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The future is on the wing' WA
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How a dream team™ of retired aeronautical engineers and
test pilots challenged the conventional wisdem of
aerodynamics to develop a new concept for Blended
Winglet technology which increases the fuel efficiency of
aircraft up to an astonishing 7%. then formed a joint
venture with Boeing to retrofit the global aircraft fleet.

Thrust, 1iff, weight, drag, stability, and contrel are the technical obsession of all acro-
space engineers, from the ancients who first studied the wings of birds to modern
computer-trained engineers,

Although he would not have thought about them in those terms, Tbn Firmas was
concernad about those challenges of flight when he built the first flying machine
in ADE75. [bn Firnas watched birds flving and studied their wings carefully, But he
Failed wo notice how birds wse their tails when they land; and he ended up crashing
his invention into a mountain outside Cordoba, Spain. He told the spectators that
he had forgotten toadd a il to his machine, Hke a bicd"s tail.’

Leonardoda Vinci faced the same challenges of flight. Like I Firnas, he studied
birds and bats to learn the secret of their flight. He also dissected them. Among
other things, he observed that the inner part of natural wings moved more showly
than the outer part, and concluded that the function of the inner part was to
sustain rather than to push forward, In imitation of the birds and bats, he devel-
opid working gliders with fixed inner sections and mobdle outer sections.?

* The authors are graveful for interviows and supplementary ascistance by the fn'll:mr]n;
engineers and managess at Aviatlon Partners: Joe Clark, Maggle Clark, Dick Friel, Kim
Frinell, Louis “Bernie” CGratzer, Bobert T. Lamson, WA “Bill" Lickerman, Ted Lomasx,
and B.L. “Ddck™ Sears; by the following engineers and managers at Aviation Partners
Boing: Kevin Bartelson, Sheldon Best, Mike Stowell, and Jay Inman; and by President
Clay Lacy of Clay Lacy Aviation and Frﬁltbn'r'lhrﬂ Rne<kiow nd’h:-cqu Brsimess Jot.

1 See wwowangellioe cony realmodisaitva yers. litml.

! Information posted on wmv.:ng:lﬂam}thphml:{:mhnlm|ﬂmnird¢.hml hf
Wuseo Della Scenza ¢ Della Teomica.
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In 1638 in Turkey, Hezarfen Ahmet Celbei built 3 wing apparatus inspired by da
Vinei's design, and launched it from the 183-foot-tall (55 m) Galata Tower near the
Eosphorus in Istanbul. Celbei had waiched an eagle in flight, and Be made adjust-
ments to the da Vind design based on that great bird. His flight was successful.”

[n his 1880 book, Bird Flight as a Basis of Avlaties, Otto Lilienthal weote “we ane
forced to consider the flying apparatus of the bird as a most ingenious and perfect
mechanism.” Later, when the Wright brothers were trying to figure out how to
control an airplane in the 4ky, they too looked at birds, Wilbur Wright noted that
birds twist theirwing tips to stay in control; and he bullt a box kite with wings that
could be twisted in opposite directions, based on this idea, to make It bank and
turn. The Wright brothers called this principle "wing warping,” and it has inspired
hang-glider designers ever since,

“It doesn't break the laws of physics, but it does bend them rather beautifully,”
says a Boeing advertisement praising improved performance and fuel economy.

High-tech engineers are still thinking about these same challenges of flight, and
are still inspired by the disign of bird wings. Today, acrodynmamic engineers con-
centrate their efforts to enhance performance on lift, weight, and drag, Drag is the

BLENDED WINGLET CHARALTERISTICS
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1 Seethechapier on Hezarfern Almet Celbef in Evliya Celebi's book, Sspahamtmame (Book of

Trevel) pubdlished in eight volumes 15ed-1928, as posted on www.angelfire.com/
electronic/ sennunoelebi. html
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Frgurg 1.1 Zoaing business (e with Aviation Pariners Blended Winglats

acronautical term describing resistance to airflow, An aerodynamic shape has less
drag because it Is streamlined and can cut through the alr more efficiently. Reduc-
ing drag allows alrcralt to move forwarnd with less thrust, and so reduces fuel
consumplion., Conversely, for every increase In drag, there must be a cormespondd-
ing increase in power and fuel consumption.

T past this into perspective, a Boelng 747 requires a gallon of fuel for every 6.7 Ib
(3.8 1 for 3 kg) of its flying weight. As a result, it has to haul up to 300,000 Ib
(3000 kg of fuel, A more aerodynamic design allows an airplane to carry less
fuel and more passengers of cargo, of to have the capacity for longer non-stop
flights which add an important margin of safety and wsually command higher
ticket prices. For people In the aviation business, it is a simple squation: make
planes more efficient by reducing drag, and you generate money on cargo and
passengers and save on fuel at the same time, [t §s 2 central goal in the industry.

For those copcerned gbout the environment, improved aerodynamics and the
resulting savings of fuel reduces nitric oxide air pollution, cimate-changing
carbon dioxice emissions, and ackd-rain-causing sulfur dioxide emissions. 1t also
reduces the nolse footprint on the ground because aircraft with less welght and
-:I:ap, climb out of ai.'|:||.:-:|".:'. RO q;_uir;k_l}".
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A brief history of winglets

“Everyone knows that a wing creates a vortex at its tip, which creates drag," ex-
plained Dr. Bernie Gratzer when we interviewsd him at Aviation Partners about the
company’s Blended Winglet technology. Without sounding condescending, Gratzer
continued his lesson. “Drag, we know, i3 the enemy of flight, slowing the airplane
as it moves through the air. Reduce drag, and vou increase 1ift and velocity.”

Gratzer §s a young 81 vears of age and is the only member of the engineering
team at Aviation Partners who wears a tie. His wispy, white halr makes him look
like the professor he was after he left Boeing, where he had served as the chief
aeronautical engineer. He has a self-deprecating way of smiling and chuckling,
almost to himself, Gratzer has the clear eves and the nwinkle that we would come
to recognize as the Aviation Partmers team trademark.

In order to understand winglets, one must understand wings, Alr flowing over
the upper curved surface of a wing accelerates when it is forced to travel furthes
than the air flowing directly under the lower wing surface. The difference In
pressure betwoen the upper and lower wing surfaces generates necessary lift,

However, high pressure on the undersurface of the wing causes some alr to
escape at the wingtip, forming a powerful helical wake vortex (see Figure 2.2)
which reduces the available lift, The turbulénce that results wastes energy by
diminishing lift and increasing drag. The turbulence of the wingtip vortex is strong
enough to flip airplanes flying too close behind one another and it is a critical
réason for the stringent requirements for separation distances between aircraft,
particularly at take-off, The margin of safety for any aircraft decreases as the load
of fuel, passengers, and cargo approaches the maximum alrcraft rating because the
alrcraft becomes less able 1o accelerate or o execute the tightest maneuvers.

For more thin a century, physicists and avlation engineers have struggled to
reduce the effect of wingtip vortex and the drag it exerts, One method is to make
the wing longer, increasing its aspect ratio. The aspect ratlo of a non-tapered wing
is Its span divided by its chord. The span is the distance from wingtip to wingtip,
and the chord is the distance from the leading edge to the tralling edge. A wing
with high aspect ratlo is more tapered and loses proportionally less energy to the
wingtip vortex than a mose stubby wing does. But longer wings pay a penalty in
weight from the added materials needed to support increased bending.

Another way to reduce drag is to use winglets, which provide the effect of
Increased aspect ratlo, but with less welght than a longer wingspan, Winglets are
sinall, up-swept attachments to the aircraft wingtips that extend the trailing edge
and relocate and reduce the strength of the vortex, thereby reducing drag.* Wing-

4 Winghets are wingtip devices that primarily redwos Induced drag, which along with
other lift-dependent drag forces makes up almose $0% of airplane total drag. Thiscan be

expreised by the formula
Life?
Spani(pqe)

T this equation the dynamic pressure, 4, equals one-half the product of alrdensity
and alrplane velocity squared, The Oswald efficiency factor, ¢, socounts for lift-depen-

Lift-dependent drag =
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lets are not new. “The original idea of winglets has been around a long time,”
explained Gratzer. In 1897, F.W. Lanchester patented a vertical wing-end plate. But
there was scant interest until 174, when MasA engineer Richard T. Whitcomb
published the results of theoretical and wind-tunnel studies predicting potential
fuel savings of 4=5% from the technology. MASA and the US Alr Force began flight-
testing In 1979 and confirmed Whitcomb's estimates on a KC-135 equipped with
winglets (provided under contract from Boeing). The Us Alr Force, however, did not
proceed farther with winglet techmology after initial testing,”

In 1981, McDoennell Douglas tested the Masa designs further, and laterused them
on MD-11 and C-17 Globemaster 111 aircraft, Around 1983, Learjet became the first
company to install winglets on a business jet. In the 19705, Alrbus had been first to
equip a production airliner with small winglets, but the company changed back to
a conventional wing for the AzzofAz4e. Later, the Ilyushin 0-98-300 also em-
ploved conventlonal winglets; and Valsan obtained FAA (Federal Aviation Admini-
stration) appreval to retrofit winglets to the 7278

Hut these early efforts used large, boxy winglet designs and achieved only margi-
nal improvements in fuel efficiency, By 1000, most aviation experts had dismissed
or opposed winglets because they were sized impropery, shaped pooaly, and did
not work very well,”

Never too :::lcl_1_:|:_n d_::n thgiﬂp_q?sibl.e

After nearly a hundred yvears—and the best efforts of NASA and the major major air-
craft manufacturers—the aerodynamics of wings and winglets had proven too
complicated to improve with winglets. Because the glants of acrospace hadn't been
able to doit, many smart people assumed that it couldn't be done. Bul perhaps this

dent compoenents other than induced drag. The effectiveness of winglets stems primarly
from their ability to inceease equivalent span, but they alss improve efficlency by opti-
milzing the asmdynamic Ioading of the lifting sysiem. The AT Blended Winglet design
incorporates a smoothly curved transition between the wing and the winglet. A conven-
tiomal winglet in contrast, has &n abrapt connection to the wing with undesirable fow
characteristics that limit winglet performance. The Blenwlsd Winglet with high aspect
ratio promates full realization of winglet deag reduction potential while minimizing
frictlon and Interference drag factors that detract from the primary Benefits. Although a
basic wingspan increase will also reduce deag, the fundamental advantage of winglets is
that they produce substantially less wing-bending moment than 3 planar wing. Wing-
lets reqqubne less structucal welglt for the same equivalent increase in span. Ths, for an
opiimized winglet design application, the benefits appear a8 reduced drag as well a5
rechuced span and structucal weight.

5 Flight tests on the KC-135 indlmied that winglets resulted in about 5% fuel savings—45

millian gallans (171 million liters) per year—but the US Alr Force chose a Fusl Savings

Advisory/Cockpit Avionics Systems upgrade instead (Bd Davies, “Winging It Doeing

Welcomes the Winglet,” Ainvays, April 2001).

Thiid.

7 Be;&b:ﬁh;qw, “hfodern Winglets: A Lift for Commercial Afrlines,” Afrfimers 73 (Movemberf
Decermber 2001 1-4; Fred Geonge, “Getting a Lift Ot of Winghets," Busfness and Corr-
sreeretal Aviahion Infermational, February 1o98.
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wis really like the economist who was so captivated by his assumptions that the
market was perfectly rational that, when he saw a 100 bill lyving on the sidewalk,
he walked on by, assuming that someone else would have picked it up had it been
a real 100 bill,

COm the other hand, If Ma54 and the other glants of aerospace couldn't Improve
an the wing design or the winglet, then who in the world would be audacious
encugh to try? And would anyone take them serbously?

It turmed out that a Montana industrialist named Dennis Washington woualkd try,
and his Interest would ultimately set in motion a serfes of events that would pull
Gratzer and several others out of retirement and give them a chance to dowhat no
cne else had ever been able to do before.

Dennis Washington became an industrialist when he bought the Anaconda
copper mine in Montana, back at a time when the price of copper was so low that
the mining machinery was worth maore than the ofe itsell. Washington bought the
minewith a mind to sell off its trucks and equipment. But the price of copper went
up and up, and ke ended up keeping the mine, He also ended up making a lot of
IMEONIEY.

Washington was flying a Gulistream Il at the time, and he enjoyed the conveni-
ence and speed of his ovwn private jet. He was frustrated, however, that his Gulfstream
was range-restricted on coast-to-coast flights, and so when the new Gulfstream 1
came out he was a bit envious, 1t had o more stylish design and a larger range, Bt
Washington didnt want to spend millions more for a newer-model Gulfstream. He
wondered why there wasa't 2 less expensive way to modify his older Gulfstream to
make It look rmore stylish and to Increase lts range—to make [t more ke its
expensive sibling, the Gulfstream 1,

Washington called his friend Joe Clark. Clark is not an engineer or a former test
pilat, He has, however, been hooked on airplanes ever since his first flight on a
Learjet In 1064 In 1965, Clark founded Jet Alr, the first Learjet distrlbutorship in
the Morthwest, Jet Alr started out with only one jet and only one castomer, a
campany his father operated; but it was the [irst golden domino in a lifetime of
suceessful ventures. It grew quickly into a profitable business with a sales territory
covering Washington, Oregon, Alaska, and all of Canada. After Jet Alr, Clark and
Milt Kuolt co-founded Horizon Air, a Scattle-based regional aidine that was later
sold to Alaska Adrlines. Clark also founded Awstar, a global sales network that took
advantage of good deals on military-surplus training jets and sold them to private
companies and individuals.

Washington asked Clark if his Gulfstream [1 could be modified to look morg like
the Gulistreamn [T and to achieve greater flight range. Clark considerad the prob-
lem. IF he were able to dramatically improve the aerodynamic efficiency of the
Gulfstream s wing, he might be able to solve the problem posed by Washington
and glve him what he wanted, But Clark knew that altplane wings had had the
same basic design since the 19508, and he was familiar with the general consensus
among aerospace engineers in 1990 that there were few, if any, possibilities to im-
prove on the standard wing. A different man might have shrugged off his friend’s
request and gotten on with his busy life,

But Clark"s curlosity was piqued. He had been successful long enough to know
that the first rule in business is to know your own strengths and weaknesses, Clark
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recognized that he wasn't the man to say that the wing could, or couldn’t, be
improved. And this new aviation puzsle intrigued him. He decided to accept
Washington's challenge, and see if he could put together a team to figure out how
b substantially reduce wing drag while increasing the aesthetic appeal of the
Gulfstream 11 aincraft.

Clark started by calling his friend Eim Frinell, and together they studied the
technical and financial feasibility for a one-time Supplemental Type Certificate
(5TC) to develop a winglet to make a GIl more efficient. When the study concluded
that the modification would provide significant improvements in aircraft perfior-
mance, Clark decided to form a new company to develop the project.

Clark called a mecting at Frinell™s house, and included Bill Lickerman, Dir. Bernie
Gratzer, Bob Stoeklin, and Peter Jennings on the invitation list, along with Dennis
Washington. The team Clark assembled had the necessary engineering experience;
or at least he hoped it did. And Clark, Frinell, and Lieberman had the key business
connections at Gulfstream Aerospace in Savannah that would be needed to make
the effort a reality, he hoped. By the end of the evening, the team had a business
plan and enough optimism for Washington to agree to fund the venture.

Bernie Fracder gnd Jae CLark wilh Saircid and Blended Winglats

The team prepares for corporate lift-off

The team was rolling; but it still faced some major hurdles if it was going to
accomplish its ambitious goal, Surpassing one hurdle would not be enough. Only
by running the full mee could the team redesign a major Industry. And even prac-
tical meeds, such as getting data from proprietary sources, could prove 1o be an
Insurmountable hurdle.

The enginesring challenge was to test the Blended Winglet on the Gulfstream 0§,
VWhen Gulfstrearn designers balked at providing engineering data and engineering
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experience, Bill used the back doors he had cultivated as a salesman and got man-
agement override. D, Gratzer and the team collaborated on the design; a Seattle
manufacturer of competition rowing shells fabricated the prototype proof-of-
congcept winglets; and they were in business. Washington provided his Gulfstream
I for flight tests, Dick Sears, Frinell, and Licberman conducted “before and after™
Blended Winglet tests on the Gulfstream IT to confirm Gratzer’s predictions,

A second hurdle was to get Gulfstream If owners to buy the Blended Winglets,
Clay Lacy and Dick Friel were key in accomplishing this step, and their personal-
ities sbvow wi, Wen we came to interview the team for this chapter, Clark invited
us to join him at Bandy's [Mner, a short stretch from Boeing Field, The diner was in
& mixed-use area near Boeing feld, and had the feel of place where a working man
or woman could come for a lunch that would be the same every day. The design
was classic: Formica® table tops in booths that were lined up around the outside
edge of the diner, and a counter in the interior for those eating alome. There was an
added touch: models of Boeing and other aircraft suspended from the ceiling, The
cast of regular customers greeted cach other by name, and ouwr saucy waitresses
kmew just what [o and Clay wanted for lunch,

Clay Lacy met us there. Lacy Is a big, genlal man in his late sixtles who has a
winning smile and the soft deawl of his native Kansas. Lacy tells us about a day well
spent, going to school with his friend's four-year-ald daughter. The twinkle in his
eves shows his obvious delight, and vou can see that Lacy is a terrific grandfather,
Just about thewhaobe of Lacy's Llife has been dedicated to flying. He built his first gas-
powered model atrplane at age eight, and by the tfime e started Oving, at age 12,
Bre wis completely enamored with aviatbon. One of his Arst {obs was flylng “right
seat™ on Douglas DC3s, back in sz as United's youngest pilot. By the time he
retired, he was United's number one pilot in seniority, fiying 747-4o0s from Los
Angeles to Sydney, Australia. With over $0,000 hours of flying under his belt, in
every kind of plane, from Mustang P-515 to the 7475, Lacy has probably logged more
hours than any pilot on Earth.

Lacy has flown all over the world, from
: 5 Beijing to Moscow. In 1968, he founded Clay
WINGLET BENEFITS Lacy Aviation and built it into what many
comsider to be the premier West Coast busi-
ness air-charter company. He was one of the
first Gulfstream [ owners o adopt Aviation
Partners Incorporated (AFl) Blended Winglet
3 techiobogy, and be set more world records in
LIl marging of satet his zz-vear-old Gulfstream 5P than in any
Improswed handling and befter stability ather aircraft he's owned or flown, In June of
Faster climb fo altitud 1993, the winglets helped Lacy and Clark seta
High new Gulfstream climb record and a world
speed record from Los Angeles to Le Bourget,
Paris, on the way to the Paris Air Show. With
an elapsed time of 1o hours and 36 minutes,
Higher n . and an average speed of 5318 miles per hour
pl:-'r':lrrnanl:nzl : {mph) (850 km) over the 5,638 mile (9,021 km)
great circle poute, the Gulistream [I5F achieved
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an 83 mph (133 km) gain over the previous record of 448 mph (717 km). On the
return home, Lacy and Clark established a new world speed record from Moscoow
to Los Angeles, Ultimately, Lacy's world records and the publicity around them, as
well as his success with the Blended Winglet technology, helped him and his

colleagues 1o promaote the winglets.

The characters of the team

So much about the success of the winglet technology came dowmn (o the characters
of the individuals involved, Nothing about their personalities was to be taken for
granted; and thelr coming-together was not inevitable. In fact, it seemed quite far-
fetched at the beginning. Far from an ordinary corporate gathering, it was more
like the elaboration of a film script. It was like the movie Space Cowboys, where
Clint Eastwood, Tommy Lee Jones, Donald Sutherland, and James Garner are
retired test pllots who come out of retirement to fly a dangerous mission to disarm
nuclear weapons on an old Soviet space platform,

Even the AFT's office space came more out of a Hollywood script than from Main
Street. At their humble beginnings, with six engineers working around ene confer-
ence table, Clark housed Aviatton Partners' offices in the Flight Center FBO (Fixed
Bagse Operatian) at Boeing Field, The design engineers for Aviation Partners and its
offshioot, Avlation Partners Boelng, now occupy what used to be the restauramt
“Blue Max" in the original terminal building at Boeing Field, Everyone kesps an
cye on the long runway outslde the window, often Interrupting conversations to
comment on whose plane is taking off or landing, *That"s Clay Lacy in his Learjet;"
or "that plane is flying our winglets.” Desplte Aviation Partners” commercial suc-
cesses, the office still has the feeling of the start-up that it was not o long ago.

Dick Sears is a former test engineer who was
head of Might safety during his last ben vears at
Boelng. In addition to heading Ar's flight test THE DREAM TEAM
program, $ears 15 also program manager on
thee new Hawker $o0 Blended Winglet project. Joe Clark, aviation entrepreneur

Sears is a handsome guy, with a full head of Dennis Washington, Montana
white hair, industrialist

Lamson is B8 Fears old; and has the trade- Dick Friel, =ales and marketing
mark twinkle of the team at APL His long master
career includes many breakthroughs. His first Dr. Louis “Bernie”™ Gratzer, chief
caréer wat as an éngineering test pilot for aerodynamacist and dessgner
Boeing back in the forties and fifties, when he Bill Lisborman, progs af
won the prestigious Octave Chanute award. Rebart Lamssn,

He did the experimental test flights of nine Dick Sears. Hawk
different types of plane Including the B-50 e T
baamb=r and the XF 881, Froam 1949 10 1951,

Kim Frineil, program manager
Lamson was the chiel test pum on the 377 directar of PG 4'-rir|[| ;

Stratocruiser. After serving as a test pilot with
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Boeing, followed by a second career as an aviation technical consultant, Lamson
launched a third career in composite technology, reviving his pioneering interest
in organic chemistry. Many years earlier, in 1935, he published the seminal tech-
nical paper on synthetic plastics and their application to the moedern alrplane,

In rpég, Lamson built the wordd's first high-performance pressurized sailplane
out of compaosite materials. When he was honaored, in 2001, s a Pathfinder at the
Museum of Flight in Seattle, Washington, the award carried the following nota.
ton: “This would have been a remarkable technical achievement had [the sail-
plane] been budlt by a highby skilled team on a factory floor; that it was hand-built
by one man In his own shop marks it as the work of a tree Pathfinder.” The
sailplame, with a wingspan of 7o It (21 m), now hangs in the Museum of Flight’s
Great Gallery.

Lamson's role in the AP Blended Winglet program s in composite materials, He
supervised the construction of all prototype winglets used on AP test flights,
Lamson deflects credit to others, “It is the design tearn and the flight test program
guys who are the real heroes hene."

Along with Lamson and Sears, the team includes Gratzer, Lieberman, and
Frinnel. Except for Frinnel, all are in their séventies or eighties, and all are long
retired from Boelng. But they are obviously not done working. Most of thern st
come into the AR office, and for many of them this is not thels only job, Several
have consulting businesses as well. Clark explalns,

These guys have done it all. They goew up in &n era when the best in the
field knew everything abowt the planes they designed and fev; they
cold see the big picture, and they trusted theis intuition. Todsy, the new

generations are Lar more specialized, and only see the part of the problem
they are assigned to solve It's hard o optimize a plane when you only

kemow purt of 5L

Lieberman, after 2 stint as a commander in the US Mavy, joined Boeing as chief
flight test engineer. At Boelng, he was responsible for flight tests and FAA certifica-
tion of many planes, At ope point, Lieberman took tén years away from aircraft
design to sail his sloop Nemad about 35,000 miles (56,000 km) around the world.
Lieberman also runs & consulting company’ that had worked for Gulfstream on
certification. Like other members of the AP team, Lieberman is a confident and
respected enginees with a recond of success,

Frinell, the youngster of the group, alludes to a checkered past working for
Boeing, *“Lieberman hied me four times for Boelng filght test progrums and only
fired me once,” he savs. Frinnel has two first flights to his credit—the DC g-30 and
the 737-z00,

In conversation, Lamson talks frequently about the team. It is clear he not only
knows planes, he also knows people, *I'm a lucky man,” be savs; “1 get to work with
the best In the business. World speed record holders. Legendary test pilots. The
most talented aerodynamic engineers. The smartest folks in the history of the
business. Bernle Gratzer is a real engineering genius with the eye of Leonardo da
Vinei—he can draw a winglet with performance gnd style,”

We were soon introduced to another character: APT's Vice Fresident of Sales and
Marketing, Dick Friel, Frinnel describes Friel a5 "a group of people in one pair of
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Blended Winglet being installed on a Gulfstream

pants, with the humor of a dozen comedians.” Unlike cther members of the team,
Friel looks very Hollywood in his elegant Saville RBow shicts, with French cuff and
solid gold cufflinks, his yellow yachting tie, and his suspenders, Friel hired Clark
when he was VP of Marketing and Sales for Gates Learjet; and after that Friel took
over marketing management of 3 home imprevement retail corporation and then
started his own advertising agency. Friel came back to aviation when Clark started
AP and needed a marketing genius, *T just closed my company and came o work
fior Joe. | kmew hie was on to something really good,” says Friel

This top-gun marketing and salées wizard i5 credited with creating the awand-
winning Blended ‘Winglets advertising and public relatons campalgn. [n it, he
translated the advanced technology terminalogy of the Blended Winglets into a
“top=of-mind® awareness that mroved the technology so well that it dominated the
marketplace. "The bottom line,”™ says Friel, “is that our winglets let you fly higher,
faster, and farther. They make an old airplane look brand new again. They're sexy!”
Friel is also an actor who has made more than 1oo commercials and acted in several
movies, inclading one with John Wayne, In his spare time, DHck serves on the
Marketing and Capital Campalgn Committee of the Museum of Flight in Seattle.
Friel's experience and character was key to moving the winglets.
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The hurdles keep coming

Cmee the team had jumpad the second hurdle by getting Gulfstream 1 owners to
buy the Blended Winglets, the third hurdle presented [tself. Despite success with
the Gulfstream [ program, AP faced daunting challenges in persuzding Boeing to
adopt Blended Winglet systems on its business jets. Boeing aerodynamic and struc-
tural engineers believed that the additional weight and drag of the winglets would
cancel out the benefits.

But Bocing Business Jets (BB President Borge Boeskoy had customers who said
that the Blended Winglets looked modern and sexy, and those customers were
already asking for winglets. Compared to the small, angular, traditional winglets
you often see on commercial and business aircraft, Blended Winglets are notice-
ably taller and feature a smooth curvature transition betwesn wing and winglet.
Boeskow was the best Boeing salesman ever, and he trusted his Instinct that
something had to be done to distinguish the BeJ from its commencial version, the
baslc Boelng 737.

Clark cut a deal with Bosskow at the 1997 Pards Air show to design ancd bazild
winglets for Bl —on the condition that they would become standard equipment i
successful, But when Boeskov put in a request to Boeing for a test plane to balt the
winglets onto, he was told that none were avallable. 5mall obstacles such as that,
however, just make life more entertaining for him. Boeskov is a Danish immigrant,
by way of Ioeland, who wotked his way from earning $25 a week at a seed store to
presiding over one of the most successful executive aircraft companies in history.
“Easily discouraged” is nat a term anpone would wse to describe Boeskoy, Earlier in
his career, Boeskov had worked in the European sales division at Boeing and had
met pecple over at Hapag Lloyd, a German company that owned a charter/tour
fleet of 7375 Hapag Llovd agreed 1o lend him one of their jets for six weeks,
provided that he let them keep the winglets if they worked. The deal was set with
a handshake,

But the Boelng englneers reemalned pessimistic. Bob Lamson remembers the
pessimism that came from a particularly knowledgeable colleague. "My next door
nelghbor s a retlred Vice President of Becling, In his carly years he designed and
built the Boeing wind tunnel and is a great believer in wind tunnel testing, One
day, In an informal conversation, he told me he suspected that our calculations
were in error and our performance enhancement was too optimistic.” Imagine
being told by the inventor of the wind tunnel that your plans were doomed! A
person with less confidence might not have had the courage to continue,

[Mck Sears adds his own story about Boelng's pessimism:

I remember when we wens getting reacdy for the beit with Bosing. amd
meedded to visit the plant 1o go over the wing strength on the Boeing
Business et to make sure we could fit our product on peoperly. That day
a young enginesr met me 3t the wsourity gate to sicort me b the wing
ilivision, wihich b near tve back of the sprawling plant.

The 73-vear-old Sears bas the team s tracdemark sparkle in his eves as he continues
to tell his story.
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Duirimg our long walk, this voung man got to talking, and told me he
didn think cur winglets would pass the test, He sid that the Boelng
enginecss had caleulated that our systems might requing an extra 2,000
pounds [ooo kgl of welght just to steengthen the wings to scoemmodate
the Blended Wingbets, [ quietly told the young englnecs tt‘lﬂT“‘tdﬁlﬂI—
lated & totnl weight of between 200 and 300 pounds [go-135 kgl ® He just
shaok his head. He clearly didn't belleve me,

When AFI rolled out the borrowed Boeing 737-800, fitted with thelr Elended
Winglets for fight testing, 2 Boeing acrodynamics engineer boasted that if APl
achieved even a 2% performance improvement then he would fire all of his engl-
neeers and would quit his jab,

But the AP team remained confident, and with good reasomn: they were right. At
the test flight, Boeing confirmed a 5% improvement, To their credit, the Boeing
engineers quickly got on board and are now among the strongest advocates of
Blended Winglet technology.

Boeing ultimately formed the Aviation Partners Boeing Corporation for applica-
tion of Blended Winglets to Boeing business and commercial jets, The joint
venture has the advantage of providing full access to Boeing aircraft design specifi-
cations and engineering to the team, drastically simplifying evaluation of winglet
configuration. And each application to the FAA for new winglet configurations
builds on previous physics, engineering, testing, and flight experience with other
Boeing aircraft—speeding approval.

However, the marketing challenges remain daunting. Engineers and pilots
steeped in the old physics and technology remain skeptical about each new appli-
cation. The benefits of reducing noise and local air pollution areé undervalwed and
under-priced, and regulations on carbon dioxide emissions are not yet Imple-
mentsd globally, The Bencfts of safety from reduced wike turbulencs at airports
are neglected as well because “it would be hard to justify a technology that will
‘benefit the guy behind you.' **

But problems such as this have only been one more hurdle for the team to over-
come, And they have had much on their side. In 1999, for example, Joe Gullion,
President of Boelng Alrplane Services, sald, “With thousands of alrplanes as poten-
tial candidates for winglets, we see this as a great retrofit option for our customers
and a source for profitable growth for both the aidines and Boeing "'

API Faced other challenges while they were teving to set up the joint venture with
Boeing Business Jets. They had to bridge multiple cultures among engineers and
business colleagues. “Many of the voung engineers don't believe anything that
I=n't In thelr computer program,” says Clark. “While the computer s a fantastic
tool, if vou're not careful it also can limit your thinking, especially when you are
looking for a breakthrough, like we were, Our guys still know how to use a pendl,

B wWinglet designs for retrofit must secommodate (he existing wing shape and strocture bor
cach aipcralt, but can choose height, cant, toe, twist, taper, and transitional curvatue,
Cant is the angle the winglet is bent from the vertical. Toe i3 the angle of the winglet
surfaces relative to the direction of alrflow, Twist is the rotatton of the winglet as seen
from aborer, and taper Is the rate of change in the thickness of the winglet airfodl surfaces.

¥ "MNews Seam: Creating a Wake Vortex,” Sciemiffic American, bebroary 2o02: 16, -

10 From Aviation Partners files.
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a plece of paper, a formula, a slide rule, and the seat of their pants. Let me show you
the first model of our elegant winglet . . " Clark recovers from his office a winglet
cut-out glued on one end to a plece of paper and propped up on the other end with
a toothpick. Formulas and critical angles are penciled in. Somehow It seems

impressive.
And it 1s impressive. AFL's Blended Winglet technology has demonstrated signifi-

cant fuel savings on every demonstration airframe tested, and it should be suitable
for virtually any aircraft. Figure 2.3 shows the performance benefits on Boeing 7375

737-700/-800/-900:
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Figure 2.3 Winghel luel smangs. increased range and paylcad on Boning 7175
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Ower 1o, 500 commercial Boeing airplanes are

- - AIRCRAFT LEASING COMPAMIES
’{::';;‘;EEF;E:: Aﬂmﬂw f‘“ﬁﬁ OPERATING WITH API BLENDED
&gy inglets tor WINGLETS

Boeing 747 and 767 airframes, including 747-
zoo freighters and the 747-400X passenger Air Berlin
jets, “Incduced drag and lft-dependent drag is Alr Europa
responsible for almost hall of the total doag of !

an airplane, We are able to reduce induced
drag 12-18% or more with Blended Winglets
and this translates into a reduction in overall
drag of about 5-89%," says AFl's Chief Acrody-
namicist Dr. Gratzer,

The sky's the limit

Pegasus

Palynesian

You can't stop a tearn that is really on a roll—
and Clark's team of retired engineers and test
pilots has turned out to be the *dream team,™
Aviation Partners considers the extraordinary e
energy-efficiency benefits of Blended Winglet SrVis
technalogy to be just the beglnning. AFl's
Blended Winglets are rapidly being trans- Virgin Elue
ferred beyond their beginnings on the Gulf-
stream 11 business jet.

Soon, Blended Winglet technology will be introduced to dramatically improve
the range and pedformance of the Raytheon Hawker Boo serfes business jet. In the
commercial airline world, APE has brought Blended Winglet technology to next-
generation series Boeing 73z-800i and 7oos, By mid-zoog, this performance.
enhancing technology will be available as a retrofit for Boging 737 Classic series
dircraft, including the 737-300/4co/so00, And APB's business strategy Includes
Blended Winglet systems for Boeing 747 and 767 serles airframes,

Future products are in the works as well, Following the Gulfstream 11 winglet
STC, Clark made good on his promise to flight-test Gratzer's closed-loop Spiroid
winglet deslgn (see Figure 2.5), Those tests on a high-speed jet validated a new
concept, and indicated a-10% reduction in drag. Overall, they may be 3o-50%
more efficlent than Blended Winglets, So far, however, only Lockheed’s Skunk-
works division has shown interest In this radical new performance-enhancing
design for the Uz,

Advanced-generation Blended Winglets with controllable twist and toc angle
could be optimized in flight. One day, aerospace designers will likely integrate
Blended Winglet and Splrold technology into the design of entire wing and aircraft
shapes. The future is on the wing, and there s no stopplng it.

Qantaz Airways

African Asreays
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FUEL SAVINGS ARE ON THE WING
FOR BOEING 737-700/800s.

Fussl for troagh Eviry 73T Tht Bafmnli v thi romwdny with Banded Winglebs™ can snssct ug fo 5%
betier s miesge. That's Bke geTiing & Fos Wnk sviry 20 Ip-Soandisg 00 routes and laads,
To it how rrusch this advancsd technolagy can e paur inssrdos Reat, oall (208 TELLTL or dy
2w infalionparinersceing. com, The Sidum s on e sing  dviation Parfoers Boedng

I L A W B e W Mg v

Flgure 2.4 irimers sdvertising barrels of lusl SEFvencs
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Flgore 2.8 Spircld winglat during test Migat

REVOLUTIONARY BENEFITS UF BLENDED WINGLETS

|'|-h|'-.ll.||.. NN
:“.il:ih" =5UCh &5 LI BLES a E||l"“|'|{|l:'|1 I\'II'"'}I":' sgnhanced GElisiream ||
benefits from i i | due o improve wise effi-
ciency. Aircraft & s 5o be enhanced far aircratt taking
off behind Blended -".'l nglet-egu [:«;1:__ - afl because there is less wortex wake
turbulonce,

L achiewes normal take-ofl al reduced power

varlh nhicanily reduced noise fostprink. For example,

i:-l-:'l"ll.l'l]' “Ifll"'ll‘ It ng T37-T00/BE00 allesw 39 additicnal (lights per day 28 moise-
resirelve fakhn .ﬂ.lrp-.lll in San e Blended Wingled Systems generally
a p.]lhl‘ul.]rl'q' |rnprlr1:|nl benefst in

. which transiates info
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Fuel savings of commerciad aircralt eguipped with Blended Winglers

#verage  Annual fuel Number of Teal annual

flight per pireraft  opersling  fuel savings

[howrs per [US gallens)  alreraft Iemillbon LS
Alrcraft: Boelng year) . gallens]

737-700/200 Mew Generation 2,800 5E, 000 1,045 ET.478
T37-300/400 2,800 40,000 1,548 92,E80
T4T7-200,300 2,000 275,000 318 87,450
T4T=-400 4,750 530,000 £82 302,480
TaT-200 4,000 0,000 ¥4 87 BLD
TaT-200 4, 500 216,000 ] 127,050

ine reduced prop
proportionally greater than fu
d environmental benefits o
a5 the route. Ew
¢ in flight ra
: an be av
Blended Wi

S rt

Gulfstream Il charter
back that way as well,” Group Pres
mance of a Blended quipped aircra
d and range, dec
maintenance costs. Range issues are particularly
from hot or high-altitude ;
range. For example, E

Johanmeshurg
Blended

& Desbad in " Thi L Manghet.” Warld A
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a b [2,720 I-l.:_|| payland ar add 130 asulcal

in urn, brings in additianal revenues,

of lower
Winglets are built

i mat rarmbined with a Momex® honeycomb stabilizing core, and
plid Laminate spars with aluminum Leading and trailing edges.

ok Parinerekip with Boging "Starting o

Aviation Partners time-line

1492
1783

1891
1897

# Leonarde da Yincl [Italyl describes a flying machine.

» Joseph Montgolfier and Etienne Montgolfier (France) launch the first hot-
alr ballzons.

# Otto Lilienthal [Germany] succeeds with the first reproducible gliding
flights,

& F.W. Lanchester [UsA] patents simple wing-end plates for gliders and in
anticipation of powared flight.

# Ferdinand von Zeppelin [Germanyl builds the Ffirst successtul dirigible.

& Orville and Wilbur Wright [usal are the first to fly powered aircraft.

& Charles A. Lindbergh [USA| cormpletes first solo non-stop fransatlantic
flight fram Hew York to Paris.

@ First experimental pressurized-cabin airplane, a Leckheed XC-35, made
first flight at Wright Field.

# Charles E. Yeager [Usal completes the first supersonic flight in a rocket-
powered Bell X5-1.

# First non=stop, round-the=-world flight,

& MNASA's Richard T. Whitcomb Invented vertical wingtip extensions as a
mans bo increase lift-to-drag performance,
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1981

1983
1968

bl

=
Tt X
A B

& McDonnell Dauglas installs winglels on the MO-11 and C-17 Globemaster
1,

# Learjet installs winglets on its business jet.

# Airbus is first to install winglets on 8 commercial passanger aircrai
lAirbus A320].

& Joe Clark and Dennis Washington form Aviation Partners [4P] and hire Dr.
L.B. Gratzer and a dream team of relired Boging and Lockheed agrospace
enginesars.

& AP installs high-aspect-ratio Blended Winglets on Gulfstream Il and
immediately markets the retrofit after FAA approval.

& AP flight-tests Spireid wingtips on a Gulfstream Il and achieves more than
10% greater fuel efficiency at cruise but delays commercialization in favor
of Blended Winglels that are more stylish and mare easily satisfy Fas and
aircrafl avtherities,

# Bernie Gratzer receives patent #5,348,253 for Blended Winglets.

# Clay Lucy knocks two hours off the Los Angeles to Paris World Speed
Recard an a4 Gulfstream || with AP winglets.

& Clay Lucy establishes seven new time-te-climb records, including a
drarmatie climb fram ses Level to £0,000 f [12,000 m) in just & minctes snd
20 seconds on a Gulistream Il with AP winglats,

& AP Elended Winglets tested on Boeing business jet.

® Aviation Partners Boeing [APB] jeint venture formed to apply winglets to
all sultable Boelng alrcraft. The winglet |s offered as a standard feature of
the Beging busingss jets,

® Qantas purchases 15 winglet-equipped Boelng T37-800s and takes options
for at least 40 more—citing the winglet as a deciding factor,

# Hapag-Lloyd Is first airline 1o aperate a Boeing T37-800 with retrafit
Blended Winglet techneolagy,

& South African Alrlines i first to arder winglet-ecguipped Boeing 737-800s,
stating that the winglets make the 737 cutperferm the rival Airbus A%20
an lang flights.

& Air-Berlin first to fly a Boaing 737 with faclory-option Elended Winglats.

& Blended winglet pragram annaunced for Rayihean Hawhker 800 business
jetwith 7% increasa in cruise fuel efficiency and significant improvements
in take-off, Initial crulse altitude, and range.
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