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The Dawn of The Era of Powered Flight \
0:35

/ Wright Brothers Flyer — December 17 1903 At 1
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Wilbur and Orville in 1878, ages 12 and 8.\

The brothers' interest in flying started in 1878
when their father, Milton,
gave them a rubber-band-powered toy helicopter
which 12-year-old Wilbur and eight-year-old Orville copied.
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In 1893, the brothers opened the Wright Cycle Company
( in their hometown of Dayton, Ohio.
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St. Clair model was built in 1898. \
Less expensive than the Van Cleve,

the St. Clair sold for $42.50.
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/ The brothers decided to measure the lift and drag coefficients themselves.
They first built some small models of a wing and a flat plate

and attached them to a bicycle wheel.

Here 1s the configuration that the wheel would assume

as 1t was moved through the air.

. . Glenn
Wﬂght 1901 Bike Test Research

Center Initial Conditions Test Conditions

(Stationary)
i Wind
Lift

L sin(b +a) = D cos(b -a)




] mf = Dror Artzi

(OTTO LILIENTHAL) 5029 Y0IN D¥ MmN
1896 2 MINN2
N 9N NPNY DNXRN DX GNT

YW DMDWINN DIAYINNN 1DYINT OXNNXD
79 928 NIV NTIVN YPI DY NpNT
wNRN TONN2 MDY 2000 2 PNNI MYV 5
DNV

NNY TY 1IN XD PNNA NNDN NOVN NMYAY 12N DINND
PNNAIMNIN JAT P2ADN 172N XD NNYPOIN DO D

D>IVP 18 HY NN TNYNY NNDN NNIAD DMIYYY 12N 199
NNINN DX PIINND 1231V T 11D NI NNMP I DIPN RINNDD)
PNNRD JAT INY N2IN IAXD 1D OIDNINX AT YPID NN

MYNNN DY PN TN




- Dror Artzi
R = | a e A

Wilbur Found The Wind-Swept Dunes of Kitty Hawk

\ Perfect For Testing. /
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The glider was completed the first week in October 1900
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When the Wrights flew their gliders as kites,
/ the rope described the hypotenuse
of the lift-drag triangle.
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/ The wreck of the 1900 Wright Glider

a8 gust of wind
had picked up the
unattended craft
and smashed it into
the sand..
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The brothers tested the idea of wing warping \

on the 1899 Wright Kite and, buoyed by its success,
began developing full-size glider

Mo photographs exist of the
1899 kite; only a sketch of it
Hustrating wing-warping,
drawn by Wilbur in 1912,
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| S > Aircraft Control By
/ B Wing Warping

The brothers also made one of their key breakthroughs

in 1899 - a light method of controlling balance
and turning the aircraft which they called wing-warping.
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When the wind blew 17 miles an hour or more we would attach a rope
to the machine and let it rise as a kite with the operator upon it.
When it should reach a proper height the operator would cast off the rope

and glide down to the ground as from the top of a hill .
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(1) the anemometer used by us over recorded the true velocity of the wind by nearly 15 percent;
(2) that the well-known Smeaton coefficient of 0.005V? for the wind pressure at 90°
is probably too great by at least 20 per cent;
(3) that Lilienthal's estimate that the pressure on a curved surface having an angle of incidence
of 3° equals 0.545 of the pressure at 90° is too large, being nearly 50 per cent greater
than very recent experiments of our own with a special pressure-testing machine indicate;
(4) that the superposition of the surfaces somewhat reduced the lift per square foot,
as compared with a single surface of equal area.
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\ Wilbur At The Controls of the Unruly 1901 Glider/
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Launching the 1901 Wright Glider.
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1901 Glider
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“When we left Kitty Hawk

at the end of 1901,”

Wilbur recalled a decade later,
‘“we doubted we would ever
resume our experiments.”

Orville’s memory was of his brother’s
exasperation on the long trip home,
when at one point he had remarked:

“Not within a thousand years
would man ever fly!"
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P, center of pressure; G, center of gravity.

It at once occurred to me that here was the answer to our problem,

for it is evident that in the first case the center of pressure was

in front of the center of gravity, and thus pushed up the front edge;

in the second case they were in coincidence and the surface in equilibrium,
while the third case the center of pressure had reached a point

even behind the center of gravity, and there was therefore a downward pull on cord
- -
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At the end of the summer of 1901, the Wright brothers

were frustrated by the flight tests of their 1901 glider.

The aircraft was flown frequently up to 300 feet in a single glide.
But the aircraft did not perform as well as the brothers had expected.
The aircraft only developed 1/3 of the lift which was

predicted by the lift equation using Lilienthal's data.

The brothers began to question the aerodynamic data

on which they had based the design of their 1900 and 1901 gliders.
They decided to measure their own values of lift and drag

with a series of wind tunnel tests.

To resolve this problem, they built a wind tunnel and tested 200 wing shapes
before settling on the best design for their third glider.

To measure the lift and drag,

the brothers built small models of their wing designs and placed them
on a measuring device called a balance.

There were two balances, one for lift and the other for drag.
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The Wrights” Home-Built Wind Tunnel
Provided Much New Data

/
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as many as 200 wing shapes

Wilbur and Orville conducted tests on \
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These are examples of the model wings
the Wright brothers tested in their wind tunnel.
They made them from sheet steel using tin shears,
a hammer, and a file.
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Wind Tunnel Test Models #1

Photos courtesy of the Franklin Institute

Glenn
Research

Center

Aspect ratio test, flat plates

~ Model 5
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Photos courtesy of the Franklin Institute

Wind Tunnel Test Models #2 agggr'ln

Center

(Botlom View)

Camber test, parabolic foils, high aspect ratio
g N Model 17

Photo Not
Available

Aspect ratio tests at low camber
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Wind Tunnel Test Models #3

Photos courtesy of the Franklin Institute

Glenn
Research
Center
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The homemade ‘lift balance”
that the Wright brothers

used fo measure the lift

and drag of various

wing shapes

in their wind tunnel
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Wright 1901 Lift Balance 2™
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Wright 1901 Drag Balance _S'*"n

Research

Operation Contor

Cross—beam

.

Angle of Attack

Figure 1. Initial Balance Conditions.
View from above
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Wright 1901 Lift Balance
Operation

Glenn
Besearch
Center

Lower

Arm
Drag i Lower
Plates Cross—beam
Cut Upper
s Cross-beam
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rm

Figure 1. Initial Balance Conditions.
Upper bearm it ard removed for viewing
. from above,
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Figure 2. Tunnel Started.
Upper beam cut and removed for viewing
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Figure 3. Adjustment for Model Drag
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Figure 4. Torques onthe Long Axles.
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Test Results

Glenn
Research
Center
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the Wrights returned to Kitty Hawk on August 27, 1902,

for their third fall of testing, j
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[ The 1902 Wright Glider in flight
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On October 23 , 1902
Wilbur set a record for time and distance,

sailing 622.5 feet in 26 seconds. /
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The Wrights used this French-made,
/ hand-held anemometer to measure wind speeds
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/ The plans for the
1903 Wright Flyer 1
that the
Wright brothers dre

on a piece of brown

wrapping paper.
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Glenn
Research
Center

Parts of an Aircraft
Wright 1903 Fiyer

Wing Tips
Warp to Change Roll
(Rotate Body)

Motor
Drive Propellers

Elevators
Change Pitch

(Up-Down)

Rudders
Change Yaw

(Side—to-Side)

{ T
—— Propellers
"‘ — G T b

Fuselage (Body)
Hold Things Tagether
{Camy Payload)
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Spars Ribs

Upper Surface
Trailing Edge

Leading Edge

Chord Line Lower Surface
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Glenn
/ Elevators Research
Wright 1903 Fiyer Center

Elevators

Resuiting Motion
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Rudder - Yaw Research
Wright 1903 Flyer Center

Resulting Motion
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/ In December of 1902, the Wright brothers sent out letters of inquiry
to 10 different manufacturers of gasoline engines,

asking for an engine that could develop 8-9 horsepower,

weigh no more than 180 pounds, and be free from vibration.

All 10 replied they did not make such an engine.

Disappointed,

Wilbur sought out Charlie Taylor, a machinist they had hired to run
their bicycle shop

01121 0O*NNON T

horizontal 4-cylinder engine.
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Wright 1903 Engine Parts Research

Center
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The Wrights' Propeller Blade Had A Completely New%
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Equally important was their decision to treat the propeller
as a rotating wing, reasoning that it would create propulsion

in the same way that a wing produced lift.
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\ Fuel Tank
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[Final Construction of the "Flyer" Took Place At Kitty Hawk
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( The Completed "Flyer" Beside the Camp Sheds. \
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/ Wilbur's first attempt ended in a jarring crash \
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Getting ready to fly in Kitty Hawk
on December 14, 1903.
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December 17 1903 Af 10:35
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After the flights, the Wrights sent home this telegram
/ to their father confirming their success.
It mistakenly states the longest flight as 57 seconds
and misspells Orville's name.
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Attempts at Flight 1890 - 1909

Experimental Period

Developmental Period

Wright Brothers

: I L I ] I - . ’ . d - ! 4 ; - 1 3 " " :
1290 1391 1292 1293 1‘7’94 1295 1296 1897 1293 1299 1900 1901 /1902 1903 1904 1905 1906 1907 1903 1909 19

The flat blue line indicates that the field as a whole
was making NO sustained progress through the end of 1905.

Year | Don-Wright
craft made
from

The positive slope of the Wright brothers
indicates a steady progression

1906 to 1909

in the ability of their heavier-than-air craft.
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UNITED STATES PATENT OFFICE.

ORVILLE WRIGHT AND WILBUR WRIGHT, OF DAYTON, OHIO.

FLYING-MACHINE.
Specification of Patented May 22,
No 821,393.
Letters Patent. 1906.
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Orville (left) and Wilbur Wilbur (right) ”‘ -a
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Orville Wilbur
1948, Jan. 30 1912 May 30
Age 77

Age 45
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/Official reproduction Wright Flyer | unsuccessfully attempting to take off
at Kitty Hawk on 17 December 2003 in waterlogged conditions
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