
SOARING TECHNOLOGY AT
TEHACHAPI

By Bruce Carmichael

THE GATHERING
From the four points of the compass, scientists, engi

neers, designers and pilots of sailplanes tathered at
Mountain Valle), Airport in late August 2002. The joinjng
of the meeiings of the International Sailplane
Developement Panel, ihe Sailplane Homebuilders
Association Workshop, and the yearly Ralph Bamaby
Lecture combined enihusiasts ftom Australia, Canada,
ArgentiDa and a half clozen European nations with a la€e
American group. Four of the Developement Panel mem
be$ presented workshop lectures whil€ a fifth prcsented
the Barnabt, L€cture. All of this occurred on a year when
new developments in soar g flight were progressinS from
the planning stage to physical reality.

LESS EXPENSIVE, MORE CONVENIENT SOARING
The 8HA, since its formation in 1989, has placed empha-

sis in this arca. This year, the 36-foot span composite 155S

empty weight Sparrow Ha$.k by Greg Cole flew lt had
alread), set records in the capable hands of Cary Osoba.
The,l9 foot 5pan- 155f empty $'eight Light Hawk by Dan
Howell also flew While both meet the U.S.A. Ultralight
empt)' $'ei8ht r€quirement Sparrolr' Hawk has a much
higher wing loadillg. The very low win8 loadinS Bug
designs of Mike Sandlin $,€re towed nlto flighi b)' truck
payout winch. Robert Mudd ofGenesis fume present€d the
Apis light sailplane from Slovenia. This is one of fouravail-
able smaller, less expensive sailplanes, (some of them selt
launching.) Choices between the hang Sliders and conv€n-
tional racint sailplanes have at long last appeared.

LIGHT VS. ULTRALIGHT SAILPLANES
For many years, Bruce Carmichael in ihe U.S. and Piero

Morclli h ltaly have beerl promoting ihe ultralight
sailplane of very lo$' sinking speed and small turn radius
to allow exploration of situaiiorls too light for convention
al sailplanes. It was hoped that a ship miSht evolve with a
sinking speed as lo\^' as I foot per second to greatly expand
date, time and place possibilities for sport soaring. These
machines could not compete in closs-countrv races with
the Sparrowhawk. Fiero Morelli, nr the first workshop,lec
ture pointed out ihe need to separate ihe two classes. The!,
could bothhave the same maximum take off weightbut ihe
ultralight r\'o ld have a separate category rounded b), a

lower wing loading. Recommendations have been made by
ihe Developement Panel.

SOLAR POWERED AND ELECTRICALLY LAUNCHED
SAILPLANES

An almost silent large span sailplane rolled down the
runway and lifted easilv into th€ air from the 4000 ft. ele-
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vation runwa],. Eic Ratmond had almost single handedly
designed and built this remarkable craft with rving and
horizontal tail smoothly co!,ercd u,ith solar cells. A pusher
prop by Klaus Savier was po\,\,ered bv an electric motor
mountecl in the T tail. Michael Rehmet observed this flight
and later lectured on elcctrical propulsion. Michael was the
pfilciple engineer of the solar po\^,ered sailplane nom
StuttgarL Germany n41ich won the iniernational contest.
Since thermals nornlallv Lrsed in soarinS competition are
the result of sunlighL po\^,er derived direcily from solar
cells $'ould be considered allo$'able although a new class
would no doubt be ctefined.

PROFILE DRAG REDUCTION BY SUCTION
The writer described flight experiments h x41ich he was

hvolved in the 19505. The hitial expcriment with Dr.
Angust Raspei in Mississippi employed a sailplane lvith
suction applied from the mah spar aft b thc irailing edge.
Span r^'is€ runnhg .018 and .012 inch diameter holes at 19
per inch were punched 1/,1inch apart choLdwise. Lanrinar
now was established to the trailing edge up io 100 M.PH.
and a chod Reynolds rlumber of 4 lnillion. He conthued
flight work with Dr. Pfenninger using a m lti slottcd airfoil
on an F 9,1-A jet aircLaft. Lanlinar flow to the trailing edge
was achieved up to a chord Revnolds number of 30 million
where the proflle drag includhg the draB cquivalent of the
suctior power was less than 0.001.

Work b), F.X. Worhnann and Althaus in Stuiigari.
Cerman), including a wind tunnel model was desc bed. A
verv cletailed design study of a giani all lamirlar sailplane
by Pfenninger rvas described. Wnldmill driven suction
punlps provided an L/D of 100 and a minimun sink of 1

ft./secdd. All system losses werc carcfully calclrlated
based on Pfenninger's lifetime work on ihe sltbject.

The author ncxt described a recent paper by Plesser
which proposed a retractable n'indnill behnld the tail,
cleployed during the clinb in the thennal- sioring the
energy in a flywheel. This stored porver then drives the

PumPs aPPl),ing distriblrted suction and reducnrg the pro-
file drag to a valuc of 0.0012. This is all $,ake drag as thc
dragequivalent of the suction porrer has alreadybeen paid
for in the rcduced climb raie ill thc thennal.

Loek Bormans lectured on his dociorate \^'ork at Delft
University in the Netherlands. He explained that profile
drag reduction by geometric laminarizaiion had reached a

maximum of 65% laminar upper surface and 90ti, laminar
lower surface. Attempts to go further result in dangerous
non-linear lift and nromerlt clrr!,es. Loek first investigaied
pressure rccovery at a single slot at 807;, chord with t-low
acceleration downstream. Thc drag equivalent of the src-
tion power just balanced olrt the reductio in lvake drag.
His present studies are with distriblried suction using solar
cells to provide ihe pump power His calculations indicate
that this would incr€ase the 60 L/D of a non suciion
sailplane to 90. lf the solar cell polver rvere applied direct-
ly to a propeller th e L/D lvolrld rise to 80. New perforation
methods can rapidly produce holes of 0-1 nun cliameter
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and can everl be procluccd through a solal cell covered sur-
fnce. He rvill soorl go into his lo$'tlrrlrulence s'n1d tunnel
lvith a h'n1g model.

INDUCED DRAG REDUCTION
Boi{erc, Chief of Aeroclynanlics ai NASA Dr}'den Flight

Research Center gave a magnificcnt historical revie$' on
minimizing drag due to lift. StariinS $'ith ilrc 1920 Pra dtl,
Bcr/ liiri,rg linF .lreon girir g an ,r-,^dyndmi, n,Illmur
for elliptical lifi and constant span$'ise do!vrl{,ash. Prandtl
Horten, and Jones nexi solved the minimum for constant
rooi bcnding moneni, \^4rich allolved a 22'.i';, sPan exten
sion by rcdricing lift and clorvn$'ash along the sPan resrlt-
ing in an 11ir; induccd drag reduciion. Klein and
Visa,anathan examjned the case for constrajned bending
momeni and sheer ai.l found a 161l, span exterlsion with a

7', inducec{ drat L€duciion. whiicomb of NASA devel-
oped the firsi {,inglets, decreasinS incluced drag by crcar
ing ihrust. Horien with lris bell shaped lift distribution also
found thrust at the tips. Bowers *'ent on to sho\^'the anal-
oty h birll flight where mnrimum structl,ral lveiSht is
required and tip ihrlrst is obianlec{. He also clescribed the
favorable ya$ of maneuvering birds al1d their se of iilied
lifthg horizontal tail in iurning flitht.

Als fhe lecture rvas supplcmented by Prof. David
Marsden, *'ho had prcviously demonstrated improved
.ross-couniry flighi through laLge slotted flaps and highcr
$iing loading. This $'as applied to his 2 place Cemini and
by moLlifications to fie British Sigma sailplal1c. David has

also developed one anll two element winglets in his low
turbrilence wing tunnel and applied them to bath
sailplanes ancl poiver plaies. He also backed up previous
commenis orl induced drag and $/inglct tht.Llst.

Retired Flight Tcst Engineer Roberi Hoey, brought full
size RIC models of a gull and a Raven and is no\ ' $'orking
on a Pelican. Without vertical tails he has demonstrated
favorable ya$'in the tu l with deflected wing tips whether
thc snlgle su ace of ihe Gull OT scparaie tip feathers of the
Raven. He has also denonstrated yaw into thc tlrrn by
bankhg the lifthg horizonial iail- He described a Da-Mnci
like hang glider which he cleveloped fo. a film company.

MI( ROLII I AND D\NA\4IC SOARINC
These subjccts have been considered a bit speculative by

many of the soaring comnlunity to date. Recent flights by
Gary Osoba, lirst in the Carbor Dragon ultrallSht
sailplane, later in thc Woodstock li8ht sailplane followed
bv ihe Marcden modified British Sigma lea.t sled, and the
erpericncc of radio controlled model sailplanes in wind
sheers has supportcd recent theorciical siLrdies by Taras

Kiceniuk. Excellent lecilrr€s s,ere givcn b!, Osoba and
Kiceniuk. Lists of thcoretical papers by scientists from the
1800's rcvealed the nrtercst in the slrbject now beinS accom-
plished in human flight. Energy is transferrcd to the
sailplane $'hen its Iift vectol is in the direction of the gust.
Tlris holcts for up, down, and sjde gusts, and the amount of
energy is ircrcascd rvhen pulh1g t. Tarus has studied cases
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n'ith variations of gust htensity, cluraiion, and spacing.
cary has flown extensively over Kansas flat land $'ithout
circlinS.

ADDITIONAL LECTURES ACROSS THE SOARING
SPECTRUM

Helmut Fendt of ihc lnternational Sailplane
Developement Panel spoke aboui certification and licens
ing issues in Europe arld the United States. Sailplanes are

presentlv designedtoJAR22. Careful consicterationof safe
.y mu-r .r\c.mp.,,,\ d,rI div"rgerr. p lro th,'.

Danny Howell described the initial fli8ht tesis of the
Light Ha{,k and the plans to blrild iwo morc. Danny has
encouraged Lrniversity students to $,ork with him to leam
hands o the latest composiie aircraft constluction tech-
niques. The Light Harvk, as a continuaiion of the Carbon
Dragon philosophy, should enhance the exploratioD of
micro lift and dynamic soaring.

Eric Raynond iold about his time in Cernlany leaming
vcry light sailplane design and constr ction from Gunther
Rochelt bcfore embarkinS on the development of his solar
po'\'ercd sailplanc. He described his nethod of aPPlyhg
solar cells to the $'ing and horizontal tail $'hile maintain-
nlg lamjnar smoothness standards. He also ialked about
solar powered lithter-than-air craft arld compared to prob-
lems s,hen appliect to boih rigid and non-ri8id desiSns.

Mike Sandlh sholvcd photos and movies of his delight-
ful Bug Ultra light sailplaics includlng rollnrg take off
from shallow slopes. These bealrtiful biplanes, built frcm
hang glrJ.r m"teri.'l'. l,.r\ - Siven ullr"lrSht -o.rfl rB e\p(-'-

Mariin Hollnann spoke about the developDleDt of lam;
nar s,ir1gs, beginnnrS $'ith Prandtl's boundary layer iheo-
ry, ihe H'ork of Eastman Jacobs at NACA, and the work of
Eppler and Nagele rcsulting h their Phoenix sailplane, the

dividing lhe between lormer methods and the present
composite constructiorl.

leff Byard gave a faschating illustrated lecture ofVintage
Sailplanes nrany of which he hasbuilt, restored and flolvn.

leff has played a leading role in American and
lnternational Vhtage Sailplane {,ork. He has also year
after year nradc his fnre insulated hangar available to the
SHA for our $'orkshops.

David Raspet revieu'ed the life and work ofhis father, Dr.
Argust Raspet and ihc inierestint people H'ith which he

$/as involved. Dr Raspet served as the catalyst for Soaling
Technology in thc,10 s and so's, much as did Oskar Ursinus
h Cermany in the 1920 s. His enthusiasm $,as infeciious.
Many pcople includinS Dr. Paul Maccready have spoken
and writien of ihe infl ence ofDr. Raspei orl iheir lives and
careers. David described his father's prcference for ihe
larye step rather than hcremental progress in reseat.(rh and

Jrm 5horr wh. bi- b,rill. re.torcd. ,,d fl,,sn r.,r) !rn
tage sailplanes spokc of the joy of r{ood aircraft construc-
tiolr. Radio controlled nlodel saiLplanes \^,ere flown bt,
Parker Maccrcady and Carl Rankin in ihe earl), mornnl8.
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THE RALPH BARNABY LECTURE
Leadint European sailplane designer, thejovial and pop

ular Gerhard Waibel, delivered this year's Ralph Barnaby
lecture. With numerous charts he reviewed high perform-
ance sailplane development projecting ahead to the y€ar
2050 and an anticipated L/D of 100. Afier projecting size
extrapolation of existing practice, he reviewed the influ-
ence of newer concepts includnlg, Solar Power Induced
Drag Reduction, Suction Profile Drag Reduction, and
Dynamic Soaring as detailed 1n this SHA workshop. He
interrupted his piesentation in mid flighi to plat "Honey I
Need A New Sailplane" to the d€li8ht of the largest SHA
Banquet attendance to date. We are so indebted to Gerhard
for putting the peifect cap on our 02 Workshop.

SUMMARY
The eager and talented participation of both American

and European speakers delineated 5 altemate develop-
m€nts in soaring technology. Dr. Maccready who has often
lectured at our workshops, atiended, took numerous notes
and remarked that this was a soaring symposia of highest
caliber coming ata time of many new approach€s, an excii-
ing time for the World of Soaring.
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