catch a 747 anyway in

that five or six mile distance.

| Analysis of the safety factors are presently limited to the
| area from the final approach fix outer marker to the runway. So
what does that mean? That means, we're only going to apply VAS

separation from the outer marker to the runway.
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Non-precision approaches cannot be used with the VAS separa
tion. Why? Very simple. Non-precision, the pilot gets to the
outexr marker, if he's, say, making a localizey approach, and he
dumps it to his MDA, he's going to be down below the vortices, and
that can't be tolerated, so non-precision approaches will not be

permitted.

: \nother problem or another situation that we know about, run
way occupancy during wet rvunway conditions and strong wind condi
tions 1s increased, and when this 1\ increased, it's natuyval for
the controller to increase his separation, even over what we have
now, because he knows the lead aircraft is not going to get off
the runway. That's a consideration.
VFR conditions. I don't think anvthing has really been
decided on that. A gentleman a while ago in his speech said that
there might be a likelihood of this equipment not being used in
VFR conditions. 1 don't have a feel for that, but I don't see
why not because we run just as much traffic in VFR conditions as
we do in IFR and sometimes more. At O'Hare, in particular, the
way they handle visual approaches is a little bit different from
the wayv that they handle visual approaches at other locations
because they control these airplanes.
fhey put them on a base leg, tell them when to turn in, and
tell them when to turn final. They have more control over them
| than normal visual approach-type operations.
% One of our concerns is, that the pilots who are making visual
| approaches today behind the heavy jet, may want to know what Kind '
of VAS light condition exists, if it's red or green. If you say, '
il red, he might think twice and ask for more separation. ‘l

Okay, surface congestion has been mentioned twice todav. Of
course, all of this is an integral part of the whole operation. |
VAS won't work without everyvthing else working along with it.

Additional capacity will compound our surface congestion problem.

Not too long ago I was at Atlanta, and one of the carriers

called up and said, "Hey, we don't have any more gate space.,"
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The Tower said, '"We don't have a place to put them on a runway or

on the taxi-ways either." So what do they do, they go on the hold
for every airplane belonging to that carrier because they didn't

have any gate space.

Another situation., If the lead aircraft is a Heavy, and he
elects to go around, or execute a missed approach for any reason,
gear warning, hydraulic problem, plain old-fashioned missed
approach, if the trailing aircraft is a non-Heavy and his separa-
tion has been reduced below the normal five mile separation because

of the green light condition, then we must send him around, too.

S0, you've got two for the price of one on that one. If the
trailing aircraft, following a Heavy, is inside the outer marker
and the light suddenly changes from green to red, then he must go
around. I'm contradicting some of the things that have been said
previously, but these are things that have been determined at a
later date.

What kind of AT procedures are we going to use? Well, I've
spoken to that just a little bit. Outside the final approach fix
it is going to be business as usual. Safety analysis is not
available to support us reducing separation beyond that point at
this time.

Joe will speak to that in a moment.

We have situations where there's a need for level flight for

speed adjustment and spacing and stabilization on the localizer,

et cetera, therefore, we're going to have to have the separation
unless we can come up with some analysis that savs we don't.

This system will not guarantee that air traffic can keep a
trailing aircraft at a higher altitude, because of that reason.
Now, realistically and logically if everbody's on the guide slope
from twenty miles out, it would seem that vou could close the
interval up. At this point in time we really can't guarantee
that.

Final approach fix to the runway. Our position in that is

that a minimum of three miles radar separation can be authori:zed
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for Heavies, behind a heavy and a large behind a Heavy landing,
making it touch and go, or stop and go on the same runway, when

the VAS indicates a green light condition.

While we're talking about the runway, I would like to make a
comment. [ believe Hector made one ecarlier about runway selection.
There was an inference that it might be possible that the control-
ler would select another runway configuration because of a green
light condition. I believe that's not a likely thing to happen
at Chicago for a lot of reasons. In particular if you change
runway configurations at Chicago, the delay that you would incur
just by changing runways would be far greater than any benefit

yvou'd gain from using a green light situation.

Next question. From the outer marker to the runway, how are
we going to get from five to three miles? Okay, probably never.
We guess probably four, four and a half miles will be the lowest
separation that you would be able to accrue in that period of
time. I think the important thing there though is the fact that
in the green light condition, you can be assured, pretty well,
that it's going to be a safe approach, and that's probably the

most important aspect of it.

What will cause this? It's compression, at 0"Hare, in parti-
cular, they tell everyone to maintain their speed, 160 knots, to
the marker. So when they get to the marker and they start dump-

ing their garbage and coming back on the power a little bit, and

cross the threshold, 130 to 135, depending on the type of equip-

ment, [ suppose. So, you will get some compression out of that.
Tf we can use that, the controller will not have to use a buffer

that he uses outside and announce that at five miles, he uses
five and half or six to take care of that compression. He can

pull it in a little bit closer and let the green light condition

take care of the compression.

As far as additional capacity, we don't know about that yet.

We'll just have to wait and see.




Okay, next question. When do we plan to go on the operation?

Well, we really don't have any firm plans right now. We've been
talking about it just briefly in the last couple of days, but
probably March or April. Now that seems like a long time away,
but there are some reasons. Some of which are that we require
forty-five days minimum lead time. Other organizations, I'm sure,
will need at least that much time. We will need at least forty-
five days to get our controllers on-board and brief them, plus
the fact that the weather conditions prior to that are really not
conducive to good green light conditions or an cvaluation of those,
because you've got wet runways in January, February, March. In
March, vou have windy conditions and so forth, so that the data
that will be collected may not be a true picture of what you're
really looking for, and that's why we're thinking about March or
the first of April.

Okav. Potential problems in applying those procedures, the
double go-around situation that 1 talked about. We've talked to
O'Hare just a few moments ago I'm sorry, a few <days ago, on
what they can live with and they said, "Okay,'" considering that
only about 15tol8 percent of the traffic are Heavies, the times
that we will have a situation where a Heavy will go around are
probably small. We don't even have any figures on it. So, they
said that theyv could live with a double go-around unless it got
to be a real probtem, and then we would just have to do something
else.

Single go-arounds are another problem. I explained that to
vou a while ago. If the trailing aircraft is inside of the outer

marker and the light goes red, he will have to go around.

Another problem, pilot non-acceptance of VAS separation.
Okay, we have that right now with wake turbulence. We have
pilots that say, | want ten miles behind the 747. Joe says, okay.
Puts him ten miles behind him.  Puts a DCY in tront of him. So,
he gets his ten miles and he's happy, and we don't lose anvthing

like that.
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I don't know what will happen if we get a number of pilots

that don't want the VAS separation. Probably go back to business
as usual. 1 don't know how the airline companies feel about it,

whether they're going to accept it or not. We'll have to see.

Other factors and some of these were already mentioned, |1

believe, and Hector had some on his view graphs.

Controller acceptance. We don't really anticipate any con
troller problems at O'Hare from what 1 understand from them.
Thev have a pretty good understanding of it and would have no

problem accepting it.

Another thing that we have to consider is pilot and controller
training and familiarization with the equipment, and then, lastly,
once we get all this done, we're going to have to publicize it in

various publications and in the Airman's Information Manual., {
I'hank vou. That's all I have to say, fentlemen.

DR. TYMCZYSZYN JR. : You know, when my dad was teaching me
to fly one dav, [ had passed the outer marker on an LS, I hadn't
even done the after-takcoff check list, let alone the before land
ing check list, the gear wasn't down, 1 was recally way behind |
finally got down and he said, son, vou're ten miles behind the

airplane. ULet's go up and try it again.

So we did. [ didn't do any better that time, but this time
I actually did worse because 1 spaced myself visually two miles
behind a 707, and he said, bhoy, what are vou doing? Were going to
get killed. I said, not me, Pop, I'm ten miles behind the air

plance.

MR. TYMCZYSZYN, SR. Thank you, Joe. This is the first time
in my life that I've had the privilege of working with my son
professionally., [tts kind of 8 thrill,

Undoubtedly, the most intervesting flight test job in the
world is FAA Certification. 1 know the development of & new

fighter plane for a company 1s great and so is landing on the moon

and so on, but in the development of a new airplane vou have a lot
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of specifications laid out. Very often in the development certi-
fication of new airplanes, new navigation systems, new phenomena
such as, wake turbulence, there aren't any specs to go by. You
have to think the problem through and try to figure out what the
regulations should read in order to achieve a certain level of
safety, and ever since 1 got involved in this wake vortex business
back in the davs of the SST when we knew that the three mile
separation was out the window, I've given considerable thought to
LE.

So the things we'll talk about here are not necessarily the
things that are blessed by FAA, but I've taken them and discussed
them with the best people we have in FAA and industry and NASA,
and we'll give yvou the very best answers that we possibly can,
and at the same time, we'll be trying to project and maybe incite
a little bit of interest to make tomorrow's workshop a bit more

interesting.

Certification,operation and environmental aspects of wake
vortex alleviation and we might add to that, the same subject for

any operation with VAS or WVAS.

['d 1ike to restrict my remarks to those items that apply to
virtually all swept-wing jet transports since the spoiler and
flap deflections are similar. You've seen quite a few view graphs
today of various airplanes, and we'll show you two or three of
them, but I can assure you that the 747, DC10, 1011, the air bus,
767, and so on are very, very similar in regard to the location

of spoilers immediately ahcad of the outboard flap.

The second point we want to make is that alleviation is
potentially applicable to other than Heavy aircraft. We've sort
of gotten into the rut of thinking only of the big urban airports,
maybe fifteen or twenty of the large airports and Heavies, but
since airport capacity and safety may be enhanced at airports with
other than Heavy aircraft, it's something that we ought to be

thinking about also.
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For example, Orange County Airport and Van Nuys Airport and
Washington National are all equally important and what I'm trying
to project is that these techniques are equally applicable to

them.

Okay, a very quick plan view of the 747 shows twelve spoiler
segments. The ones that we're interested in are the ones just

outhoard of the outboard flap.

This is the 1011. The only thing different about that is

Lockheed numbers everything from the center outboard.

This is the new 767, and you see that, again, the spoilers
are located ahead of the outboard flap. If you look at the
Russian [L62 and the British VC10 and a whole bunch of other air-
planes, you'll find a great deal of similarity and therein lies

the secret of potential attenuation with vortices.

The genius of Boeing i1n designing the first -- very first
707-AD, the 367-AD, has shown through in the whole family of

swept-wing airplanes.

Now, 1'd like to spend just a little bit of time with these
small separation standards. 1 know vou must be a bit tired of

them, but let's look at them and see where thev came f{rom.

The box on the left shows the three categories of airplanes,

and for a moment ['d like to skip to the definition of these.

I'he Heavy is anyv airplane certificated to a takeoff gross

weight of 300,000 pounds of over.

The Small airplanes are those airplanes certificated to a

take-off gross weight of 12,500 pounds or less.

Everything in between 12,500 to 300,000 pounds, is called a

Large airplane. That's a ratio of 24 to 1 in terms of weight.

Obviously, vou have cither excess safety for some of those
airplanes, sav the airplanes that weigh 290,000 pounds compared
to those that weight 14,000 pounds, or putting it a different way,
you say excess separation with decreased airport capacity for a

lot of the large airplancs.




In the beginning, we originally worked with four categories.
The dividing line was roughly 150,000 pounds which was the, well,
sort of the upper end of the small 727. However, think
about the permutations and combinations possible with four cate-

gories of airplanes.

Note also that this term, category, class and type get to be
overused in FAA. The different categories for ILS approach, and
there are different categories for wake vortex, pilot ratings,
and so on, and we're hoping that one of these days we can put all

of those into the same categories and have the same definition.

But if you want to get an immediate increase in airport
capacity, you might for a particular airport consider seriously

splitting the large category into two.

Okay, if you look at the long term goal in the box to the
right, and I got this out of an FAA report done by Mitre Corpora-
tion in June, 1978, June of this year, look at the bottom line.
You'll see that the Small, large and Heavy airplane behind the
heavy are cut down to exactly one half of the present require-

ments.

That's quite interesting, because we have been working on
the concept that if we can cut the separation to one half with
equal safety to what we have today, then we will have accomplished
something. So, the people working on airport capacity and the

people working on attenuation are not too far apart.

A more optimum system would be to say, let's everybody go to
a three mile separation. Therein, I like to point out in the next

few minutes why this may not be unreasonable.

Based on the tests we have done behind the 747, 1011, and
some informal testing behind the C5A with lift distribution con-
trol system, I1'm making the projection that this reduced separa-

tion can be achieved.

Okay, let's look at some of the certification problems, the
operational and environmental aspects of it. Handling qualities:

['m just putting one sentence down. Jerry Lundry did a darn good
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job of pointing out some of the details of it, and ['m saying that
there are no major obstacles forseen, but everything there requires
a review of the trim range -- You'll have to increase the trim
range of the trimmable stabilizer on the 747.You'll have to look

at the stability. You'll have to look at the lateral control, one

of the problems that Clive brought out, lateral control.

Suppose we come up with the 747 with spoilers 2, 3 and 4 at
fifteen degrees, and you use these for lateral control. Obviously,
you don't want to have differential spoilers at that time, but
we'd leave that to the genius of the aircraft manufacturers who
can then say, okay, let's leave that at fifteen degrees. Say |1
want right roll, leave the left wing at fifteen degrees extended
and apply more spoiler deflection to the right wing, and keep the
same roll rate, if that's what you're after.

Ihe other part about handling qualities is that in the land-

ings today with the 747's and 1011's with gross spoiler deflec-
tions -- those first attempts that we made -- the pilot had

absolutely no trouble with landing; none whatsoever.

I'he second one, the biggest one, is obviously the noise, and
it had me worried for a long, long time because we were using
rather gross spoiler deflections. Now, our noisce cstimates are
reduced from one-half dB, that's actually six-tenths of a dB, to
three dB, and the sources for that arve Lockheed and Bocing in

this regard.

The ultimate spoiler deflection for good attenuation mayv not
be too far from what the Lockheed 1011 has for DLC, Del Croom's 747
configuration using three spoilers at fifteen degress 1is not too
far different in terms of spoiler volume than the LI0LIT has for
using four spoilers and nulling about seven degrees.  In any
event, the 1011 increment for the spoiler deflection DLC on and

DLC off was six-tenths of a decibel.

The gross configurations we had previously were three dB.

The lastest estimate we had on  Del Croom's latest 747 configuration

that we hope to fly behind in January, is ninc-tenths of a dB.




Perhaps that would be acceptable as a trade-off for increased air
port capacity and safety and would not require any engine treat-

ment for quieting the airplane down again.

Item number two, the increased drag on final approach uses
six to fifteen percent more fuel. The basis for this is the
flight tests that we've done on the 747 and 1011. What we did
was take the EPR and fuel flow charts for the configurations we

looked at and went into them.

The 1011 DCL, if that represents an ultimate hope for attenu-
ation,is six percent. Now, if fuel costs fifty cents a gallon,
then each two and a half minute ILS approach will cost between
two dollars and five dollars more per approach, and I don't think
that anyone can argue the cost effectiveness of numbers like
that.

Another thing about the drag is that it has characteristics
that have become the favorite of a lot of pilots. One of the
nicest things about the 1011 is the DLC and; again, we'll talk

on this a little later.

[tem number three, a safer aivport envivonment. If vou
reduce the energyv concentration from the vortices, it allows for
safer movement of small aircraft. Okay, what do I mean by that?
About two or three weeks ago up in Seattle at Boeing Field, a
747 rotated and a 182 was parked on the taxi-way 120 feet away and
it flipped it;the vortex from the take-off rotation flipped it.
Well, obviously, that's take-off. It's a bit stronger than land-
ing, but there's nothing preventing strong vortices in a landing
configuration from inundating the approach end of the airport and

causing a problem to both light airplanes and helicopters.

So, as soon as you diffuse the energy in a vortex, retain the
same vorticity but just kind of scatter it out, yvou create a
safer airport environment,

The next one, less potential effect of vortex impingement on
alpha and Q sensors. As we get into the more exotic airplanes

with reduced static margins, energy efficient airplanes, you'll
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find more and more of them will be flown with extra sensors. A
lot of our modern, sophisticated airplanes have alpha, angle of

attack sensors, and Q sensors, auto-land sensors and so on.

Now, can you imagine one of these sensors being impacted by
a vortex tube, say two or three feet in diameter and with velo-
cities of two to three hundred feet a second -- they'll go crazy.
All you have to do is stick the nose of a Lear Jet into one of
these things and you get stick shaker and stick pusher and every-
thing else all at once. The same way, you stick the tail of the
707 or 990 into it, and impinge on a Q sensor and your rudder goes
crazy.

So, what I'm saying is that as you emasculate the vortex
strength, you cause a reduction in its concentration and create a

safer airport environment for all aircraft operating in that area.

Okay, item four, the less potential damage from engine inges-
tion of concentrated vortices. This has been a favorite of mine,
and I'm having great deal of difficulty convincing our FAA pro-
pulsion people that we need to consider this very strongly. But
consider first of all, that a DC 10 engine, for example, has
about two, two and a half times the thrust of a DC 8 engine. But
its potential for picking up birds and picking up vortex tubes,
is some five to seven times greater because of its area. You have
more chance of picking up a vortex tube.

In addition, you have a short inlet. The compression distor-
tion allowances of the more sophisticated engines, the high by-
pass ratio engines, is probably not as good as the old engines.
Therefore, you can get compressor stall and flame out.

We have examples of this. A C141 behind another 141 about a
mile away had three compressor stalls and a flame out. We posi-
tion a Convair 990 about a mile behind a 104, a little tiny 104
with a vortex tube that big, killed number three engine.

There's a report of an SAS 747 going out of J.F.K. some ten,
fifteen miles in a climb-out behind another 747, he had compressor
stall and flame-out. He suspected wake turbulence, and he had to

come back to J.F.K.
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The problem here is that it's very difficult to track these

things down. We'vre talking about those things that we'll have to
look at in the certification phases. Now, when we look at reduc
ing separation by any means, whether its VAS or WVAS or attenua
tion, the instant that vou say vou want to reduce separation, we'd

better start looking at potential engine problems.

Five, greater freedom for airport runway taxi design lavouts.
\s you reduce the concentration again, a lot of airports don't
have the real estate to have a hupdred and fifty foot lateral
distance between runways and taxi-wavs for large airplanes, and
two hundred for Heavies. Fhis gives vou a little safer environ

ment to move these aitrplanes around.

Okay, in terms of performance, vou can go on and on here.
Basically, landing-climb performance on the 747, even with gross
spoiler extensions was no problem since landing-climb is an all

engine condition,

However, there is no reason to even consider that. But in terms
of performance the most important single consideration is that 1
feel after a great deal of discussion with our flight test perfor
mance engineers, that no increase in landing approach speed need
be tolerated, and no increase in landing distance need be accounted
for if we're talking about the kind of spoiler deflections that

we feel will be achieved to get the desired attenuation.

Fhe basis of this is the certification of the L1011 and DC10
and DLC. The philosophy was that vou are merely trading drag for

thrust with some inherent advantages.

If vou have more thrust, engines that are a little higher
rpm, vou get fastev response tfrom opening the power levers, such
as a wind shear, for example, and you get instant 1ift by col
lapsing the spoilers. It does create the momentary problem of
increasing the vortex for the guvy behind vou, but Gene talked
about the necessity of sending two guvs around if the first has

to go around.

3=16




There are several provisions on this. One is that auto

spoiler retraction at approximately the stall speed or roughly
1.15 times the stall speed be programmed. 1 went back into avia-
tion history and found five FAA reports where we looked at the
landing touchdown speeds for transport airplanes and invariably
the airline transport pilot is interested in landing between a
thousand foot marker and a fifteen hundred foot marker. Believe
me, they don't get a bonus for the smoothest glide on landings.
They want to put it down on the same spot on the runway. They

touchdown something like 1.25 times the stall speed.

There's nothing wrong with landing with the spoiler volume
that we have been talking about. Therefore, we reason that
there's no reason to figure that you have lost some (Tl and you
have to have a higher landing approach speed.

We don't account Ffor it in 4 1011 or DE 10 certification. 1
might add that even though the DC10 was certificated, it never did

go through to completion for other reasons.

Item number two, no loss in landing-climb pertormance deemed
necessary, provided that auto-spoiler retraction be programmed for
go-around procedures, and this item does need development.,

We're going to have to work very, very carefully with air traffic
control in order to work up the procedures for this.

Item number three, there are other advantages ol extended
spoilers. First of all, it's akin to direct 1lift control in the
wind shear, and Clive mentioned one of the problems there, but
fortunately, wake turbulence and wind shear don't occur at the
same moment. They are on opposite ends of the spectrum. Gener:
ally, wind shear occurs during periods of very high wind, and wake
turbulence generally occurs in relatively lesser winds.

Faster thrust response, instant lift -- The summary of it is
that vou have a safer airplane with a spoiler extension during
final approach.

1'd like to mention these other operational certification

items, particularly for the workshop. Onc is the helicopter's
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vortex generator. A Bell 205 at Van Nuys not too long ago with a

southeast wind blowing, came in and made a 180 degree turn and
landed and the vortex blew over. It caught a 150 at landing

approach and destroyed the airplane.

The second is the explosive growth of helicopter IFR usage.
Helicopter IFR in a beautiful, new, twin turbine helicopter is at }
the same point in development that the executive jet was some
eighteen to twenty years ago. There are five new beauties. So,

there's a big push on for helicopter IFR usage, and we've certifi-

cated some of them, and you fly exactly the same ILS that an

e e

airplane does. So that guy now has a threat from the airplane

ahead of him.

EoE T2

The third item is vortex impingement on a glide slope during
temperature inversion. [ wish I knew more about the life of

vortices during inversion conditions. [ do know after tracking

P

quite a tew of them that we cannot depend on the vortex trail

going down and staving there during unstable atmosphere condi

v XY

tions.

The last accident on Memorial Day at L.A., an experienced
pilot, two and half miles behind a 707 VFR, said that he was well-
above the glide slope and a 707 pilot was on it, but he still got

flipped and the airplane was destroyved.

Item four is one of my favorites, and that is an electronic

or barometric bias for general aviation and helicopter ILS

receivers. With the genius we have in this country, I don't
quite understand why we all have to fly the same glide slope. If

you can imagine a glide slope antenna sticking out on a stick

one hundred feet below vour airplane for general aviation aitr-
planes, vou would have one heck of a lot safer appraoch.
| Combine that with displacing the threshold for general avia-
tion and executive aircraft, and you see that you'll solve the N

problem at least for the landing part of it.
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Six -- Okay. These are other items that we're thinking

about, and I will have a little more time for tomorrow during the

workshop.
Thank you.

DR .TYMCZYSZYN JR. : I want to clean up a couple of items
on VAS.

Volume One of the Safety Analysis that Jim Hallock talked
about is being circulated for comment. We don't have most of the

comments in. We hope they're favorable.

Volume Two, the Laser Van Data, hasn't even been published

yet, but Wood and Hallock have told me that it looks pretty good.

Assuming that these are accepted by the industry as valid
proofs of the safety of VAS, we will start up around April 1st.
This is, as 1 said, pending acceptance by the industry of the
safety analysis, however, we still plan to give a pilot who does

not believe in VAS, increased separation if he requests 1it.

But, of course, if most of the pilots didn't believe in it
and wanted to increase separation, i:¢ would defeat the program.
So, that's why we're trying to get people to accept the safety

analysis.

If there is an incident, some pilot using VAS calls in and
says that he got flipped or he had a big problem, we're going to
stop VAS right then until we can investigate and find out what

happened.

One good thing about VAS is, we've already got the low level,
wind shear alert system funded and moving ahead, and it used
anemometers, too. I won't explain it in detail, but by converting
the low level, wind shear alert systems to VAS systems, which we

are trying to do now, we've got a lot of leverage.

There are seven low level, wind shear alert systems in opera-
tion now; seventeen more by the summer of '79; thirty-four more
by summer of '81. So, we've got a big potential for a lot of

VAS's, if we need them. We don't have to justify the whole cost
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of the VAS based on the VAS because we have the anemometers in

}‘ l .l\~ L‘ .

I want to turn to VAS enhancements, and WVAS. One possible
enhancement would be to use shorter separations outside of the
outer marker. We get a benefit from it, but as Gene said, we

haven't been #ble to prove that that's safe yet. So, we'

re not
doing anvthing about that now other than looking at the safety of

it and maybe someday we'll work on the safety analysis for that.

If we never can show that that's safe, we probably can show
that it's safe with alleviation which would mean a combination
alleviation and VAS. The alleviation would work outside the outer

marker.

[t brings up the interesting operational question of do you
use alleviation on a particular approach if the VAS light is

green? Or do you only use alleviation when the VAS light is red?

[f you use it only when the light is red, you'd save some
noise and fuel, but vou'd have non-standard operating procedures,
and more training. Also, there'd be a larger chance of an error
for a pilot forgetting to press the alleviation button which would

be dangerous for the guy behind him.

There are just two operational problems with WVAS that 1
wanted to mention which we can discuss tommorow. One is how late
can a flight crew or controller wait on an approach to find out
that he's got to go around, either due to the vortex failing to

clear out, or say, the lead aircraft not clearing the runway?

Secondly, with WVAS we have the possibility of adaptive
spacings depending upon the wind and the other types of aircraft
and so forth. There vou would have a situation where the pilot
and the controller were in the dark about what their spacing was
going to be, because it was chosen in real time by a computer,
and it might be a tough thing for a pilot or a controller to

handle.

Now, alleviation -- 1 want to talk about certifying that the

following aircraft is safe to fly X miles behind the alleviated
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aiveraft. Now, we don't Know right now what Kind of a certifica

tion program this would require. We'd like to discuss it in the

workshop. We expect that 1t will be a combination of three

things: One would be flight tests, like the ones that have taken ,
place, including landing; another would be a safety analvsis, }
like Jim Hallock has done; thirvd, would be the laser van measurce |
ments.

[here 18 a complication in this, and the VAS safety analysis
was based generally on not hitting the vortex, but with the

| alleviation the vortex muy be benign enough in order to hit i1t on

E a frequent basis; but we would have to detine what henign enough

:

F means, and 1 think we need NASA help for that.

? One possibility that we have is cevtification of the safety

? of the follower for example, perhaps with alleviation F47
could be recertified so to speak as a Large and not a Heavy. In
other words, with this alleviation it wouldn't create any more
vortices than a Large today. SO, tar example; Northwest 3,
which is a 747 (light, would no longer report into the controllers
as Northwest 3 Weavy; they just report in as Northwest 3, and that
way they could be given spacing of Large ainrcraft.

It would be somewhat simple to handle.  The controllers

1 wouldn't have any pavticular problem with it, just change the call
sign and change the flight strip that is, 1t the allsviation
works, and we cun certify (t.

Fhere are a few complications. Gne is if the 747 which we've
recertiticd into the Large category had to do a missed approach
and stopped alleviating, then it's no longer a lLarge. Thon,
perhaps we need a confirmation to the controller or to the pilot
behind or somecone that the alleviation is veally being turned on.

Of course, in the future alleviation might get so good that
vou could certify the 747 not in the Large c¢lass but in the Small
and fly three miles behind it, or im the tiny category and fly
two and o halt miles behind it.




\s previously discussed today, we may want to redetine Heavy,
Large and Small based on the vortex strength on approach and land
ing, rather than todayv's svstem of just taking the maximum take i

oft, gross weight, which doesn't have that much to do with what's

gotng on in landing. fthat woutld accomplish two goals, it would
make the system more effective and rational, and it would take
alleviation inte account. So, a 747 that was alleviated could be

called a Large or Small.

I doubt that we could do this without NASA help, and 1'd like

to discuss it in the workshop.

With WVAS, we might have adaptive spacings so that aircraft

would be certified to not 3, 4, 5, 6 miles, but 3.4 miles get
it down that close. In addition, there might be a need for two

numbers to describe a given airplane, wake vortex-wise.

One is the lead aircraft and one is the follower. ror i
example, the Concorde puts out a very strong vortex, but as a
follower, it's not as good. [t has such a short wingspan that
it can be emersed in a vortex and it doesn't have as much ability
to be a follower as another airplane that puts out as strong a

vortex as it does.

There's an intevesting side-1light here, that's with MLS. If

yvou have different three-D paths, then it really makes the safety

analysis for wake vortex complicated, but you could use that to 4

vour advantage it vou have the smaller aivcraft come in higher

and upwind ot the larger atrvcratt, and by higher | mean not only

at steeper glide slopes, perhaps, but land further down the runway,

too. |

i

Now, we come to somewhat of a bottom line herve and that is

seeing that I'm in Flight Standards, we've got to talk about

rule-making and regulatory aspects. | want to list some alterna l

tives for rule-making, and not give any particular preference,
just mavbe discuss them a little bit., We have to spend a lot ot

time on this in the workshop.




Alternative number one is for FAA to push this very strongly.

Say that in order to foster aviation, we've got to push rule-

making. We've got to put out an ANPRM requiring alleviation for

all such aircraft; new aircraft by such and such a date, and after

another date, we require a retrofit.

Now, if we had done this, 1 guess I wouldn't have had to
inject the following comment and say that FAA is, you know,
neglecting wake vortex -- neglecting alleviation. However, I
frankly think that if we did put out an ANPRM now stating that
type of thing, that we'd get an overwhelming number of boo's

from the airlines and the aircraft manufacturers.
I definitely want to discuss this tomorrow.

Another thing would be to test the water with the ANPRM.
Let's put that out and get some comments and then decide what to
do after that.

Another thing, another alternative would be for FAA to wait
around, take no particular rule-making action now and then wait
until the airlines came to us saying, damn it, this thing has
favorable economics and we need it, and the reason that we need
rules is to keep it fair among airlines. So that Airline A
wouldn't spend a lot of money modifying their fleet; Airline B
not spend a penny and have both of them reap equal benefits. It

wouldn't be fair to the guy that paid for the alleviation.

There's still some inherent unfairness in the system. For
example, Pan Am's fleet is mostly Heavies, and Allegheny's fleet
is mostly DC9's. So, vou know, Pan Am would pick up a lot bigger

cost than Allegheny to accomplish the same benefits.

Also, there is a question of foreign operators. Alternative
four isn't strictly rule-making; it's more FAA policy. We could
base landing fees or encourage operators to base landing fees on
the amount of time an aircraft ties up a runway. So, if it ties
up six miles behind it, charge it twice as much as an aircraft
that ties up three miles.
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Now, the fifth alternative is more in the form of an advisory
circular rather than a rule. Flight Standards could put out advi
sory circular on how to recertify a Heavy as a large or a Small

for the purposes of wake vortexes.

Then we could let the aircraft manufacturers or the airlines
do as they please about that. Of course, with our manpower
shortages and our normal wayv of doing business, we don't normally
write advisory circulars unless we have serious applicants, but
this would he the way to go without twisting arms. It would

provide a means for people to pav their money and get benefits.

Now, on a number of these things, in terms of certification,
I don't really think we. can do it without NASA's help. We got the
bad news from Al Gessow just this morning well, some of us Kknew
it pefore -- that NASA's about rcady to stop putting money in this
on a large scale. So, FAA is going to have to show increased

interest, and I think that's going to mean incrcased money, too.

Flight Standards doesn't have any money for doing develop-
ment. So that means that Flight Standards would have to ask E §
D to help set up programs with us and NASA to do some of the

certification work for wale vortex alleviation.

So, Neil and Dave and Sig, I'm afraid you're going to get
9550"'s, letters from ES1 asking for financial help, in additien
to manpower on setting up the studies and development for the

operational and certification aspects of alleviation.

The last item is separations less than three miles. This is
the purpose -- The purpose of the conference is not separations
less than three miles, but we all know it's a goal, and it defi
nitely can't be ignored in a meeting like this, especially with
Air Traffic and Flight Standards pecople here.  One of the members
of the audience is Ralph Irwin of Boeing, sitting over there, and
he had an article in this month's issue of Acronautics and Astro-
nautics. Here is a graph that shows potential benefits of going
to short runway occupancy limit sceparations, which is about forty

seconds or a mile and a half. There are many benefits from it,




but there are many safety problems such as operations acceptance

from pilots and controllers.

So, I propose that tomorrow we discuss the What we need
to get pilot and controller acceptance for separations less than
three miles, for a short enough time not to detract from the
primary purpose which is wake vortex, but a long enough time to

air the issues and convince the people we are worried about it.

That completes my talk. 1T guess I'll turn it over to Bob

Wedan or Ken Hodge.
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MR. HODGE. 1In Session 6, we hope to get the workshop

organization covered here a little bit and permit you to have an
introductory meeting with the chairman of your workshop before the

bar opens tonight. The bar will not open before six, so I assure

you that Bob and I will be fairly brief. For those of you who

have signed up and registered, you've received in your registration
Kit a piece of paper that tells what the three workshop titles are
and where they will meet, and from your final agenda program you
know who the chairmen are, but in any event there are some people
here who are not registered and who did not sign up for a particular

workshop. Just let me go through them very briefly.

The first workshop is entitled Wake Vortex Alleviation at
the Source. The chairman is Joe Stickle. You've seen Joe up here
at the rostrum, so you know who he is. The meeting will be held in
the Management Information Center on the twelfth floor of this

building.

The second workshop is entitled Development of WVAS on the
Ground, and the chairman is Guice Tinsley. Colonel Tinsley was up
here before and will host that group on the ninth floor in Room
947 .

The third workshop is entitled Operational and Safety
Procedures and Joe Tymczyszyn, Jr. is the chairman. That workshop

will met in Room 1120 on the ecleventh floor.

I would also suggest that where a company or an organization
may have more than one representative here, that perhaps you might
distribute yourselves between the workshops in order to provide

perhaps the broadest base of representation to the workshops.

The workshops will meet to review the issues and questions
in their various areas of concentration and in a few minutes Bob
Wedan will talk a little bit about the philosophical issues. But &
I think that it's very essential that you meet with your chairman
to discover what workshop ground is to be covered and the scope.

It may be that there's additional scope that needs to be identified |

tonight, so that when you meet tomorrow at 10:30, we'll cover all

the essential points,
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Now, after Bob and 1 are through here, you will meet in your
respective rooms with the chairmen, and there's nothing that says
you have to break immediately at 1800 to meet in the bar. You can

go a few minutes beyond that, I think, if you need to.

Then, again, you regroup tomorrow at 10:30, after having
heard here, as openers, the views of the various interested
organizations and groups. Please note that the bus leaves the

hotel at 7:45 tomorrow, rather than 8 o'clock.

The output of these workshops will be reports back to Bob and
myself tomorrow to be presented starting at 3 p.m. and we've
allowed thirty minutes per workshop. We will provide support to
the workshops for making view graphs and for having material typed,
as far as I know. So, there's no specification for what the report
should be, but please leave us something in writing so that we

won't have to go up and copy notes off a blackboard.

Ultimately, we want to present all this in a record, which
will be the proceedings of this conference.

Well, I think I've covered most of the essential points here.
[f I haven't, Jerry Chavkin will remind Bob probably before we
step down.

So, I'll turn this over now to Co-Chairman Bob Wedan.

MR. WEDAN. There's a program on television on Sundary morning
called, Issues and Answers, What we've been hearing today to a
large extent is issues and problems, but the thought that 1'd like
to leave with the people who will be participating in the workshop

sessions is that we're concerned about the answers.

I think that we've had a good display of the problems. We
know pretty well what they are. We've been reminded even if we

knew them before. But now, we're interested in answers.

Looking back on it now, just briefly, T think that you'll
agree that together -- altogether -- NASA, FAA, TSC, industry,
participating contractors, we've achieved some significant mile-
stones,
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The VAS system that's under test at Chicago is an accomplish-

ment, It's a major accomplishment and I think that, taken together

with the very significant work to develop what appears to be im-
portant attenuation schemes -- important in the sense that they
look practical thus giving us an opportunity to move forward with
that type of a scheme, these two things represent perhaps the two
most important milestones.

We also have analysis that continues to show significant
payoff potential. Maybe not this year or next year, but as we look
ahead to the years to come, the payoff appears to be there,
although we have had a disturbing lack of inputs from the airlines.
They've been silent about this, but I think as they sense the build

in demand, the answers are going to have to be available at some
future time,

Both Doctor Kramer and Neal Blake indicated this morning that
we're soliciting guidance on how we should proceed from this point.
We've got these accomplishments, but now the question is, how
should we proceed from here?

The program is -- as Ken pointed out on the back of this, it
indicates that both he and 1 are looking for recommendations.
Consider us as the means to channel these recommendations into
the system for thinking about how programs should be structured
in the future,

Although we've heard from Al that there are specific plans to
close down major efforts within NASA, I think that a lot depends
on the expressions that come back from the using community as to
really what happens.

Wouldn't you agree, Al?

I think that's true within the FAA, too. So, although
neither Ken nor I are looking for a specific program to be laid
out in a matter of two or three hours, that is complete with re-
source requirements, I think it's helpful to keep in mind that,
in fact, is what we're looking for at the end. He and I and others
that we work with, have to come up with specific program recommen-
dations.
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Our bottom line is to recommend in our budget exercises

specitic program descriptions for next year, the vear after, and

SO an. What we hope to achieve from these workshops, therefore,

are inputs that are directed toward that end.

Let me give you an example. As you've heard, we'

Ve
essentially completed the development of a Vortex Advisory System,
o take the next step, there's a vortex avoidance system, that

requires a substantial effort over a number of years, l'm sure,

It may include the development of an active tracker. You
heard of the difficulties in obtaining an active mechanism for
actually measuring in an active sense where a vortex is, but that
thing may have to be developed. If we're going to close up air-
craft closer and closer to each other, we might want to be able to
detect that maverick that remains in there even though it's
predicted to move out, so that we've got a last minute po-around {
capability.

that may be required. [t so, vou could sce from the previous
discussions the state of the art is such that we have to move
essentially out of the laboratory into something that is operation-
ally feasible, and that requires money. It requires a hard program

to make that happen.

[t may also be necessary to tie into the terminal automation
system. As mentioned carlier perhaps a real time systenm that looks
at actual aircraft -- as tracked by the computer to pair up air-
craft in some optimum way or at least to know who's in there, it
may have to be done. For us to get in there to interact with the
ARTS-3 system, is going to take a considerable effort.

So our question is: Are there things that we should do?
there further work that needs to be done with respect to the
attenuation system in the aircraft?  Are there certitication
techniques that need to he pursued? Thesce are cngincering
questions, do they require engineering resources to cont inue

work?
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, the sessions, as indicated by Ken, will get underway now

for a few minutes to get vourself organized and tomorrow's going

to be a work time.

1'd just like to suggest that you take advantage of every
moment, including the social hour, when perhaps during that time
some hot ideas may be generated that might prove to be productive

tomorrow,

Just one more comment before 1 let you go and that is,
tomorrow we do intend to hear other inputs from the community,
specifically those that are on my list, Air Transport Association,

ALPA, and comments from the Netherlands and the United Kingdom.

I1f there's anyone else who wishes to make a statement on the

subject, please let me know before 8:30 so we can work vou in.

MR. PORITZKY. Bob, I wanted to underline one point and ask
a question perhaps a little more directly than you just did. 1
was going to do it in the context of a question to Bill Wood and
that relates to the question of wake vortex avoidance, detection,

or what have you, below the three mile situation.

All day today, we've heard about the possibilities of oper-
ating under three mile wake vortex conditions. Joe Tyvmczvszyn
touched on the possibilities of going below. [ think it Bill Wood,
had had another minute and a half when he spoke, he would have
had something to say about his views on the requirements for

additional sensors in going below three miles.

Now, I believe it's important to ask him that question,
because | think it will be useful to the workshop simply because
I think we learned this morning that the only game in town to get
capacity, which is what the air carriers say is their number one
problem at this point, is reduction of longitudinal separation
given that vou don't get new airports, which don't seem to be

around the corner,

Now, one of the questions that we've asked ourselves a fair

amount in the R§D community, at least, is: 1Is it really worth
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trying tor separations below three? We have fairly good evidence
that barring the wake vortex problem, you can realistically think
about two and a half, maybe two someday, but certainly the possi-
bility exists for two and a halt, given the wake vortex problem
can be reduced and given that the many problems that Gene Barlow

talked about can be overcome and yvou gain a benefit.

But I'd like to ask, if you can take another minute, to let
Bill Wood talk ftor a moment about his views on the importance and
status of both the turbulence detector, which raises that percentage
capability signitficantly apparently, and then his thoughts based
on what he's done so far on the importance of moving forward rapidly
with a detector when you get below three, because one of the
crucial questions that I hope will be answered tomorrow -- out of
the workshop =-- is: Judgment, is it really worth trying to go

below three miles or is that sort of silly? Would it be possible

-

for Bill to come up?

)

MR. WEDAN. Oh, absolutely. Bill, can you spend a minute,

and cover those points?

MR. WOOD. Let me address the turbulence problem, first.

A large percentage of the data that was collected at J.F.K. was
done with three-axis anemometers., It was not done with the type
of device that you saw in the VAS, which is a rotating-body-type.
That means that we had access to turbulence information. That
means that we saw the effect of that wind measurement, the third
axis wind measurement on the vortex. We know what it will do.

We know what it will take to make that kind of measurement. So,
to get the turbulence, to get some kind of turbulence device into
the system is not 2 major undertaking., It's not beyvond the state

of the art, let's say that.

We're not convinced, vet, that we want to make the move and
put the anemometer in the VAS system. There may be a simpler
solution, | think I briefly touched on the measurements we made
at J.F.K. with a device called a pyranograph, which looks at the

cloud cover., [t strictly looks at the amount of turbulence you're
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getting in .the air., When it's a cloudy day, you're likely to

not see as much turbulence as you do on a bright, sunny day.

We've seen enough effect out of that simple device to know
that it can be effective. We've got an awful lot of data to reduce
to get to the point where we can make that decision. But the data
is there, the measurements were made. I don't think that enhancing
the VAS with a turbulence measurement is a tough problem. It's a
time-consuming one. We'll have to decide which sensor and how to
put it into the algorithm, but it's not beyond the state of the

art, and the measurements are available now to start that work.

Going beyond that, and looking at a sensor to do tracking, if
we have to get below three miles, we feel today that we'll have to
go with some type of active tracking. We're not going to get there
by just enhancing the VAS and trying to work that route. I think
we'll improve the effectiveness of the VAS with turbulence. We
won't get below three miles with it. We'll still be three miles,
but instead of being fifty percent or sixty percent effective,
we'll be up in the eighty-five or ninety percent effective region

still at three miles.

But if you want to go below three, I think it's our position
right now that we would have to develop an active tracking sensor.
I believe, and I remember stating, that if we had to take a sensor
today, I1'd be inclined to go with the ground-wind-type sensor.
It's the only device that we've seen which is simple and has the

ability to operate in the airport environment.

We still don't have one with out moving parts, and most of
the fixed-axis ones that we've seen are subject to the same thing
you saw up there -- icing. So, we must get back to some type of
solid state anemometer. We've tried many devices in the wind
tunnel. We've not found any of them that have been really effective
in giving us the type of response that we want with the low veloci-
ty winds. But we feel that we can get there and that, too, can

be done in a reasonable length of time.




Ihere are many companies in the environment today that are
looking at developing solid state anemometers. The Weather Bureau
has been at it for several years and hasn't succeeded yet. But
ve tried several devices. There are ones that use acoustic
techniques, like the J Tech sensor, There are the Pitot-tube
tYpes. There are many different types of solid state sensors that

veloped and ones that can possibly do the job with a

little more development.

We've tried three of them, that I know of, in the wind tunnel,
and none f them have proven out yet, but I think we're much closer
with that than we are with something like acoustics or lasers or

those type { devices which are inherently complex and quite
expensive, and when you start talking about a single device to do
a total airport, those devices are not adequate. So, if you're
talking about a reasonably expensive one and allocating it to the

end of every runway, it becomes a very costly process.

[he ground wind anemometers are not that difficult to implement

nor that costly. So, we would probably lean toward the simple
anemometer type, with the tracking algorithm in a computer to

measure the output and positively detect and track that vortex.
Ye haven't come up with a solution yet as to how you effective-

ly use it, and I think Joe brushed on that. About two years
I

ago,
think, we were at the stage with VAS where we were going to add
a safety device to the VAS which was really a group of anemometers
to measure the vortex track as a back-up, so that if the vortex
was still there we'd find it and say, oops, you've got to go
around.

We never figured out how to use that device, because by the

time you found out where the vortex was, looked at the amount of

time it would take to communicate that information to the pilot,

and got him to do something about it, he was already beyond where

the vortex was. So, we dropped it, and we went with positive

avoidance.
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Fhe VAS system will not allow impingement on a vortex at all.

At that time we were constdering the so-called, soft encounters,
and we did away with that concept because we did not know how to

tmplement it But, again, looking into how vou might implement

such a svstem, it's probably teasible and some more work has to be

done in the actual sensor development.
I hope that answers vour questions, Sig, ['m not sure.

MR. WEDAN. Joe Tymczyszyn, Jr., made a suggestion that
vather than go to the rooms tonight to get yourselves organized,
that it might be a good idea to break into the three groups vight

here.

1f vou can tind three available corners here, this might be

just as adequate as going oft to the rooms.

You know Joe is in charge of one of the sessions, and Guice
is herve, and =~ Who's handling the thivd? Joe Sticklte. Okay,
Joe's up there in the back of the room. So those ot vou who ave
interested in the attenuation part of the problem, plcease orbit

around Joe in the back ot the room therve,

Joe Tymczyszyn and his group here; if you people arve interested

in the problem, civcle around him.

the rest of them over in this corner.
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MR. WEDAN: [Everybody, good morning, for a second day. 1

hope you had a pleasant evening last night.

Our speakers who have indicated the desire to make a statement,

with respect to our Wake Vortex Program are at the table. One

person who had been invited to give a statement was Vic Kayvne from

the Aircraft Owners and Pilots Association, He was unable to attend,

but, he did give to me a letter, and I'll read to you the letter
at the proper time on the sequence.
['m not going to spend anymore time in preparing for this,

except to once again, invite anybody from the audience who wishes

to make a statement that might be of interest and help, particularly,

to the workshop groups, that will split after this, please go ahead

and let me know,

I'd 1ike to invite Bill Codner, Air Attache for the British
Embassy, to make an initial statement too, this morning. Bill, we
know in the FAA and he maintains very close contact between the
FAA and the CAA in UK. Bill, it's yours.

MR. CODNER : Thank you very much Bob. O0llie St. John
sends his apologies for not being here. He was here in 1977 and
enjoyed the conference which you held then. He's now the Chief
Scientist in the CAA , and in fact, what I'm going to say today is
from the British CAA.

For the past six and one half years, the CAA has been running
a program which is specifically concerned with Wake Vortex Incident
Reporting and Analysis, and the data which we have gathered has
played a significant part in validating the elliptical algorithm
which was developed by TSC and used in the VAS.

During this program, whenever a trend became apparent or a
severe incident occurred, the UK procedures and separation standards
were very rigorously reviewed by a group which included pilots,
air specialists, scientists, and the air traffic controllers.

The most significant of recent events, was the world wide
introduction of the ICAO Vortex Separation standards on the 10th

of August, 1U78, They were different in a number of respects from

7-3

' L3

g, W Ty e S

e

T

- PRECEDING FAGE HLANK




the Vortex Separations which were then being applied in the UK and
which we had developed during our previous years of the data taking

exercise.

The evidence on the incidents is valuable but did not allow
the UK to accept entirely the UK recommended separations. In
certain cases, these would have, in fact, implied separations
smaller than those which had emerged as adequate on the basis of

the operational experience which we had gained.

There are three points, | think, which are shown in UK
specifications here on this table. Notably, the Medium following
the Heavy with a five mile separation whercas we have previously
been using six, and we still in fact, use six, and the Light
following the Heavy which is six in which we use eight, and then
the Light following the Medium which would be four and which we
have decided should be six, if the Medium in fact, exceeds a

weight of 40,000 kilograms (88,000 1bs).

The separation for Light and Medium aircraft behind Heavies
were considered in the light of our recorded evidence to be
unacceptable and the rule was modified both by increasing the
spacing and by changing the boundary between the Light and Medium
aircraft from 7,000 kilograms (15,400 1lbs) to 17,000 kilograms
(37,400 1bs).

I think Joe Tymczyszyn, Sr., yesterday, spoke to the very
wide range in the Medium area. These changes arose principally
from the analysis of an instance involving the HS-125 aircraft
which is around 11,000 kilograms (24,200 lbs). Under the UK rules
before August 1978, the HS-125 had been classified as a Medium

aircraft and was given a separation of six miles behind Heavies,

The recorded data shows that there was a disproportionate
number of incidents, including one where the aircraft was reported
to have rolled through 140 degrees when six and one half miles

behind the Boeing 747.

By changing the boundary, the HS-125 would be classified as a
Light aircraft along with a number of other small business jets
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TABLE 1

SEPARATION STANDARDS FINAL APPROACH

Spacing Minima  (NM
o Following or UK Pre e e
Leading Crossing Behind Avgust 78 | i ! M()dllé;"od
H H 3 4 4
M 6 5 6
L 10 6 e
M H 3 3 3
M 3 3 3
L * %k 4 4“‘
L H 3 3 3
u 3 3 3
L 3 3 3
where H - Heavy more than 170000kg ) 5 s
M - Medium 10000kg - 170000kg ”Krw°;ghtsia§g§gr‘°s
L - Light 1less thun 10000kg YePREANET
H - Heavy more than 136000kg ) : =
M - Medium 7000kg - 136000kg )}SAg Xﬁ‘gﬁt Tegtarins
L - Light less than 7000kg Yo EUS
H - Heavy More than 136000kg ) ;
M - Medium 17000kg - 136000kg )ESAO/KK :et3?;7ga‘eg°"es
L - Light less than 17000kg el cRATS
* 8 from March 1978
*e 6 ift M exceeds 100,000kg
*se 6 if M exceeds 40,000kg
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and given a spacing of eight miles behind the Heavies. The rest

of the medium category would then retain the established six mile
separation standards.
The other significant factor in the new air-carrier standards

has been the new level of 136,000 kilograms (300,000 1bs) between

Heavy and Medium aircraft which the UK has accepted, but with some

reservations. This means that the Boeing 707 moves in the Heavy
category,thereby reducing its separation from the 747 from six
miles to four miles, and because of our concern over this, we've
kept a very close eye on the Wake Vortex Incidents Reports re-
ceived from pilots since August '78 and compared them with the i
period January to August '78. This viewgraph give the incidents :

which have occurred on final approach at leathrow to date.

There were 10 such incidents in the eight months up to August i
1978, and 23 in the three months after the rules changed. Of all .
23 incidents, 19 would have occurred under the old rules, and the
apparent overall increase in the number of incidents is attrib-
utable to the uncommonly stable weather which we experienced in

the autunn of 1978 as compared to summer.

At one stage during the summer, [ had a letter from my father

who said that this summer we have had a very mild winter, which

sums up the English weather very well. F
The other four incidents are to the Boeing 707's following 3

Boeing 747's, and the spacing in each of these incidents was four
miles. ,
i

In the six years prior to 1978, incidents to Boeing 707's

following 747's when the spacings were five or six miles were very ‘
rare. There was also another incident not shown in this view j
graph, where a Boeing taking off one and a half minutes behind the %
747 suffered a 40 degree roll at a height of 200 feet. 1If the 3
707 has been classified as a Medium, it would have been given two J
r minutes separation and the incident either would not have occurred |
or it certainly would have been much less serious, |
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TABLY. 2

VORTEX_INCIDENTS ON_FINAL_APPHOACH

10 Auprust - 7 Novémber 1978

Heavy
Follower oxcept B707 B707 Medium
{“\\‘:i’n pro7| 63 9802 2
B707 4(0) 0(1) 0(0)
Medium 8(8) Gl 3(0)
Light 0(1) 0(0) 1(0)

»
[ = Incidents reported from 1 January to
9 August 1978,

N




There's also a penalty associated with the change to the

Medium to Heavy weight boundary. Due to the increased spacing re-

st ok oo B o

Quired now behind the Boeing 707, it's calculated that there will

—

i be a four per cent decrease in the overall capacity during the busy

periods.

I'he UK policy is to insure adequate safety in areas of UK
responsibility and this is decided on the basis of the operational
evidence which we've been collecting, and of course, reviewing in

conjunction with the FAA and TSC throughout the whole program.

P

he UK views on wake vortex separations didn't prevail in any
case as it happens, on the weight classifications, and 1 think we

heard yesterday, that there is some doubt in the minds ot people

that weight is necessarily the best way to classify. 1t just

happens that at the moment, it's about the only thing we can do.

We're really consciously taking a cautious approach in the
light of the experience which we've gained on incident reporting,
and with the introduction of the modified ICAO criteria, we should
be monitoring the situation with the particular care, especially

the rules which are affecting the Boeing 707.

We are, of course, in close touch with the US regulatory

authorities and with the US research establishments, and we hope

that in due course, we will achieve a greater degree of commonality

on the basis of all the evidence which we have collected so far.

You realize, from what I've said, that we really do question

whether the 707 should be classified as Heavy. The data which we 1
have collected since the introduction of the modified detail
separations indicate that we had four incidents, where previously,
we had virtually none. $So, we'vte continuing to look at this

situation very carefully. l

We're also very interested in the operational evaluation of
the VAS at O'Hare. Clearly, we would all wish to avoid a high
over-shoot rate, and frequent changes of the rules must also be
avoided, 1It, therefore, seems necessary to attempt to predict

the wind situation over a signiticant period, say, up to about an

7 -8

N [T, e — e




hour if the potential operational benefits are to be realized from

the actual operation of this system in the operational environment,

This 1s a view graph of wind statistics statement at Heathrow.
I don't know why it was 1974 or whether that was a very special
year or whether it's the only one they could lay their hands on.
I doubt if it differs very significantly from year to year, but it
is clear from this, that the wind is likely to be outside the
ellipse for more than about 50 per cent of the time. But, when
you begin to predict ahead, the figure falls quite dramatically,
and in practice, reduced separation standards arising from the
operation of VAS, would probably be achieved for, perhaps, about

25 per cent of the time.

Throughout the program of collection of data on Wake Vortex
Incidents in the UK, we've kept in very close touch, particularly
with TSC on this, and as you heard yesterday, much of the evidence
which has tended to validate the elliptic algorithm was obtained

from our incident reporting system.

I'd 1like to just depart from the script, which I was given,
to bring up some of the points which seemed to arise yesterday,
and to question, perhaps, some of the truth which we seem to be
faced with here and there.

['m wondering if there's rather to much emphasis on the re-
duced airport capacity and delays when we're considering the effect
of wake vortices, They don't occur only on final approach, and
nor is that the only area in which aircraft were closely spaced.

I think we were hearing yesterday that if you begin to separate
aircraft more in the final approach, then this leads back further
into the system. Should alleviation be pursued for safety reasons
as well as for simply reduced separations on final approach.

Are wake vortices really creating a problem on arrivals and
departures or are we in fact, faced with potential problems else-
where and is alleviation really the only way to cure these

problems.
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Can the Air Traffic Control System, the controllers in fact,
use the VAS in a real operational environment at the 20 busiest
terminals., Will it significantly reduce longitudinal separation
and consistently improve airport capacity, this is where 1 think
we look with really great interest at the prospects of the evalu-
ation of the VAS that are here. But, if the system doesn't give
us the benefit at these 20 terminals, is alleviation the only

other alternative, and if it is, how will it be implemented?

['d just like to end with a short anecdote about examining
truths, and this concerns the captain and the first major of a
small ship with a small crew. The crew decided to have a celebra-
tion one night, and the first mate and a number of his other mates
got very drunk indeed and the next morning the captain who was a
stickler for seeing the truth in the ship's log, wrote in the
ship's log: '"Last night, the first mate was drunk,'" and the
first mate was very upset about this, and realized that this
would go on his record, and he pleaded with the captain to
change this, but the captain said '"No, and that's the truth, and
that stays." The following night, the first mate was on watch,
and in the log on the following morning there was an entry which
was certainly true, but which was very damning indeed, it said,

"Last night the captain was sober."

MR. WEDAN: Thank you Bill. I might indicate that we'll
have a bit of time, I hope, after the speakers. I don't think
we'll use up all our time indicated on the agenda, so, we'll have
the speakers available at the table here for questions. Please
feel free to question Bill if you have anything at the moment, or
wait until the rest of them are through. I don't see any hands
at the moment, so, as you think about possible questions, Bill
will be here.

I think 1 speak for everyone in indicating how we appreciate
the input from the UK, in fact, the international participation
that we've had on this program has been quite good, and our second

comment, is another indication of the same.
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I'd like to introduce now, Wim Aardoom, who's a Project Leader

for the Wake Vortex Program that's underway in the Netherlands.

MR. AARDOOM: Well, thank you. [ must apologize for not
having very nice slides with me, but we have had some reproduction
problems. So, | have amateurish handmade slides with me, and I

apologize for that.

The Netherlands, and in particular the Department of Civil
Aviation and the Director of Air Traffic Services Telecommunications,
got involved with the Wake Vortex Program approximately in 19760,

after studies made it clear that research was starting to show

results which could lead to the practical application of measures
to reduce longitudinal separation in the final approach.
At that moment, and this still is so, Amsterdam Airport does

not suffer from capacity problems. Progress in aviation in general

is a very slow moving process. The anticipation of new develop-
ments (whether they are projections or operationally essential)
must be ccnsidered in order to be ready when a need for the

application of such developments arises.

It seems , at this moment, realistic to consider the

introduction of the Vortex Advisory System. Plans exist today for

only reducing the spacing behind Heavy jets as a first step to

longitudinal separation reduction. In the light of this, together
with the whole canacity situation, we set our preliminary aim at
an operational VAS for the main runway at Schiphol for approximately \

1981. They're planning to add one system a year to the other three
main landing runways. E

I want to make it clear here that if you look at the layout H
of the field, which is approximately six runways, it's almost hard
to imagine that one has a capacity problem or can explain it.

Unfortunately, due to all kinds of legal measures, normally only

one landing runway is usable for the main stream, and sometimes,

when weather and other circumstances allow, there is a second, but

only for relatively small aircraft. Therefore, the potential of
the field is fairly limited due to this environmental loss.
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Another point was taken into consideration. Schiphol's

circumstances would allow, it seemed at that time, a possible

separation reduction approximately 75 per cent of the time.

The question at that moment was to reach that goal. What
was basically required was a set of meteorological towers to
verify the ellipse with Schiphol's circumstances. You must have
means to sell it. So, obviously, we needed a detection system
as well to collect sufficient data for this purpose.

The choice was then logically made in favor of a set of wind
anemometers, which seemed to be most promising and hopefully still
are, A single test system was set up with wind anemometers, to
see whether the size of the anemometer array is suitable.

While collecting data for this purpose, a couple of other
possibilities of using this data appear, such as, dealing with
the way wake turbulence categorization and related separation
criteria (as they are now described in Docket 444 in Annex L) act
to increase airport capacity even further. A lot of confusion
about the 170-ton definition of Heavy has risen; now the 707, DC-8
and the Airbus are included as Heavy, We have doubts about this,
and this is a problem that has to be looked at and we hope that all
the date available will finally lead to a very critical review of
the present material.

There remain two main objectives which can be summarized as
follows.,

The first one is to collect data on behavior in general with
the objective to find the correct tiering for separations behind
all aircraft, 1 must admit hoping and expecting that these will
show a strong similarity with present results and that they can be

more or less considered as a confirmation for our environment.

The second objective would be for experience and later onfor an

operational system.
If T might spend a few words on the system itself - maybe it's

a little bit out of the scope of this meeting, but might be of

interest to some of you.
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collaboration with the National Airspace Lab in the MNetherlands.
It uses wind velocity information from nine vortex anemometers and
seven wind sensor in a similar set-up as used by TSC at John 1
Rennedy Airport.
he arrays are 400 teet long including the 300 foot window
length. They are mounted approximately 450 meters from the
threshold The remaining equipment is set up in a caravan nearby.
he hardware concept is straightforward and consistent with
using the components which I've shown in the slide. There's a
data acquisition system which is nothing but an analog filtering
in inalog-digital conversion, There's a Nova III Mini-Computer
and the only reason for choosing this type is because we have
experience with this type of computer. Fhen, there's NPXTM:
Metrek tape recorder added to it. There's an equipment monitor
) two reasons,
Number one, to have a quick look at the data assembled and
t ee what comes out. FThe second reason is to give some visuali-
ti to the operator of the system. The possiblity would be to
e kind of pictures to him, but, then, the operation might
e teletype is used for inputting mainly aircraft type
t ita
1 itputs of the system are, in some aspects, a little
t t . 'rovisions are made to record on tape the Romex
l ata, the Vortex Center Data, processed wind velocity,
t - ting, and Vortex positions as estimated by a number
t thms. We plan some extra effort to sec whether we
Car t turther to real time tracking, vortex residence
ti y @ t tvpe, meteorology data and the status of the
VS tc
0 q 9 itor (shown on the next slide), - 1 had some
photograpl transferred into a slide but unfortunately, that failed.
What vou see there are vertical thermal meters, if 1 might express
it like that. There are !5 kinds of thermal meters displaved

lhe

Syst

itself is assembled by and is designed in close
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to indicate the output of the Met and Vortex sensors, Then there

are some vertical thermal meters indicating vortex position as
estimated by a number of filter algorithms, and as | said, this is
optional for the moment, bhut we're starting to miake provisions o

this,

This is a fatlure indication and the optional separation
critervia; the green and red lamps are on top. Obviously, | must
state that this 1s an experimental system, there's no intention to
make this an operational one. This is only for experimental

purposes.

Now, 1t [ might spend a few words on the planning. We were
planning for an operational system in 1981-1982, something [ike
that, just to set & goal. In 1976, the planning was to have this
experimental one working on April 1978, We experienced serious
delivery delavs in the computer and the tape recorder. This took
nine months, and atter they were delivered, they did not work,
which cost another three months, which were unbelicevable things,

really. So, we lLost, 1in ftact,; one year.

A\t this moment, the syvstem 1s in the very last phase ot hard
ware testing, and the application system and the analog analysis
programs are almost completed. At the moment, we have good hope,

that we will have i1t working in April ot next year,

Due to this, the planning for an operational VAS now indicates

1082 or 1983, as a first step. This is all preliminary, of course,

and depends on the outcome of the evaluation ot this thing.

By the way, I want to use this opportunity to express our
gratitude to the FAA and TSC for the time they've made available
in the past, on different occasions, to discuss their rescarch
programs with us, and demonstrating their experimental detection

system at JFK.

In the light ot the atorementioned obhjectives, our vesult will

be made available to interested parties, including, ot course, FAA

and TSC.  Thank you.
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MR. WEDAN: Thank you very much for that report and I
think we're all looking forward to seeing resuits the next time
we get together, the results of the system test., Any questions
developing so far? Well, if not, I'd like to move on to the next

point.,

For those of you who have been following the agenda, you may
have noticed that 1've been working from the bottom up. 1'm not
going to give you a reason because ! don't have one, but, there
were a4 number of invitations that went out to the so called using
community, one of which is the Aircraft Owners and Pilots Associ-
ation. As I indicated before, there was a problem in their ability
to attend this session, so, I would like to read to you part of

a letter | got, which indicates the AOPA position.

"Qur position has been stated a number of times and is
repeated here to further get it on the record. We con-
sider Wake Vortex Detection for purpose of Avoidance to be
a stop-gap measure., When wake vortices are detected, it is
necessary to increase separation between aircraft and this
adversely affects runway capacity of acceptance rate. There
also is a related factor regarding liability, If the de-
tection system is in operation, and the pilot is not warned
of vortices, and the subsequent accident occurs due to the
vortices, the FAA will be found liable and receive resulting
damage suits., With so much effort being expanded on increas-
ing runway acceptance rate and capacity, the obvious answer
to wake vortices is alleviation.

This also is the answer to related safety problems.

Thus, the main effort in this field for the long haul should
be in field of alleviation or elimination of dangerous wake
vortices., This will enhance safety and, in addition, will
restore capacity to airports now suffering from extended
separation for the purpose of increasing runway acceptance

rates and capacity,




We hope that vour workshop will concentrate on ways and
means of effectively eliminating dangerous wake vortices
at the source, We cannot add to the deliberation, in this

respect.

Fhanks for the invitation and an identical letter is heing
sent to Mr, Ken Hodge of NASA. Sincerely, Vic Kayne, Senior

Vice President, Policy and Technical Planning,'

A\ny AOPA members that would like to stand by ftor questions

in this area, we'll put them to you,

Another organization that has been invited to make a state-
ment i1s the Airline Pilots Association: We have two members here
today, Captain Joe Davies is with Ozark Airlines and Jack Howell,
who we've heard betore from Fastern. He is a member of the ALPA

sateéty Department.
Who wishes to speak tirst? OKkay, Jack. f

MR. HOWELL: Thank you, First, 1'd like to address the VAS
Program that will be in use next vear at O'Hare. Secondly, 1 want
to talk brietly about the alleviation methodologies that we learned

about vesterday,

want to touch on WVAS also and lastly reduced | yitudinal

spacing.

Rack to VAS, the first thing | want to say about that is,
that 1, as an airvline pilot, welcome VAS and the technology it
brings with open arms, Anc ; the reason 1 say this so clearly is
because tor the first time 1 will know 1 have wind intformation in
the landing touchdown cone. This is what 1've been aftter for - -a
long time ever since thev started removing windsocks trom the end
ot the runway,

Moving on from there, which i1s the highpoint, 1 suppose 1
can learn to accept three mile spacing at the middle marker,

Being a creature of habit, it will be a process that can come over

a period of time with experience and also with education, But,

down at the other end ot the spectrum, ! must admit 1'm very




pessimistic about the success of the VAS programs scheduled ton
O'Hare. The reasons arve quite simple, to Jdate | have seen no
evidence of an adequate Pilot Education Program and yvesterday |
saw slides that said that simulation assumed wide-spread pilot
acceptance. 1 do not believe we will have wide-spread acceptance

without an education program,

o tllustrate why 1 feel this way, picture this. Here's a
crew coming into Q'Rare. lt's snpowing, they are very near diverting
because of fuel, The captain has just moved over from the vight
seat, the engineer has just come oft the panel atter eight years
of stagnation in the second ofticer position, and all of sudden
when they pick up the runway lights, they see a 747 ahead of them
and thev sav., "My that guy looks awtully big, what is our spacing,”
and so they ask,”"What is the spacing?" He savs three miles and to
quote a phrase from a magazine that we all know, "l learned about
VAS from that." I think his immediate reaction will be, 1 want
five. We take that gentleman, we put him in the peak workload
condition, and on approach to O'Have, loading him up with a tew
other tactors, and at that point, introduce him to an experimental
program, 1 think that's wrong, and any man who has that initial
exposure to VAS will reject it. [t the program starts out with
such a backward step, or & black eye, word of that kind of operation
will spread throughout the pilot community much taster than »
positive word might, So, | urge the FAA, Transportation Systems
Center, and those who want to see VAS work, to get busy on a Pilot

Education Program right now,

Secondly, a briet comment about alleviation, 1 too have &
question about the liability of a vortex. In October, there was
an incident in San Juan where a light twin undervtlew a Heavy,
subsequently, the twin c¢rashed with tatalities, Right now, there
is a lot of effort going on by some people to try to attack the
Heavy as causing the Light airplane to crash.  So, how the Light
aircraft got to where it was at the time duriang the approach is a
very interesting story, but nevertheless, the liability tactor for

a vortex must be explored,
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With

respect to alleviation, 1 also have a worvy that if we
were to achieve reduced longitudinal sepavations along the final
approach path, what will be the pilot reaction to an encounten
somewhere 1n the terminal arvea? \ssume he's in the terminal area,
and we have VAS working, and it does have some degree of acceptance,
it a tellow tinds a vortex outside the marker, will he accept what
the VAS Program can provide tor him on the leg of the iournev from
the outer marker inbound?

\lso, with respect to alleviation, 1 think, this period of
time, when we see the airvlines in a scramble for routes, scramble
tor aircratt, new personnel and lower taves, vou probably will en
counter managements which are not willing to discuss, too seriously,
at that point in time, additional cost items for each and every
landing approach.

WVAS - quickly a comment here for shopping tor sensors, |1
would like for each of vou to reconsider the benetfits of an onboard
sensor,  We would take it to all airports, we would take it inter
nationally, and would it be ludicrous to ask a8 question, "Can a
single sensor be developed which could see wake vortices, wind

shear and clear air

Lastlyv, myv though
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twiation. Rudership i1s on the incline, and more and more are

coming to benetit trom the good of aviation.

I think we ought to blow our own horn a little bit. Thank

you .,

AT & 14 Y

CAPT, DAVIES: 1'm & non-technical person, 1 don't know

how yvou got intlicted with me.,

When | was listening to the people giving their papers vester
day, 1 was reminded of the statistician who drowned in a lake with

an average depth ot six inches,

tor some ot vou, O'Hare's my baby. 1 couldn't tell vou much
about Kennedv of Boston or Zurich, but O'Hare, the bigpest arrport
in the world, is my home. You actually have two aivports there,
a north and a south airvport; they have separvate frequencies and
are actually operated as two airports., That's how they can handle
all the airplanes. We actually land on three runwavs and take of't
on two simuitaneocusly, which was scary when 1t started but we

fearned to accept it.

We!

ve had our firvst 3,000 movements in one dav, and that's

every 28.8 seconds either somebody has taken oft or landed.l doubt

very seriously i1t you're going to improve on that. We also had our

tirst day when the O'Hare computer locked up. They put so much 5
data into it that the memory banks, physically, ceased to turn.

Fhe cure ftor the problem is a long-range deal where vou have to

extend the memory. 1t's not something we can do very easilyv, }
vou're going to plug in a lot more paper and a lot more wives,
the cure to the problem ts that somebodv goes down and takes some :
of the data out, so that the computer will accept data from Chicago :
Center again.

O'Hare's getting to the point where | teel we should really 5
consider, as Jack says, landing someplace else for a while.

There's another thing that 1 teel might have been overlooked,
and that's Vortex Encounter Peports, 1 doubt very seriously it

more than 10 or 20 per cent ever get reported. [t vou go out,and

most of us will be going out on a commercial carrier, stop that
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crew when they get onboard and tell them you're going to give them

two-mile separation at the end, and see what they say. DPid they

ever have a vortex problem and if so, did it ever throw them over,
i

It doesn't have to be a Heavy, it can be a 727 or some other air-

craft and give you a pretty bad ride.

I'd like to also point out about O'Hare. We're handling more
airplanes at O'Hare now than we did before there were heavies, 1'd
like to go on and point out that I think this system is going to
be extremely hard to sell, and I feel the more lead time that you
give to the airlines to put it into their ground school the more
quickly it's going to be accepted.

I got the opinion yesterday, right or wrong, that its just

il

about completed, that you have the programs and now it's going to

be operated, the system is all in. I would love to See an announce-
ment by December 15 that it's going to fired up on April 1, May,
June, or August, or whatever you want to do, so that you got more
than this 45 days. A note to the pilots and they read the initial
file, cannot cover all the data that was put on the board yesterday.
The ten years of experience that you've got with this system,
collecting the data, or the system has actually been monitored for
two years now, or something. The airlines will put it into their
ground school, I can't speak for General Aviation or whether they
will disseminate it like the Business Pilots Association. They
have their problem there too, and it's going to be much more
difficult to get all the corporate pilots that are scattered all
over the United States into this program, but, I would sincerely
feel that you should give them more time to know that this was

coming.

I also foresee two airplanes on the runway at one time. We
shoot regular minimums now to O'Hare at 1800 RVR and it some guy
doesn't turn off right, he's going to be down in the soup awayv.
That, of course, is one of the big problems 1 have with Category
II, that is that you can't tell me the runways are clear, and I
can foresee us going back to where there are three airplanes

between the outer marker and the airport. Well, for the non-
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tlying, that's going to be difficult to understand, but that puts

a pilot right on the edge of his seat, there'll be a guy over the
outer marker, there'll be somebody touching down, If one guy blows
it, the guy that's touching down doesn't clear the runway, the guy
in the center doesn't slow up quite as much as vou expected, it's
going to be sticky, and what happens when the guy goes around, is

going to become a real serious problem,

['d also like to point out, and I guess this has all been

.

thought through, that it was pointed out that the spoiler deflection

cut down on the vortex, and | won't question that at all, and it
was also said that 1t was going to increase the cost about §
landing.

Based on information | have on our carrier, which dosen't
have a Heavy, that could cost a big carrier with a lot of Heavies
in the neighborhood of a quarter of a million dollars a vear, and

[ know that ATA is going to be very upset with that,.

Well, thank you again, for allow' ng me te speak to you.

MR. WEDAN: Any questions at this point®

Yes, we have one here.

DR. TYMCZYSZYN, JR: I just wanted to swer some of the

things that Jack and Joe said. It's very (u that we have not t
started a training program with the air 1in®s vet. We've talked :
with the ALPA people at headquarters .m‘\sx:?: the safety people !
and to the airline management, but we haven't gone out to the line !

pilots.

The main reason for that was that we haven't proved the safety

of VAS to our satisfaction until quite recently, so, there's no

way that people like me or Hallock or anvbody else is going to '
go out and start telling line pilots, or have the airlines tell the i
line pilots that they ought to fly three miles behind a heavy 747, i"

[f we weren't sure ourselves it was safe it would be pretty hard

to sell skeptics on something that you are not even sold on your-

self. So, we had to wait until this point, to start,




Now, on November

» We met with the aivline chief pilots that

operated at O'Hare. We talked to them about what would be necessary
for them to get their pilots going on it., They said they would need
 minimum of 45 days to educate their pilots,

We're planning to give between two and three times that much,
0o, Instead of starting 1in id January (which we could f we
announce December 1) we'll probably wait until April 1 to tart VAS
0o, the pilot education time would be December, January, February

and March, and 1 agree that we have to fire up our pilot education

real fast on that, and, 1t will be the Airline Managements, and
not the FAA, that will educate the airline pilots. The FAA will
provide then with the film that you saw vesterday, and technical
briefings or people to be present as necessary and we'll provide

ALPA with any material they need to put articles in their magazine

or ALPA briefings and so forth. ALPA wants to get out the ftact
that if you don't want to participate im VAS, vyou don't have to,
ind we're going to stop VAS immediately if there is an inciden
ind investigate it

The next thing, Joe mentioned business pilots in AOPA. \s was

i 1 Yo

sald yesterday, light aircraft are not going to participate in VAS,

We haven't proved that safety at this time, so any Light aircraft

are going to have the same separation that ays had

s0, there's no particular need to educate them, at least, not now.
.

»
For the business aircraft that are in the large category,

12,500 pounds and above, they will be in VAS and we have to get the
word to them, [t's a lot harder to get to the business aviation
community than to the airline community, but we have things like
the Airman's Information Manual and that will probably be our
primary way of getting to that segment of the pilot population.
As you saw yesterday, the business aircraft over 12,500 pounds at
O'Hare are probably 110 per cent of the total aircraft into O'Hare.
That's all.

MR. WEDAN: Thank vou Joe. Any other comments?
Questions? Okay, betore introducing our last speaker tor the

session, I'd just like to take a moment to remind evervbody that




while we are in this process of getting a system up to an oper-
ational status and concerning ourself with such problems as

education of the pilot I would like to add the controller community.

One of the prime purposes of this get-to-together is to
recognize that we've achieved significant progress in creating a
ground base system, and there's been significant work done in the
area of vortex alleviation at the source, particularly through

the spoiler deflection technique.

Ve have the problem of what do we do now, where do we go from
here? That, again, I hope our workshop sessions will address very
seriously, Now we did hear a paper yesterday and several people
made the comment that we're working a problem, but who needs the
answer - the people from the industry? The air frame industry has
said that if they contacted the airlines about putting modifications
on their aircraft, whether it's retrofit or new designs, there's
kind of an uncertain attitude about the need for them. The sug-
gestion here is, perhaps, what is the motivation for moving ahead.
The next step ought to come from the Air Transport Association or

the airline industry.

I hope Frank Brady might be able to shed some light on that

part of the question in the next few minutes, Frank.

MR, BRADY: Thank you, Bob. 1 don't know how deeply I'1ll
get into that particular question, there are some competitive
forces involved, and some of these things that we can address and
others we cannot address, but, anyway, I would like to give you

as much of the airline view as I've been able to assemble.

Aside from safety, delay holds top priority as the number one
operating problem of the airlines today.

Delay causes massive inconvenience to the public and is
exceedingly costly to the airlines. 1In the single month of
December 1977, the air carrier delays added up to 22,898 hours one
month, a total of 4,875 aircraft were delayed over 30 minutes.
Cost to the traveling public in 1977 was estimated to be three
hundred million dollars. And airline losses attributable to delay
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added up to well over two hundred million doll

of a half a billion dollars in one year.

Put in terms of a single aircraft, one ai
delay costs of a 747 to be more than $46.00 a
airline estimates its 1977 delay losses to be
dollars, single carriers losses, fifty million
fuel waste for the industry caused by delay am
hundred and fitty million gallons, For these

are vitally interested in cutting delays from

Because our record keeping is imperfect,
portion of overall delay is attributable to in
tween aircraft because of wake vortices, We d
that it 18 a substantial contributor even thou
a view of our high density airports. The incr
spacing between aircratt has caused a marked
capacity. [t takes only simple arithmetic to
average increase in spacing from three to five
capacity by 40 per cent during those hours whe

demand exceeds the saturation point.

Six airports, O'Hare, Atlanta, Kennedy, L
Francisco and Los Angeles have in the past acc
half of all US airline delays. Saturation at
forecast to increase further and the FAA has p

additional airports will suffer increased delay

Excessive spacing between aircraft dictat
1s an important contributing factor to the del
It effective reliet is not provided, this list
grow and the number of hours ot saturation at

increase and compound the problem,

Now recognizing the serviousness of the pr

facing, the operations executives of the airli
the following statement, and | quote, "The ai
as a matter of highest priority for the soluti

spacing between approaching aircraft, Efforts
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ground based systems for detection, such as the Vortex Avoidance
System and development of aceradyvnamic suppression of vortices on

the aircraft itselt."

his airline attitude and priority on wake vortex has heen
conveyed to FAA and NASA many times and at many places, it's also
been convevyed to the Congress. Wake Vortex Avoidance and Allevi-
ation Programs in both agencies have been strongly supportive, and

're not aware of any shortage of funds to carry out this work.

Woe
At the present, I hear signs that at least there might be a pinch

coming, but, at the present time, there are funds for the work.
Ll . .

Nevertheless, the FAA Program has been delayed again and again
since 1970 when FAA initially announced increased separation

standards behind Heavy jets.

After some vigorous prodding by the airline industry, the FAA
in 1972 announced a five vear plan to cope with the problem. The
goal was to have a test system operating at O'llare by mid 1974.
The completed svstem was scheduled for mid 1975 and was to be

integrated into the ARTS III by 1976.

I will spare you all the details of the slippage, revised
schedules and mountains of data collected, but we are still waiting
for operational test results of the program. At this workshop, we
are getting a better idea of how soon that's going to happen. 1t
is probably unfair to sav that the program has been mismanaged.
It's now c¢lear that there 1s a far more complex problem, than
was originally anticipated, I think the complexity is not one of
technical complexity so much as it is the responsibility, the
procedural aspects, and all that. I'm talking now, of course,

about the ground svstem,

There is also some indication that the FAA may have gone a
little overboard in analysis and testing, this thing has been
tested and tested and tested., You can't have too much of that,
but on the other hand, vou have to cut it off at some point and

RO to work,

e . o




Wind Shear Detection has moved much more rapidly than the
Wake Vortex Detection, and Low Level Wind Shear Alerting Svstems
are now in place and operational., These systems have similarities,
and there's an excellent opportunity tor some common usce of certain

components that will allow economy of installation,

Unfortunately, unless the integration of the two svstems is
speeded up, most of the programs wind shear svstems will be
operational before installation of the Wake Vortex Svstem is
started. The airlines have long pressed for compatible siting

of sensors and an integrated program,

Though 1 have talked about the lack of detailed delay infor-
mation there is a growing airline recognition of the need ton
improved methods of evaluating syvstem performance as 1t relates

to delays, and fuel waste and system capacity.

Some excellent analytical tools are now available but they
need better input information to assure that the tindings arve valid,
FAA Programs, such as Real Time, ATC System Performance Measure-
ments, and Uniform Delay Reporting are promising as a means of
obtaining valid data and as a mecans of pinpointing problem aveas.
The Data Collection Programs now under development by FAA, should

go a long way towards getting the needed data.

It should be noted that any attempt to automate the terminal
Air Traffic Control must take into account the variable spacing

requirements imposed by wake vortices,

The metering and spacing svstem of the tuture must include
adaptive separation to realize the fullest potential of 1ts use to
increase airport capacity. On a long term basis, the most at
tractive solution to the wake vortex problem would be to eliminate
the generation of vortices at the source. 1 think this is a very
obvious conclusion, and this has been brought out time and time
again, here.

From the time the problem was recognized carly in this decade,
the airline industry has actively encouraged rvescarch and develop

ment programs towards this goal. The problem is a ditticult one,
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and even the expenditure of over ten million dollars in NASA R§D
funds, or whether they were FAA funds transferred to NASA, from
1972 through 1976, has failed to produce, at this point, an accept-
able solution., Each of the schemes tested thus far has included
penalties in aircraft weights, speed or fuel consumption. It's
particularly disappointing that after the extensive NASA work,

we have seen no evidence that the results are showing up in the
new generation of transport aircraft, Now, I realize in saying
this, that this conference is saying, well, the airlines have not
asked for it. However, the airlines have indeed asked, and as 1
said, many times and many places for solutions to the problems.
The problem is one of getting an acceptable package, a prototype
solution, and that I think, is a matter that's going to have to be
worked out between the air frame manufacturers and the airlines,
and 1 think that the time has probably come for that to be done.

It will be disappointing, however, if the new generation of
aircraft do not benefit in some way from the work that's been done
in the past.

Now this approach is admittedly a long term solution, retrofit
of aerodynamic devices on existing aircraft is difficult and also
expensive. Computer programs of existing control surfaces may
offer an attractive solution where the flight control system is
adapatable to such modifications.

In any case, significant ATC improvements from the alleviation

of wake vortices at the source will take a very long time to

achieve. Nevertheless, it would be reassuring to see more activity

in this area.

The amount of delay caused by wake vortices and the impact
on airport capacity is quite sensitive to the designation of
Heavy, Medium and Light categories of aircraft. Joe Tymczyszyn,
Sr., and Bill Codner both spoke at length on this subject.

We note that a MITRE Report issued in March of 1976 analy:zed

this problem, and concluded that a shift in the dividing line

between Heavies and non-Heavies from the current three hundred
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thousand pounds would vield a capacity increase of roughly three to
six per cent at major airports, such as Midway, O'Hare, Los Angeles,

and JEK.

This change would have the effect of placing stretch versions

\
b

of the DC-8 and the Boeing 707 in the non-Heavy category. Such a

potential increase in capacity is attractive, and indicates the
importance of a careful selection of the dividing line. My point
is not that the current rules arve wrong, but that an arbitrary
selection can have a major effect on airport capacity, and as it
has been pointed out, it should be studied and i1t there's an

opportunity there we should take advantage ot 1t

There's a point, most of the emphasis has been on alleviating
the effects of wake vortex on aircraft approaching the airport.
This is only part of the problem, and we would urge increased
emphasis on improving take-oft clearance rate, because this too
can contribute significant amounts of delay and can have an
important effect on airport capacity.

My recommendations, at this point, would be to fivst wrap
up the test program as soon as possible. There should now be
adequate data upon which to proceed with an operational program

based on a ground base svsten,

Second, set a firm date for the start of VAS operation, and
hold to it,

Third, place increased emphasis on improved take-ott clearvance
rate using techniques similar to those on approach,

Four, expand procurement and installation programs to include

those airports where peak hour saturation is a problem now, or is

expected to be a problem in the near future.

Five, continue work on the development of improved sensors, |

Six, examine criteria to determine it the dividing line be-
tween Heavy and Medium airvcratt is overly conservative or whether

1t 1s optimal or not,




Seven, improve data collection on air traffic control delays
to determine, more specifically, the causes of delay and to

identify that portion attributable to wake vortices.

Eight, accelerate programs to develop satisfactory prototype
systems for wake vortex reduction on new aircraft and transfer the

tm‘hnnlug\' to aircratt manutacturers for new generat ion &ircraft.

Nine, integrate for a possible wind shear and wake vortex

system,

Ten, above all, let's make decisions on reduction of

separation in those areas we already know are safe.

MR. WEDAN: Well, there we have it. Okay, now, by this
time perhaps, something has occurred to you that vou'd like to

talk about before we break into our workshop sessions,
JOE .

MR. TYMCZYSZYN SR. : I'm not going to let my son beat me to
the punch. Yesterday, when he shut me off, I had two important
items on that list there. One was item 12 or 11, it was an air
borne wake vortex detector, and I think we don't have a certain
segment of the aviation community represented here and that's the
electronic people who make little gadgets that help make our life
a little easier.

In the course of doing the testing for wake vortex strength
and alleviation, we asked people working on the data, if we

couldn't have something in the airplane, in the test airplane, to

help us find a vortex. Now, we have developed the svstem where

the people on the ground can tell vou, that ves you are in the t
center of the vortex, you are in the core, or vou're approaching !
it rapidly. Now, from a pilot's viewpoint, believe me, if vyou can
hear the vortex coming, particularly an unalleviated, strong :
vortex, where you have a fine nice size tube with very high veloci :
ties, you can hear it approaching. It's sort of a dull whistle. '
You can hear it, even through vour crash helmet. Then vou reason, §
"Why in the heck can't we have some electronic equipment in the !
airplane to help us find it." |
;
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Russ Barber in the T-37 that we have at NASA, had put on the
first attempt. That was a bread-board model of these tiny little
tubes on the wing tips of the T-37 with little acoustic sensors in
there, sweeping through the acoustic range, and a little needle

saying it's left or right.

Since we only carry 20 minutes of smoke in the 747, 1011 or
DC-10, every second of test time is precious and you dedicate that
to ways of working on a basic problems, and not on perfecting such

instruments.

We have been trying to alert people to the fact that an air-
borne wake vortex detector may not be too difficult to work on,
and I'd just like to bring out in this workshop, the fact that
there is some potential there, maybe we're not the right people
to be working on it, but, there ought to be someone interested in

that particular phase. Thank you, Rob.
MR.WEDAN: Thank you, Joe.
Jim,

DR.HALLOCK: First of all, we have issued a report from TSC
by a contractor, where we have looked at the airborne wake vortex
detection. I think I have some copies in my office if someone

wants to look at it.

Secondly, some general comments. The results we've been
getting from our friends in Great Britain from their incident
reporting system are very, very valuable to a person like myself
because we're really getting to understand what's going on in other
phases of flight,

Question: My question to Jack and Joe is how come we're not
hearing much more from the NASA Incident Reporting System, the

3

Safety Reporting System, about these incidents? Has it become such
N J .

an everyday occurrence that vou don't report them or what?
Answer: (By Jack Howell) 1 would have to agree with your

answer to your own questions. The reasonably common occurrence

is to get a nibble now and then. It would only be the violent

upset that would be reported to the NASA System, which brings me
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to a question that [ made in my notes yesterday. How are we doing

for time?
MR. WEDAN: We are doing fine,.

MR. POWELL : 1 guess the question when somebody says,
"What is an unacceptable encounter or an acceptable hazard?" Well,
I needed a definition for that. My way of thinking of an unac-
ceptable level of encounter is anything that would cause you to
miss the approach, death being at the other end of the scale and
extremely bad. But, I think that's the kind of thing we ought to
look at when we're assessing probabilities and encounters etc. If
it is a break off of the approach, that's the level at which I
think we ought to set our goals. MNow looking at Safety Analysis:
With respect to vour first question, I agree, 1 think there are
nibbles that you get on final and vou just know what they are,
and vou move out of the upset, a little bit off center, however,

using whatever other visual conditions to get out of the encounter.

MR. BARBER : Russ Barber, NASA, Really, my question goes
| to Joe Tymczyszyn, Jr. The concept of the VAS is all predicated
' on no encounter, in fact, he said several times, if we have an

| encounter, we'll knock the system off and start investigating

f .
| it, immediately.
I fail to understand the logic, then, of why it's not safe
E for general aviation if it's safe for transports when it's totally

predicated on zero encounters. I wonder if he could elaborate

on that?

Answer: (By Joe Tymczyszyn, Jr.) Well, I want some help here
from Jim flallock, too. 1 see what you're saying there. It's not
totally a zero encounter, it's also the fact that it's okay for a
727 to hit a very weak vortex, but, it's not okay for maybe a PA-

28 to hit the same vortex.

Jim, do you want to handle it.

Answer: (By Jim Hallock) I think I understand the statement
that Russ made. It really is going to be safe for both the GA

and the commercial airlines according to all the analysis that

7-35




we're seeing. We do have a couple of basic problems that we want
to look at, before we go all the way, because of the way the
analysis was done. But, ves indeed, 1t should be safe for both of
them., There is no question, because we're not talking about a
non-encounter, Given the conditions, our green light conditions
and so on, everything seems to point to everything being fine,

no matter what you're flying. However, just because of the way
the analysis was done, the mathematical approach one takes to it,
we can't absolutely say that yet because of the philosophy of the

mathematics.

DR. TYMCZIYSZYN, JR: The way Flight Standards is worried
about the safety, we're looking to TSC for the safety analysis, and
what they are willing to support is safe, if we buy off, but, if
they won't come to us and say that we've been able to show that
it's safe, then we're not going to say it is, so they haven't been
able to support fully the safety of the Light aircraft, so we are

not going to include them.

Another reason we're moderately happy about starting, without
including the Light aircraft is the problem that if vou don't have
a glide slope on your airplane, you can't participate in VAS be-
cause vou hit the outer marker, descend on down to MDA, {ly level
and be set nicely for a vortex encounter. Now, we planned to get
the word out through Airman's Information Manual, and whatever
sources we have, that if you don't have a glide slope and you are
going to use a localizer only approach, you've got to tell the
controller, you have got to announce it's a localizer approach,
and that you would be given the larger separations of today.
Frankly, the number of people that read the Airman's Information
Manual is not very encouraging, and we might have problems. 1It's
easier to start with the airline community where they have dual
glide slope and a much better training program to include general
aviation,

To change the subject, it looks like we've come ftull circle
on the chicken and the egg problem. Let me misquote about people,
['"11 probably mix it up, but will show the chicken in the egg
problem,




Frank Brady said that the airlines are very interested in
alleviation and that they are disappointed the alleviation isn't
being sold on the next generation of aircraft. The airframe
manufacturers that we heard from said that they have received no
expression of interest from the airlines at least, not in terms
of people ordering airplanes and being willing to pay for allevia-
tion. NASA said that FAA has treated alleviation with, I think
Al's words were benign neglect, so, they are going to pull out
their money after this fiscal year; and for the FAA, I said that
I didn't think a notice of proposed rule making, requiring allevia-
tion, would have a chance of floating in the industry because the
alrlines and the aircraft manufacturers would shoot it down during
the comment period. I think we have a pretty good definition
here of the chicken and the egg problem where nobody wants to make
a move on alleviation, and I think that's one thing we'll have to

address in our workshops.

MR. WEDAN: Thank you, Joe. 1 did hear very clearly here,
Frank Brady indicating the views of the Airline Transport
Association, that there is an urgency to move ahead. There always
has been an urgency to move ahead by the airframe manufacturer to
develop alleviation. I think that's point ten in your ten points
or so, so I'm wondering if the egg is being split open and the

chickens about to appear.
Phil, did you have a question?

Question: (By Philip Klass) I'm not clear on the relation-
ship between the new, as of August 1978, ICAO separation standards
and categories of aircraft by weight. Why are those not being
used by the U.S. as a member of the ICAO, or are they being used
at what one might call ICAO-type airports? Can somebody clarify

that for me?

MR.WEDAN: 1I'd like a volunteer for that one please.

Who can handle that one? Joe.

Answer: (By Joe Tymczyszyn, Sr.) The definition of Heavy

came about in 1970, just about the time that we were certificating
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the 747. When you wonder about 300,000 pounds, where did that
come from, that has no basis in the world of aerodynamics or
physics. It was a convenient dividing line that would catch the
large 707 and the large PC-8 in a same family of airplanes as the
147,

When the first 747 arrived at Orley, the airport was shut down
for one hour, because of a threat of wake vortex turbulence. So,
in order to say, now wait a minute, this is a lot of funny thinking
in an engineering world, we said, weight is certainly a dominant
factor in a world of airplanes with an aspect ratio of seven, so
300,000 pounds would form a convenient dividing line. There's no
real merit to it, so, I think, if you want to consider it, it is
time to rename those categories and something well over 300,000

pounds would be convenient.

For example, a 1011 or DC-10 at landing weight; at Los Angeles
1t can land on a south runway even with the tunnel restriction.
In a sense, it's approaching the weight of a heavy 707 or DC-8.
It is time to think about revising those weights. We didn't know
any better, in the first place, and that was a good point to start

with.

MR. WEDAN: I think we got a couple of volunteers for

comments. Bill Codner, first.

MR. CODNER: Thank you. I wouldn't care to answer really,
on behalf of the U.S. in this regard, but I think the answer to
your question, if I understood your question correctly, Phil, "Is
the United States applying the ICAO separation standards?" - the

(2

answer is ''Yes.

The UK is applying modified standards which are slightly
stretched, because at this time, we are not confident of the
information that we have that the separation standards that were

agreed to in ICAO are necessarily good.

Question: (By Robert Wedan) I've understood that ICAO has
replies to lower boundaries, or the boundaries for the low small
airplanes upwards from 12,500 to 17,000 kilos. Is that a UK

boundary?
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Answer: (By Bill Codner) No, that is, the UK is revising

this, becausce, at the moment, we are not really satisfied that the
ICAO standards are satisfactory for our use.

Now, I think the answer for the U.S. is that vou are using
the 1CAOQ standards at the present time, and we're using separa

tion standards which are slightly more stringent.
MR, WEDAN: Wim, did vyou want to add to that’

MR. AARDOOM: Yes, just a short one. Being at the ATC, where
the guidance material was produced; first; the two limits were
open to debate. First, 170 ton limit allowing only 1011, DC-10,
and 747 to be called Heavy, The other option was 136 tons which

1s obviously now the guidance material.

Both were in the draft material; for one reason or the other
some ATC Education Commission members had some damage, about
something else, and to erase out 170 tons without consultation with

states, as | understand it from the proceedings.
The ATC left both options open to be decided by the states.
Thank vou.
MR. WEDAN: (o ahead, Frank,.

MR. BRADY: Since, we are not rushed for time, I think it
might be interesting to the group here. Many of vou may not of
heard of this incident, but it invelves a very light category of

aircraft involved in a wake vortex accident.

The pedal power aircraft out on the desert, before the Kramer
prize was won, I'm not sure whether it was actually in flight or
sitting on the ground. [ see somebody nodding and maybe somebody
knows this story better than I. But, anyway an agricultural
aircraft took off, and the story I heard was that five minutes
later, the wake vortex broke this airplane, and so maybe it we

have to divide into categories, mavbe we ought to go down pretty

low in this situation.




MR. WEDAN: Well, maybe we have to have a category for the

Gossamer Condor,
Jack Enders has his hand up.

MR, ENDERS : 1'd like to respond a little bit to some concerns
expressed by Captain Davies and Joe Tymczyszym, Sr., regarding

airborne vortex detection,

Earlier in the NASA Program, we attempted to see if, as an
alternative, one could visually mark vortices in an environmentally
acceptable way, This was pretty much of a long shot that we tried
at JPL.

It paid off to a limited extent 1in that what evolved out of
that effort was a Chemical Marking System that is useful for
research purposes, but the hardware involved is a bit cumbersome
for operational use. Specifications we had laid on were that the
trailing vortex had to be marked for a short period of time and
then disappear so that in a normal, heavy air traffic situation
vou wouldn't fill the terminal area with visible smoke or harmful
chemicals, This was one effort to provide some self-vortex-
clearance capability to that traffic which would be concerned
about vortices.

Regarding more sophisticated sensors, I think that some of
the recent success we have had in clear air turbulence sensing
and wind shear sensing, might in the next two or three years bear
some fruit in the area of sensing vortices.

We have three systems that we are going into the air with in
January, February and March aboard the NASA Convair 990. There's
an infra-red radiometer system that Pete Kuhn, from the NOAA Wave
Propagation Laboratory,is working on; there is a Passive Micro-wave
Sensor that came off the Nimbus G Satellite that is being engineered
by JPL; and then, of course, our old standby, the Laser Doppler
Velocimeter from Marshall Space Flight Center.

All three of these systems will be aboard the Convair 990 in

early 1979 to sense common patches of turbulence and to see how
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each of these three different system concepts perform. The infra

red radiometer that Pete kuhn has bheen working on, has already
been applied to the arrhorne wind shear detection problem and has

met with some sSuccess.

We hope that while perhaps none ol these individual concepts
alone may provide all the answers we need, we may get out of this
seriecs of tests an indication of feasibility of some Kind of a
hybrid system, where combinations of features of these three con-
cepts might provide the answers to all these problems, at lecast

far the pilet ok the large gircraft,

MR.WEDAN: Very good. hank you, Jack. [ sSee two more

hands. Let's pick the one in the back, Joe, first.

MR. WHITE: Thank you, sir., My name is Lawson White,
International Air Transport Association. This,of course, 1s an
international problem which is heing addressed here in the United
States, and, with the exception of what ['ve heard from the United
Kingdom and the Netherlands, very little seems to be happening
internationally, | can envision some problems, perhaps in some
states, accepting the criteria which will be adopted at Chicago
when this VAS system goes into operation, and 1 would like some
body to respond as to what is being done internationally to make

the criteria acceptable, internutionally?

MR. WEDAN: Okay, the question was, "What is being done to

effect, I believe that's a ground based system that yvou're referring
¥ K

to, specifically, the VAS system that would be employed at Chicago,

O'flare, the international adoption of that technique?'" Any
volunteers for that question? 1 don't see a resounding desire to
respond to it, and 1 think this comes into one ot the categories
of work to he done. Pilot training is also in the area ol work
to be done. I think, 1 would agree, and I'm sure others would
agree that this is an area that hasn't yet been fully developed.

Fhere's a lot of work to be done.

Does anvbody wish to add to that? Joe.

=Ty




DR. TYMCIYSZYN, JR: Well, since I had a question to ask
myself, 1 might as well try to respond to this

We haven't ofticirally announced vet mtention to tavt

the VAS on April 1, although we've bheen saving it here in this

meeting ., The oftictral announcement will come very shovtlv, l

send the word up to the International Aviation Section ot FAA

thing.

1 airline pilot requests pre-VAS separations, he will bhe given t
I { i

but obvious Iy we'd ike to get the word out in time,

MR, WEDAN: | would sugrest Joe, that inmce this quest

15 one that ix closest to vour work that vou might want to dis

i1t further in the workshop, and since 1t appears to he in the
ol a recommendation of work to be done in the tuture, mavbe tt

one of those things vou'd like to tnclude.

DR. TYMCUCZYSZYN, JRy Well, there's not much to discuss, i
tust something we have to do, and 1'm glad vou brought i1t up,
when I got back to work, I'1l get the word up to the Internati
Aviation people in FAA and we'll start the process.

MR, WEDAN @ Joe, did vou have any other comments?

.

MR, TYMCZYSZYN,SR.: Yes, | had a question for EFrank Brady of

guess what we're going to have to do, we and FAA, will have to

will then distribute it to the channels to get the word to the

other nations, ' m not really familiar with those channels mys

- If a foreign carrvier doesn't bhelieve in VAS, and we've ex

up

who

elt

but we have a group in FAN that's supposed to handle that type of

tended the option to our own people, it a toreign carrier of any

hem,

ton
cuss

arca

L™

Lha
and

onal

\TA, and mavbe the airtrame manutacturers might want to vespond

TO0.,

You spoke highly of the alleviation and several times vou

said to FAA, and NASA and Congress that it's a good thing and

work

should continue. Do vou know 1t any ot vour membev airvliines have

ever inquired of an airvtrame manutacturver about the possibilit
having one of their aivcratt moditied with an alleviation svst

or a new aircraft delivered with an alleviation system ov gett
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a cost estimate, or doing this, or, in other words, has any airline

gone any further than endorse this to NASA, FAA and to Congress,
Hfave they gone to the airframe manufacturers, and asked what it
would cost them to buy that type of alleviation equipment on an
aircraft?

Answer: (By Frank Brady) Well, the answer is, [ have no
knowledge of those cortacts, it's not necessarily true that we

would learn of it, but, I don't know of any such contacts.

MR. WEDAN: Any of the representatives from the airframe

manufacturers like to comment on that?

MR. LUNDRY : 1| only know of one such contact and | believe
it was Delta Airlines, came to us about two years ago, and we were
discussing the 7X7 Program, which has now developed into the 767

Program.

The question that was asked at that time was, we were con-
sidering implementing a program at that time, it we delayed the
start of this program by two or three yvears, what improvements in
Wake Vortex technology will occur that we could then use on the
gircraft?

We showed them what was available at that time, in terms of
NASA results and Boeing's estimates of the cost, and they felt at
that time that those were unacceptable, and that's the only

question that | am awarec of.

I should remind you that I'm in a rescarch group rather than
a product development group and only learn about these things

second hand.

MR. WEDAN: [ think that it's worth discussing in one of
the workshops, yours Joe? The question of what the role of
government is to stimulate the action, if any? Should there be a
leadership role performed by the government, and if so, in what
sense, and should it be a NASA, FAA type of responsibility, or

should we let the market forces dictate future steps?
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|
! \
|
I'd like to sugpest that, even though we're a little bit |
ahead of time, that this might be a good time to get underway with
] the workshops. Has anybody got any burning point they want to make
at this time?
t Yes, | see one.
! MR. CROOM : Delwin Croom, NASA. 1In vesponse ta the ’
questions just asked, has anyone approached this type of activity,
installation, or testing or something on an alleviation system? E

We have had some contacts, 1 think thev would be very
interested in doing something with the A-300, We will be discuss
ing this with him at his meeting coming in the States, in March,

he's scheduled to come over.

First preposal is, if you try to tell them what to do, they
will furnish the airplane and make it work. 1 don't know what he
means, but, that's the understanding 1 have. I predict that will

be the first one with alleviation.

MR, WEDAN: The master plan for the day calls for return
ing here at 3:00 p.m,, this afternoon, where we will hear the

reports trom the three workshop chairmen.

I believe Ken Hodge and 1 will be making the rounds during
the day to sce how the work is proceeding. I it appears as though
there's a chance of getting together earlier than that, it might

be valuable to interact a little bit, because we are dealing with

three separate questions, So, we'll be trying to bend the schedule
a little bit, and please, keep alert to that possibility if you

drift off on your own,

Now, just to remind evervone who's interested where you are
going, the tivrst workhop deals with the Wake Vortex Alleviation
at the source, and Joe Stickle is the chairmen of that, and Joe,
will you please raise your hand, He's right back there on my left,
and that will be up on the 12th floor, in the Management Information

Center.
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The second workshop deals with the development of Wake Vortex
Avoidance Systems. The advancement bevond the Advisory Systems on
the ground based equipment; Guice Tinsley is the chairmen of that,
and he's raising his hand up in front here, That's in room 947

that's on tloor number 9.

Workshop number three deals with the question of operational
and safety procedures and regulations, and that will be chaired
by Joe Tymeczyszyn, Jr., and everybody knows where you're sitting

by now, I think. He'll be meeting on the 11th floor in room 1120.

Again, with the possibility that we try to get together a
little earlier., [ hope to see vou all then, and Ken Hodge and |
will be looking torward to vour comments, Ken, do you have a

comment now?

MR, HODGE : 1s there further elaboration on the laboratory
tour agenda?
MR. WEDAN: There was a note 1 saw on the blackboard
indicating a tour of the laboratories that is scheduled for 11:30
a.m,, please sign up.

1 anvbody wants to make any turther comments on that, as to
what the tour would involve, what laboratories would be displaved,

or whatever? Yes, Bill.

MR. WOOD : The only requests we've had are for the voice
response system and the tirve testing laboratory. Both of those
will be available. If you meet out here at 11:30 a.m., there will
be somebody to take yvou to both of them, They last about 1§ to 20
minutes, I'd say. One of the labs is upstairs, the other is down
in the other building, and it will probably be over by 12:00 p.m.,
easily. You can sign up out theve, if vou would. There are about
five people presently signed up, which we can casily take through
one straight tour, 1t there are others we would like to know

about it now.
We will be leaving at [11:30 a.m., right out here at the

blackboard,




r, S e e mm________‘

MR. WEDAN: Breaks for coffee and for lunch are at the

discretion of the session chairman. So, if you get hungry, blame

them. We'll see you a little later on this afternoon,
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MR. HODGE : (Gentlemen, we're now at Session 9, which is
to contain Reports by the Workshop Chairmen. The way we thought ;
we would do this is to allow up to 15 minutes for each of the *
three chairmen to give their reports. This will give us a few
minutes for some questions.

1'd 1ike to remind you all, that for those here or those who
have attended and left early, the record will be kept open for 60
days for further input that one would like to see put into the
Conference Proceedings.

The bus will be here at 4:00 p.m. and it will go as soon as

we're already to go. Since I don't see Joe Stickle, I think we
could start with you, Guice. Are you ready? All right, so we'll
have next Workshop Two, Development of WVAS on the ground. Here's
Guice Tinsley.

MR. TINSLEY: As soon as I find my notes, we talked about
Wake Vortex Alleviation also, so you won't be able to tell the
difference.

MR. HODGE : 1 might mention, too, that the Workshop
Chairmen should strive to get a fairly clear typed copy of their
notes to both Bob and me, as soon as they can. 1It's not necessary
today.

MR. TINSLEY : Okay, what I'm going to give is a majority
report from the Committee and as [ offered, anybody on the Com-
mittee that wants to talk, will have time, ['m sure.

The first thing 1 want to do is just quickly go through a
little bit about the Low Level Wind Shear Alert System that we

are installing, which uses anemometers. We clarified the differ-

ence between this system and the Vortex Advisory System that's

in Chicago.

There are a couple of misunderstandings that ['ve heard
throughout our sessions here and some of the questions indicate

a misunderstanding that maybe I can clarify quickly.




The VAS System in Chicago will, handle very shortly the
wind shear task, and what I mean, is that it will be able to

detect this 15 knot vector difference.

The VAS System can handle a wind shear problem. It's a pro-
gram change. We're going to put a different display down in the
equipment room as a demonstration device. We are not going to
interfere with the VAS operation until we're finished with this
operational demonstration, but there will be a display down in
the equipment room. It will demonstrate that the VAS will do the

wind shear problem.

The reverse is not necessarily true. I say not necessarily
because the way the system is designed now, it will not do the
VAS problem. That's not to say that there might not be some
design changes or some improvements that could be made so that
the Low Level Wind Shear Alert System could do the VAS problem,

but the way it is presently designed, it will not do it.

There are several reasons for this, and the primary one is
our data rates that we deal in. The VAS System uses ground lines.
The data rate from the remote towers is two per second. In our
Low Level Wind Shear Alert System, we poll the towers once every

seven seconds sequentially. It's a vastly different data rate.

[ hope I've made myself clear. The Vortex Advisory System
that's at Chicago will very shortly handle the wind shear

problem.

Future VAS systems will be able to handle the wind shear

problem. A single system will do both.

The Low Level Wind Shear Alert System as it is now being
installed does not handle the Vortex Advisory problem. They are

not compatible at this time.

That was a question of the gentleman from Miami. He's going
to have one of the Low Level Wind Shear Alert Systems going in.
He said, "Why don't we put the VAS in with it?" Well, this just

cannot be done at this time.




Now there's a difference in cost in this too. 'he Low level

Wind Shear Alert Systems are being installed. The equipment
costs about $35,000. lhe installations costs are running about

$35,000. So for about §70,000 were putting the systems in,

The Vortex Advisory System in Chicago costs us about $000,000,
over $400,000 being for installation. This is probably the most
expensive one that will be installed because Chicago essentially
has two airports. So we think that possibly a half to a third
of the cost for the next one. But, because of the extensive
ground cabling that had to go into Chicago, the expense was quite 3
high. We had to have cement encased conduit. The City of Chicago ]
is very vestrictive on the way they allow cabling to go into
Chicago, and this is expensive. Looking at the future VAS
installations, depending on the accessibility of ground lines,
there could be a vast difference in the installation costs for

VAS Systems.
Okay, we got into a Vortex Alleviation discussion.

A quick summary of it, I think we have an appreciation, and
I think evervbody's pretty much in agreement that what we talked
about in the ground world is sort of an interim step, and that
the ultimate answer and the desire of evervbody is to have a

Vortex Alleviation system that's designed into the airplane.

Certainly we support the work that's going on at NASA, and
I hope that there is some way we can encourage whoever has to be
encouraged to continue this work, and that we are interested and

we do recognize that the final answer has to be in alleviation.

lhings we got into, there are some specific objectives that
we're working towards, and let me read them to you so you realize
what we're going against.

First objective was, "What is the requirement for the develop-
ment of WVAS?" Now, again, the difference between the Vortex
Advisory Svstem and the Wake Vortex Aviodance System is not clear

cut. We're not sure, exactlyv, what a Wake Vortex Avoidance Sys-

tem would be.




It was asked by one of the gentlemen in our group, "Are you

considering an airborne detection device as a possible WVAS?" |
think this is an excellent point, and as we work towards this
design of what a WVAS might be, we must continue to consider what

we can do with airborne sensing.

The point was made, and 1 think it was a good point, that as
we go into the MLS environment, an airborne detection device would
possibly allow you to fly a different type precision approach and
actually avoid vortices ahead of you. I don't think we tradition-
ally do this on ILS Final now, but with an MLS type approach, you
could fly a precision approach, and you could avoid a detected

vortex ahead of you.

We do feel as we look to what the future holds, that we must
gain VAS experience at Chicago. That is, we must operate, we
must find out what we can do to gain maximum advantage from this
type of system. Now, if that means additional sensors for enhance-

ment, that should be pursued.

We should look at ways that we can extend the area of cover-
age. The work we've done up to this point has been out to the
outer marker, and we must see what we can do to extend this out
to where they turn the aircraft on final at a place like Chicago.
Now possibly this is an area where we're going to have to get
additional data, or we must look at possible merging techniques
where we are able to avoid the areas where the vortices might be.
Well, we've got to look at two things. We need more data so that
we can resolve the issue or can we come up with a merging technique

different from what they now do at Chicago.

Another thing that we feel we must do as we look to the
future, e.g., come up with a better understanding of and a deter-

mination of hazard criteria.

One of the ways that we looked at this was proposed by one of
the gentlemen involved in flying the airplane. It is straight
forward, breaking the approach into three areas. Middle marker
to touchdown, where he felt the encounter might put him into the

ground. This is certainly unsatisfactory. :

6-6 i




~—yTo

lhere's another area that runs from the middle marker out to
the outer marker region, where an encounter might force him to

make a missed approach. This is operationally unacceptable.

l'he third area is any position outside the outer marker
where an encounter might be termed an emotional type impact. In
fact, an encounter might upset vou a bit, but it would not prevent
you from continuing the approach. This is one way of looKing at
it, but we need to have an acceptable definition so that we're
able to scope what we can do in these areas out beyond the outer

marker.

F'he second objective we work towards, since we didn't answer
the first one was "What should the priorities for development be?"
What I've been sayving already, we should proceed with the VAS,
doing what we can to enhance it, doing what we can to expand the

area of coverage.

We felt that we should work to include both transport and

decay criteria in the present system.

If we are able then to accomplish near 100 per cent effec-
tive use at three miles with VAS, then we should proceed to the
next logical step of two and one half miles. As we approach this
(going below three miles), then somebody and 1 think it's got to
be somebody within our group, look at the total system problem.
That is, "What happens to our runwa) occupancy time?" '"What
happens to getting airplanes from runways back to parking areas?
and, "Where do we park this highly efficient fleet that we're
bringing in every two and one half miles in a very heavily used

o

airport We rapidly approach other bottlenecks once we become

efficient and are able to overcome the vortex problem.

The third question we asked is, "After identifying the Vortex
Elimination/Avoidance Interface with the overall airport capacity
problem, is metering and spacing required for a WVAS System?"

Now we use the metering and spacing hang-up as an argument that
if we need metering and spacing, it is not really available, and
may not be available for a couple of vears, so, this is an argu-

ment for mavbe not proceeding as fast as other people would like
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toward a Vortex Avoidance System

The way our discussion went in our group was simply this. £
you are going to go to a reduced adaptive type spacing, that is,

tailored to aircraft pairs, there must be some kind of metering
and spacing.

\s soon as we drop below a conventional or a three mile

spacing across the board, then the requirement as we go

~

becomes greater and greater for metering and spacing.

[ think we also voiced the opinion that we probably would not
! t

walt to add VAS enhancement for metering and spacing but should
continue at a rapid pace

Let me conclude and just *ize very quickly the important
points. We think we ought to pursue the VAS, extend the coverage

in both time and area, and look to the additional sites.

We certainly need a better definition of what a WVAS might

be, and work towards developing whatever long-lead items might
exist in this system, and | say specifically in this area, "What
can we do with sensors that can actually track vortices?™ .

Third, where we recognize the VAS, VAS as a short-term
interim approach, we must proceed with the Vortex Alleviation

=} . E +
aitrborne solution.
MR. WEDAN: (\‘H(‘Sfik‘”ﬁ. betore vou :\‘(".‘

\UDITENCE MEMBER: ["ve got one to start with?

MR. TINSLEY : Yes sir.

Question (By Audience Member) 1 got the impression, Guice,

that we're talking about continuing Chicago as a test bed area,
an operational test bed area, for an indefinite period, as we move
on toward various enhancement ideas on the basic VAS. 1s that the
opinion of the group that this would be the case, and if so, how
do we arrive at some sort of a design description, or a freeze or
a configuration in control, if vou will, that could be used for

implementation at other airports?
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A\nswer (By Cnice Tinsley) Well, | can see where vou come to

et i

that conclusion, the way we keep talking about things that are
going to improve, but, take them separately, vou know, why would
we use Chicago to demonstrate the wind shear capabilitv. Well,
that's the only one we've pgot to work on. We're not going to

tmpact how it operates as an advisory svstem, but using the com

puter and the input from the winds that come ‘in from these towers.

\ny change that we would make, the addition of another sensor,

ves., 1t would change it, this would be in a test site demonstra

tion condition apgain, Any future site that goes in 15 going to
be tailored to that airport. It's not going to look like Chicago.
50, each site will be tailored and 1 hope we could include the

newer additional sensors that give us greater capabilities so
that they may not be a standaid until we get, mayvbe, two or three

airports down the road.

MR. HODGE : Okay now, Joe Stickle, are you ready for the
report of the Wake Vortex Alleviation Workshop? ;
MR, STICKLE : CGuice said he ended up talking about allevia

tion in his workshop, We talked only about avoidance.

¢ Q1C come 1 Nd HOMEe  Ssumme statoemeneys, anc \ 3 i (8]
We did con up with l 1y tatement i 1'd like %

begin by stating what the objective was,

First, we were trying to assess in the group what we thought
the state of the art is. With respect to current designs and to
new designs, 1'11 say that there was not a unanimous agreement on

the technology assessment for either case.

Ihe second objective we wanted was to recommend specific
arecas of rescarch or demonstration that would be requirved in
order to anitiate an tmplementation program.  We never reached
the second objective because we never could decide whether to
have an implementation program.  We rveached the latter conclusion
because we couldn't agree that the state of the art was ready., |
will make some statements, summarizing what we thoupht the state
of the art was and what the group felt needed to be done, before
we could implement Vortex Alleviation.  llowever, we didn't come

up with any recommended best approach.
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Let me have that (irst slide {or the Vortex Minimization.
The tirst summary statement is that there does appear to be a
renewed interest in the source alleviation. The early attitudes
that had been reflected prior to the conference was that VAS, the
Vortex Avoidance Svstem, would solve the problem and alleviation

could be eliminated.

From the comments that were made during the conference the
Vortex Advisory System is a starting point to get us back to the
three mile separation. However,for improving or increasing aii

ort capacity in the future, it's not a solution to the problem.
!

There was agreement within the group that alleviation at the
sourve is feasible as has been demonstrated both in model and
full scale. However there was also the feeling that the mechanism
of the alleviation is not really understood. Fhete are various

ways of altering the vortex roll up and enhancing 1t's decay.

We've got some good ideas, but we haven't gone into an indepth
design study that shows we can practically apply it to cither the
current tleet or new altrcraft. Fhat doesn't mean we can't work
the problem. We do this through the experience we build up 1in
testing empirical solutions, and in the use and the exercise of
the analytical tools that we have. But, we areée the first to admit

that we don't understand all the phenomena of alleviation yet.

The next point is that alleviation is a long term solution.
If we had decided today to proceed with alleviation, it would
be a number of vears before the svstem would realize the impact
of any reduction in delays that would be a result of the allevia

tion.

Ihe point on the other side is that the capacity problem,
which alleviation is supposed to help resolve, is not critical at
this time. Projections indicate that 20 airports will exceed
their capacity by, I think, 1985:. So we're really looking at a

long term problem.

I really think this is the time we ought to be looking at a

long term solution.

010




Neither NASA or the FAA know at this time what the cost of
implementation will be because that's going to depend on the
i particular solution or mechanism that's put on any given aircraft,

and it may vary from one airvcraft to another.

One point that was brought out with respect to alleviation,
is that anything done to change the landing configuration of the

aircraft would be implemented at all airports and be used all the

time.

4,..-,-.

From the standpoint of safety, this would probably be good.
I ) | ) !
But, if it's going to cost you $2.00 to $5.00 an approach as

indicated earlier, vou will be applying the solution to all the

s

airports, and your problem may be only at 6 to 20 airports. The
cost really should be considered from a total airport or system
situation.

lhere were some inputs from discussions with industry about
vortex alleviation. These comments had come carlier in the vortex

program and were from talks that the FAA had with the manufac-

turers.

The first comment is that the management indicates doubts
that the technology is ready. They're not ready to commit to it.
They're not convinced that alleviation is here to the point that

they can design it into the airplane on a cost effective basis.

Solutions that we have proposed today increase the noise, or
increase the fuel consumption and are in conflict with other
national priority problems. For that reason, they would like not

to have to consider vortex alleviation.

There is a resistance also to a passing of a regulation today
which they feel to be a future problem. The problem there being

capacity.

lhe last point is that the cost/benefit is unknown. We
talked a lot the other day about separations and delays and what
it does to you, but the vortex contribution to separation or the
vortex contribution to delay hasn't been identified, and it's a

key point.
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I think some of the future studies that are undertaken by FAA
or others, ought to consider trying to indicate what part of the
delay is attributable to the increase in separations necessitated

by wake vortices.

May we have the next slide. I think this was pretty evident
throughout the workshop. Nobody's really satisfied with the situa-

tion we have.

As Vern Rossow pointed out, we have sort of a chicken and the
egg situation and we have a lot more chicken than we do eggs. On
the other hand, the incentive, either a financial incentive, a
legislative incentive, nor a liability incentive, exists which

would force anvbody to make a decision.

That sort of summarizes the general discussion that we had,
and 1'd like to get into some of the recommendations that the

committee or the group workshop did come up with.

Number One. That rescarch and development should continue to
look for new and improved concepts. The Vortex Minimization Pro-
gram as we heard vesterday, will be phasing out at the end of
1980. Vortex minimization research should be continued and 1
think it's pretty well assured that NASA will continue at a

small R§D level with a limited amount of resources.

Continued research should be a recommendation from this
committee. The recommendations that follow tend to expand on

what would be done in a rvescarch program.

The government, and [ put that as government becausce we
didn't decide whether it was NASA, FAA, or who, should sponsor
studies to identify the cost and complexity of some of these
modifications that we are talking about. Those modifications may
be applied to the retrofit case with the current fleet, or to the
new designs that are coming down the road.

The recommendation was that a high priority should be put on
looking at the new design case, because if you can influence a
design for minimum cost, it's going to be done during the pre-

design phase, not after the aircraft is built.
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There was one other arca that we did talk about and we tried

to come up with a recommendation. It was relative to how do you

O 7

get off of the center of the fence. The suggestions that have
been proposed include the FAA issuing an advance notice of pro-
posed rule making and getting the industry to respond. That met %
with mixed emotions right then in the room. Another was to work ]
with the airport operators, particularly at the congested airports
and start charging landing fees based on the amount of air space

that you utilize during an approach.

There are several financial and regulatory approaches that

o

i could be taken, but we as a group 1 don't think are qualified to
make specific recommendations to those issues. 1 think 1t 1s an
issue that ought to be taken to the industry and to the airlines
sitting together in a room. If they decide that the problem
(capacity) is not big enough to worry about, then we ought to

leave the room and simply continue a low-level RED eftfort.

Is there anvone from the committee that would like to add or

subtract from the things that 1've said? 1f not, then you can

open it up for questions.

MR. GESSOW : I think that in some respects the recommenda |
tions might be a little inconsistent with the points that were
made earlier. One of the things that didn't come through clearly
is that most of us felt that although our understanding of the

phenonena is incomplete, it tmplementation was decided upon, then

there is enough knowledge in hand to carry out an implementation
program for a specific aircraft if the costs and the other bene-
fits warranted a decision to start such a program.

MR. STICKLE : Okay, that understanding was vours, mine,
and several others in the room, although 1 didn't think we had a
unanimous agreement in there, that that was the casc.

MR. GESSOW : There might not have been unanimous agree-

ment, but most of the group felt that way.
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MR STICELE & WNell. 1 feel like that, and you felt like it,
and 1 think several others felt like it, but there were some there

who did not.,

MR. GESSOW : Well, then, if your first point represented a
consensus of the group, then why should we pgo on with recommenda
tions two and three?

MR . STEGKLE & Well, for one thing, we've demonstrated
alleviation on the existing fleet. We've done it from an eéxperi
mental basis, but not from an operational sense. So, we need to
identify what cost would be associated if vou would apply that con

cept to the current fleet.

I think several of us felt we have the tools today that can
be used to assess and evaluate some of the changes on the new
designs. Working with the industry, 1 think they can take those
and then turn around and give us an idea of what that cost would
be, and then have & comparison of what a retrofit versus a new
cost would involve.

MR. GESSOW : One further comment: I would like to sce ltem
> stated a bit more broadly, namely that the government should
sponsor studies which would investigate the implications of imple
menting some of these alleviation procedures, including economic,

operational, and safety factors.

MR. STICKLE : I guess, that was my comment on complexity,
because the complexity that's involved not only involves the
mechanical complexity, but the itnflucences of other opervational
problems, and safety problems that vou might have. Arve there

ather comments?

Fhere is one question Jerry Chavkin raised at the last moment.
He wanted us to vote on whether or not we ought to press for flight
tests on the BC-10, if they were to become available in February
of next vear. The consensus was that a vote would be premature
because we feel we don't have enough model data at this time to
support it. We do have additional model test that will come in the

March time tframe with the DC-10 in the V/STOL Tunnel which would
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be looking for improved alleviation schemes for the DC-10. Depend-
ing on what we have then, and after we have some of our landing
and ground effect tests cleared away, then we may consider the
DC-10 tests would be needed. Right now, we feel that it is too

premature to push for that as a major program.

MR. HODGE : All1l right. If there are no further questions,
we'll hear from the third workshop Chairman, Joe Tymczyszym, Jr.

on Operational and Safety Procedures.

DR, TYMCZYSZYN, JR: I don't have any view graphs. The
first part of the workshop dealt only with VAS, so I'll talk just
about VAS now.

The FAA needs to announce the start of VAS very soon. The
starting date will probably be April 1. We have to get started
real fast on pilot education. We asked each group what they
though they would need before starting. The airline group said
that they would need the FAA film; they would need a final writeup
with more details of VAS. In other words, more thorough than the
film, and they would need a boiled down version of Hallock's
Safety Analysis, as Jim's is one inch thick, but they need a much

shorter one that hits the high points but is easier to understand.

VAS should be a part of airline recurrent training, although
since that only happens every six months some of the captains
won't have recurrent training before VAS starts, but everybody
should be handled other than recurrent training through bulletins
and initial sheets and so forth.

Hallock feels that it would be very good for each pilot to
have personal instruction in recurrent training on VAS. For busi-
ness aircraft, we've got to get something out in AIM Part 3A
pretty quick. NBAA asked for about the same thing as the airlines
would get in terms of the film and our final write-up of VAS and
the safety analysis.

These comments we ought to coordinate, also intcrnationally and
with the Air Force. Myron Clark gave the phone number of the FAA
VAS Program Office and made them available to any group that wants

to have a meeting to discuss VAS further.
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We discussed and probably recommend that Flight Standards put

out Air Carrier Operations Bulletins in which we

Principal Operation Inspectors of the airlines an
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Number One, the air traffic controllers tell us the changing

of runwayv, in other words, tryving to get a green light runway

instead of a red light runway, loses vou more capacity than vou
\J

get by having a green light. Secondly, we're not going give the

1CYy

pilot a runway with a crosswind on purpose, especially if it's
or wet, just so he'd get a green light.
We did determine that there was an increased need for coordi

nation on VAS and the Low Level Wind Shear Alert Svstem as 1 have

already suguested. !
S " . §

Okay, .that ends VAS, Then we started talking about allevia Y

tion and betfore we got into a technical discussion of the opera '
tional and certification end of it, we came up with some big pic '

ture items.
Evervone was in agreement that it was obvious that allevia

tion is needed. [t's more a question of timing. One problem, of

course, is the benetfit does not accrue to the guy who pavs his

money directly: then there is a chicken and the cpp problem.

Nobodv wants to see the alleviation work die out. We do need
studies of operational and certitication aspects with FAA and
NASA.

Now, in the past, the airvlines have wanted to solve the delay
problem on the ground with FAA money, and this appealed to a large
number of FAA people, who were ground based oviented.  But, the
feeling is swinging around such that we now sce that alleviation
is extremely desirable and almost incvitable it the svstem is
going to keep growing: at least, we hope it will. The interest of

the airlines manutacturers scems to be on the upswing.

Ihe government, FAA, NASA, and TSC, should provide the leader

ship and the catalvsty though, we detinitely can't go it alone
without the airlines and the manutacturers,
The cconomic analvsis of these alternatives to achicve more

acceptance should be continued because we tound a lack of people

accepting the cconomic analvsis and its results,




Now, we then turn to specific recommendations on programs
which FAA, NASA, and TSC should find and undertake and support
with people and money to study the operational and certification

aspects of alleviation.

The first idea, which was similar to Workshop One, was to
give sced money contracts to the three aircraft manufacturers for
looking at how to certify the alleviated atrcraft---new and retro

i [

Now the idea here is to find out if they are certifiable and
how much extra cost, complexity, drawbacks, noise, fuel, and bad
aspects would come up, but i1f we know how to certify something
that means we Know it pretty damn well. So, tryving to tfigure out

how to certify it would get us a lot of answers,

The items in there, I'll just go over very quickly; vou don't
need to copy all these down, they'vre technical items like approach
speed, landing distances, spoilers retraction if near the stall,
increase pitch attitude, trim requirvements, f(ailuve mode, main
taining roll control without stopping the alleviation, noise,
engine treatment, fuel, structures,; operational items, and normal
and emergency missed approaches. The FAA certification enginecers
and piloets should be involved in this and preferably the FAA input
on this would be working with the companies in the region, so the
Boeing people would be working with the FAA Northwest Region

certification people.

It was pointed out that the company can't make all the deci
sions on what the FAA is going to accept. They've going to be
dickering back and forth with the FAA, so the FAA cCertification

people have to get in on it.

That was number one, not in priority, but just in the ovder

I'm giving.

he next project which would vequire FAA, NASA, and TSC work,
is a short term project to redefine the boundaries between the
categories Heavy, large and Small. Evervbody knows there's no
particular rational basis for having 12,500 pounds and 300,000

pounds be the boundaries.
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We should redefine it based on the hazard and not the maximum

gross take-off weight. There's some suggestions of using the
actual landing weight or actual take-off weight, we didn't get far
into it. But, we have situations now where a so called heavy 707
could land at a lighter weight than the so called non-Heavy 707 and

that doesn't make much sense.

Also, the 767-200 may eventually grow to over 300,000 pounds
but because of its higher aspect ratio: it will probably have a
much weaker vortex than a lot of the so called Large aircraft, and
might have shown an improvement of about 3 per cent, for example,
if the Heavy 707's and DC8's could be reclassified as Large.

Well, that's part of Phase One of a certain effort. Phase
Two is longer term and goes in a little deeper. How would we be
able to certify an alleviated aircraft, say an alleviated Heavy as
a Large or a Small, and, therefore, give reduced spacing behind it.
This would take work by FAA, NASA and TSC. They would require a
combination of flight tests, wind tunnel, water tank, smoke towers,
laser van, analysis, big computers, and we'd have to search out
the whole envelope to make sure there were no vortices anywhere.
Now, I leave the recommended research project for just a
minute to insert a few recommendations. T didn't find any enthu-
siasm in my group for rule-making, either advanced notice or notice
of proposed rule-making, and people felt we could, if you wanted
information from the industry, technical discussions, get it
faster through meetings like this or technical meetings, rather

than the advanced notice of proposed rule-making process.

There's also a discussion about the philosophy of rule-making
for increasing capacity as opposed to our normal function of rule-

making for safety.

We had a pretty lively discussion, but we didn't come to any
agreement on use of landing fees, that is, charge higher landing

fees for the aircraft that requires others to follow it at six

miles, and so forth.
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\nother effort that requires further R§D which is already

begun, but hasn't been completed by TSC and FAA and which may need

NASA help, is how do we get reduced separations outside the outer

marker and preferably with VAS?

At Chicago we're hamstrung in that the aircraft have five
mile separation outside the outer marker if it's a large following
a Heavy. Then you can use three miles inside the outer marker,
but you can't get there because you can't close up two miles in
two and one half minutes. So, if we could get shorter separations
outside the outer marker, that would improve the pavotf of VAS an

y .

lot, but we haven't been able to establish yet that it's safe,

so it should be investigated.

If we can't show that it's safe with VAS, then probably only
alleviation would work outside the outer marker which would then
allow you to get actual three mile spacings. However, there may
be problems in that event, because if the aitrcraft were in an
approach configuration outside the outer marker as opposed to in a
landing configuration, the alleviation probably won't work as well.
In that case it might have to be put into landing configurations
sooner and that would exact fuel penalties. So, we didn't come to

any big conclusions on that, but we did identify it as a problem.

On the DC-10 flight tests, February and March 1979, we felt
that the general concensus was we should try to fund it, because
if we miss it, we don't know when we are going to get another
DC-10 again for flight tests.

Now, on WVAS versus alleviation, and we included airborne
also, we just decided there wasn't enough information today to

make a decision on which way to go, but we feel that FAA should

split its money so that hopefully a vear from now, these projects
that we have talked about, would provide enough data to put us in
a better position to try to make a decision between alleviation

or avoidance or a combination of them. That 1s, we need to know

a little more before we can make major decisions on how we're

going to spend millions and millions of dollars over the next ten
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vears. In other words, do enough studies to assess them, not

necessarily to develop avoidance.

There was a lot of interest in airborne detection, a great

deal more interest in the workshop than there was in the session,

and people felt that money should be spent on it. Such that it

could be brought to the same status as the other two so it can be

evaluated also.

Another unknown was what do we do about take-off or departure:

Nobody's come up with anything vet, but we'll need it. i
: , e . 3
The final general recommendation is that we and the FAA :
should probably support a letter from the FAA Administrator to the 8

*

NASA Administrator re-emphasizing the importance of the program.
Then we should back up our words with money and people and get
together with NASA and TSC and develop an overall program plan for
using the money and people on the problem. That's all.

MR.HODGE : Do we have anv questions of Joe or any of the
prior speakers?

Question (By Robert Wedan) Did I hear an inconsistency
between vour recommendations on the DC-10 from the previous
recommendation?

Answer (By Joesph Tymczyszyn, Jr.) Yes.

MR, STICKLE : Yes, he did but yvou've got to remember one
thing, that we made it on the basis that we might have a model
test first. The model test is based on the availability of the
model; we could put together a model and run the test carvlier,
then we'd be in agreement. So, if we had the model to test

earlier, we could support that.

DR. TYMCZYSZYN, JR, : We didn't get a chance to discuss it
in detail although it was obvious that if we miss that time slot
of a two-week period at the end of February and carly March of '79,
there isn't going to be a DC-10 available for who knows when.

MR. HODGE : Now, it's the intent of Bob and myvself as

co-chairman to get together, hopefully, next week or the week
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after, at the latest, with the three chairmen of the sessions to
polish up the wording and what-not of these recommendations from

the workshops and have them included in the proceedings.

[ don't have any great words of wisdom to improve or enlarge
upon these recommendations, I1'l1l ask Bob if he does in a moment,
however. [his has been very useful to us in giving us some indi-
cations of the industry and other users' views on the subject of

wake vortex alleviation and avoidance.

Question (By Kenneth Hodge) Bob, do you have further words

Answer (Robert Wedan) 1'd just like to make one comment, and
I'd like to make it very clear, that the FAA is continuing work
on the program contrary to what vou may have concluded with

respect to NASA's program.

We are continuing the work on the VAS at Chicago, we are
planning to continue R&D work on enhancement possibilities, so
some of these recommendations that have been made are in alignment
with that. Our concerns about moving onto development work on
more sophisticated systems was addressed. We feel comfortable
that the comments coming back do .fit very well with our concerns
in that direction. We certainly are moving ahead with the program
and the only question that we really have to finalize now is the
extent to which we modify the progress we're making or intend to

make.

Incidentally, I would like to take this opportunity to thank
evervbody who participated in the workshops. 1'm very pleased with
the feedback that we got, and we hope that we can polish it up to
make something sensible out of the whole thing, and again, 1
appreciate the participation by everybody.

MR. HODGE : As a final word, I'd like to say that a good
many of us here are familiar with the others working in this arca
from prior occasions, workshops, and what not, and 1 hope that

we've made some additional contacts which will open and improve

TR




channels of communication, so we can continue to work closely
between industry and the povernment side of the activity as we
continue our propgress on the wahe vortex avoidance and minimiza -
tion.

Ihank vou, again.
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