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Breguet Range Equation

Range = N yropuision * M sero * 108 ( TOGW /LWT ) * constant




# Flying experiments 1889 1o 1805




Prandtl Lifting Line Theory )

Mt

e Eliiptical spanload for a given span {1920)

e ‘“the downwash produced by the
longitudinal vortices must be uniform at all
points on the asrcfoils In order that there
may be a minimum of drag for a glven
total Ift.” y=c¢

Lwdwig Prandtl

This Is the accapted theory

and the standard for the minimum
drag of wings. But what Is a wing?
Is [t only ssrodynamic? What about
the structura?

Wingtip Vortices and Elliptical Spanload




Fundamental Assumptions

For g long thna i wes difflcul? to find guitabie funotions to express the dishvibution of 1t
from which e plansible distzibution of w would he cbisined by eguation (87). After vavions
sitempts it wus found thet e disiribution of Jift over the span wocording to & half dlipee gave
tae desfred solutien.  Acsording to this, if the origin of coordinates is taken at the center of the
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{4) Tho most imgorhmd Betz's theorems, from a practical standpoint, furnishies Lthe com-
plete analogy to Munk's theorem ooncerning the wing system having the leasi drag, and, corro-.
sponding perfecily to the siatements in seotions 27 and 28, may be expressed thus: Tiic fow
belind a propeler heving tha leest Joss in energy & an if the screw surfaces passed over by the
‘propeliar blades were soiidified into a solid figure and this wore displesed backward in the
- sonviseous fuid with o given gmell velosity. The potontial differ-

ence betwesn the front and rear sides of a serow surface at ono and

the sams point furnishes, then, sgain the eireulation T of the corre-

P
\{, o I . sponding point of the propeller blade,




Minimum Induced Drag & Bending Moment

Constrain minimum Induced drag
Constraln integrated wing bending moment

@ Prandtl (1933)

22% Increase In span with 11% decrease in Induced drag
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Winglets

@ Richard Whitcomb’ s Winglets
- induced thrust on wingtips
- induced drag decrease Is
about half of the span "extension”

- reduced wing root bending stress
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Whitcomb’s Winglets

@ 24 degree leading edge

sweep angle 70—
@ Chord:

root — 15.75 Inches

tip — 3.875 inches
@ Span: 147.6 inches
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Symmetrical Spanloads

o Elevon Trim
» CG Location

"10 =08 =08 -o7 -ab <8 04 <08 03 =01 @




Asymmetrical Spanloads
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Dr Edward Uden’s Re_sults

¢ Spanioad and InducedDrag o - __i_‘; ~ %ﬂ\
e Elevon Configurations =

& Induced Yawing Moments
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Kucheman

® Effect on spanlcads
increased load at tips
decreased load near centarline

@ Upwash due o sweep unaccounted for

@ Residual (Kucheman)
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Prandil’s Spanload

ol =(1-x3 % LN
= {1
w=3/2 (x2— %) | i
L
:.___,__.._.._..,-i!_l_.
m Lix)=0 (1)
xx0—b2
iim dlix) =0 (2
x:0— bf2
fim DW(x ADWE)  (3)
x:.0—-b/2 dx dx
Mike Allen
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Spedding’s Gliding Falcon

@ Spedding photograpgh's a gliding falcon’s wake with IHe bubbles
@ Vortex cores are 0.76 b apart

@ Elliptical spanload Is assumed, so the vortex cores are assumed fo
come from the wingtips

......




Portugal, et al 2014 (Nature)
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Pointy Wings and Wing Stall
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Proverse Yaw

= ...until June 26h, 2013

@ Roll and Yaw are the same sign
@ From Uden: Cnda Is +ve

uncertainty e

Inertlas; configuration changes, turbulence, and slope of Cnda

Krivtyn Kadala
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Revalidated Proverse Yaw

PRANDTL-Z Casla v CF fior 35744 andl 9915

Loran Newton & Ksanen Albea

Elliptical and Bell shaped Spanlqads
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Prandtl 3

@ The aerodynamic testbed
- wing pressures

Wind Tunnel Test

& NASA Langley
@ 12-ft low spead tunnel
# 52 runs, 6 component force-moment

P
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The Future: Prandti-M on Mars?

Das kleiner
Prandt Falke

The Mars Mi_ss_ion

Daploy cubesat from
large Mars rover

& Use Exobrake parachute for Mars
atmosphere entry

Deploy Prandtl-m (2 Ibm, 2 ft span)
from cubesat at 15,000 ft agl

Glide 5 mins, 22 miles, Mach 0.6
Crash land on Mars
Transmit images & data back
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angle

Prandtl Propulsion

e Propulsion systems currently use “minimum induced loss”
@ What if we switched to minimum torque for a given thrust? +15.4%

w \)V‘“““"“'/

inflow

Prandtl Fan

Sama voliage

Sama dlam

24% Increasa In flow
8% reduction In noise
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Prandtl Prop 1
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: _ " Prandtl 3 Team

2016 Interms

Prandtl interns Spring 2018
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2017 & 2018 Interns

PRANDTL-D

¢ Videos

- TEDxNASA 2011
http:/iwww.youtube.com/watch?v=2230maQ8uLyY

= NASA Aero Academy 2013
http:/Awww.youtube.com/watch ?v=HrO|I6wBFGpY

Feedd Jansen, Justin Hall, & Derek Abramscn
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Control of Yaw

=
- .

@ You Have Three Cholces:
® 1/drag a vertical tall around with you all the time Current

to create a yawing moment

Design

® 2/ manipulate drag at the wing tips to control yaw Options

-OR-

I "\
@ 3/ manipulate THRUST at the wing tips to control yaw N
&
@ Bilologlcal vs Mechanical Flight
Biological Flight

@ Mechanical Flight (110 yrs)
® Vertabrate Flight (128 My)
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Efficiency

Efficiency: 12.5% Increase in wing efficiency
20-30% increase In efficiency by eliminating the tail
15.4% increase In propulsive efficiency

TOTAL EFFICIENCY INCREASE: 69%

CY2011: world jet fuel consumption $134B
o $55B in jet fuel saved

& CY2011 World GDP: $69.7T
World power production: $12.0T
® $1.85T savings In world power production

Prandtl P3

@ The aerodynamic testbed
- wing pressures
- FO8Ss
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Prandtl P3c

cFOSS System

cFOSS computer
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Prandtl 3c cFOSS
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Dabareh lnckon, Ryan Dunphy, & Mace Kowalskd
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Electronic Pressure Measurement
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0.8 [enerru-iiormermifinsanioafinad ,: -

span P :
load 0T PPITTTTITS [rrmumn e 4 AU IS PP

=088

18 08 -08 -07 -08 «08 =04 =03 =08 B

span

Spanload
Bpoeben]
I D t‘-\_\-\""“‘-\x_\_\_\_. e— s
e
e
.\;\“'x
"

oF
Wingupan [}

28



Spanload
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Baborsh lacimon, Abby Waddell, Rechel Sultor, Torl Hewkins

NASA Interns & Others

Derek Abramson, Keenan Albee, Sipanah Arutyunyan, Chris Acuff, Mike Agnew, Mike Allen, Luls Andrade, Dan Banks,

Leo Banuelos, Sam Batarseh, Nethan Bell, Dave Berger, Olivia Bosma, Jason Bowen, Jerry Budd, Michael Butros, Andrew
Burrell, Dennls Calaba, Kimmle Calahan, Alex Chen, Paul Dees, John Del Frate, Bryce Doerr, Louls Edeiman, Ana Escalera,
Cynthia Farr, Devid Faust, Kirsten Fogg, Mike Frederick, Katherine Glasheen, Scott Gleason, Jacob Gustafson, Eric Gutierrez,
Jacob Hall, Adam HardIng, Etan Halberg, Ross Hathaway, Bob Hoey, Sanel Horozovic, Relmar Horten, Walter Horten, Richard
M. Howard, Teylor Jensen, Kristyn Kadala, Cody Karcher, Mike Kerho, Kurt Kioesel, David Kioesel, Michael Kioesel, Brian
Kramer, Elizabeth Kissling, Heather Laffoon, Cameron Law, David Lee, Russell Lee, Jack Levine, Mandy Ledford, Jay Levine,
Caleb Lloyd, Victor Loers, Arlene Lopez, Joe Lorenzett], Kyle Lukacovic, Justine Mack, Paul MacCready, Anthony MacPhersen,
Kassidy Mclaughlin, Mike Marston, Orlando Mielke, Chris Miller, Matt Moholt, Rick Motalwakel, Lesil Monforton, Willlam
Morris, Jim Murray, Hussein Nasr, Golda Nguyen, Gunhilde Horten Nickel, Karl Nickel, Eric Nisbet, Alexandra Ocaslo, Joe
Pahle, Steve Parcel, Kurt Pauer, Nancy Pinon, Joseph Plotrowskl, Brian Plank, Bogden Pugach, Andy Putch, Ronalynn Ramos,
Nalin Ratnayake, Chris Regan, Nickelle Reld, Staphanle Reynolds, Rebecca Richardson, Jeromy Robbins, Javier Rocha, Emma
Rueno, Victor Rulz, Aamod Samuel, Peter Selinger, Iaiwon Shin, Alec Sim, Patrick Soza, Amada Spakes, Reinhold Stadler,
Marko Stamenovic, Alex Stuber, Curtis Stump, Ed Swan, Josh Tanon, Brian Taylor, Jack Toth, Tom Tschide, Edward Uden,
Jullanna Plumb Ulrich, Eduarde Urlbe-Saldana, Christos Vallotis, Moz Vahors, Lynn Valkoy, Steffi Valkov, Koen vander
Kerckhove, David Voracek, Joey Wagster, Kalxl Wang, Shelby Worrell, Hovig Yarallan, Seung “Paul” Yoo, and Jonathan Zur,
Donna Cedana, Felipe Valdez, Lydla Hantsche, Kalthyn Summey, Ben Martins, Emma Kleiner, John Bodylsk), loyce Le, Jose
Manriquez, lack Jensen, Emma Neal, Jonathan Adams, Conor Bray, Stephen Moes, Ethan Czuppa, Walker Martin, Brent
Cano, Blake Berk, James Larson, Erin Askins, Brendan Hobland, Abbigall Waddell, Macie Kowalskl, Ryan Dunphy, Deborsh
Jackson, Frank Pena, Allen Parker, Victoria Hawkins, lohncarlo Cerna, Megan Waller, Christine Yang, Rachel Suttor, Erln
Askins, Kai Creason, Chris Jensen, Stephen Harrils, Nathanlel Bolsjolle-Galr, Tomoki Fukazawa, Robert Bloom, Ryan Beattie,
Josh Barrett, Emlly Glover, Kevin Guerra, Nick Farrell, James Larson, Lauren Hughes, Brooke Losey, Mike Agnew, Steve Parcel,|
Carla Thomas, Samantha Hull, Terry Rellly, Ellzabeth Kssling, Christlan Gelzer, Jesse Brady, Dennis Olcott, Gary Csoba,
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If you want to build a ship, don't drum up people to collect
wood and don't assign them tasks and work, but rather teach

them to long for the endless immensity of the sea...

- Antoine de Saint-Exupery
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