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aerodynamic drag, 71
aerodynamics
Johnson in, 208-9
Langley on, 31
of P-38 Lightning, 233—5
Spitfire and, 145
of U-2, 265
Wright brothers on, 16
aeronautical engineering
Johnson in, 221, 226
program, at University of Michigan, 207
university programs for, 85—6, 209-10,
212
aeronautics. See also National Advisory
Council on Aeronautics
Mitchell in, 130-1
Pawlowski on, 205-6
Raymond in, rro-11
research in, 71
Aeroplane Design (Barnwell), 61—2
aesthetics, 124, 146—7, 286
Air Ministry, British, 128, 228—9
air-cooled radial engine, 74—5
development of, 779
in WWIL, 76
aircraft industry, in WWII, 111
aircraft structures, 16
airfoils, 31-2, §55-7. See also laminar flow
airfoil
Barnwell on, 56-7, 63, 169
of NACA, 169-70, 226-7, 252—3
Raymer on, 169
shape of, 168—9

of Spitfire, 139, 143—5
supercritical, 201
for Type 224, 135
Warner on, 169
airplane. See also fighter airplanes;
X-airplanes
all-metal, 55, 82—3
conceptual design of, x, 7
evolution of, ix
jet-propelled, 192-3, 201
supersonic, 196—201
in twentieth century, x
airplane design, ix-x, 8. See also grand
designers; methodology, of airplane
design
aesthetics in, 124, 146-7, 286
of Barnwell, 52—3
competition in, 88
of Douglas engineers, 93
history of, 66—7
Johnson and, 242-3, 287-8
Raymond on, 98
Warner on, 159-60
Wright brothers on, 16-17
in WWI, 99
Airplane Design: Aerodynamics (Warner),
86-7, 157-8, 169
all-metal airplane, 55, 82—3
aluminum
air-cooled cylinders, 77-8
Duralumin and, 82
American Airlines, 99—100
Applied Aerodynamics (Bairstow), 121
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Arnold, Henry, 248-9

Art Deco, 712

Atwood, John Leland, 179-81
axial flow, 201

Bairstow, Leonard, 121
Barnwell, Frank Sowter
Aeroplane Design by, 61—2
on airfoils, 56-7, 63, 169
as airplane designer, 52-3
at Bristol, 49-50
Bristol Blenheim of, 51
Bristol Bulldog of, 51, 1334
Bristol F.2A of, 46—7
brother of, in early business,
48-9
Bulman on, 6o
Coanda and, 49-50
conceptual design of, 65, 270
death of, 52
design philosophy of, 58—9, 61—
in design revolution, 59
early years of, 47-8
as grand designer, 47
on high altitudes, 58-9
methodology of, 47, 60-5, 93
monoplane of, 57-8
M.R.1 of, 55
notes of, 47
as pilot, 51-2
propellers of, 57
at RAF, so-1
wind tunnels and, 523, 63, 98
Bell, Alexander Graham, 4—5
bicycles, 14-15, 30
Billing, Noel Pemberton, 120
The Bishop’s Boys (Crouch), 12
Boeing
247, 88
DC3 and, 106
wind tunnel of, 113-14
Breese, Vance, 156—7
Bristol
on all-metal airplanes, 55
Barnwell at, 49-50
Blenheim, 51, 57
Bulldog, 51, 133—4
F.2A, 44-7, 49
Bulman, G. P., 6o
Burcham, Milo, 187-8
Busemann, Adolf, 196

C.A.G. See Civil Air Guard
Cal Tech, 239—40
Caldwell, Frank W., 8o
carburetors, 69
Cayley, George, 1-2, 23—4
centrifugal flow jet engines, 201
Chanute, Octave, 19-20
Churchill, Winston, 50
Civil Air Guard (C.A.G.), 512
Coanda, Henri, 49-50
Cold War, 265, 268
comfort, of DCr, 97
commercial transport, 7
competition, in airplane design, 88
conceptual design

of airplane, x, 7

of Barnwell, 65, 270

of grand designers, 282—3

of Johnson, 271-3

new technology and, 178-9

of P-51 Mustang, 168

process of, today, 7-8

of Schmued, 168, 178—9

technology and, 1789, 283

of Wright brothers, 7, 61
Convair YF-102 of, 199
Cook, William H., r13-14
Cover, Carl, 68—9
cowling

of NACA, 74-6

drag and, 75-6, 92
on engine, 102—3

Crouch, Tom, 12-13
Curtiss, 77

DCix, 69
comfort of, 97
in design revolution, 701
process, of building, 99
Raymond and, 110
TWA and, 98—9
wind tunnel for, 97-8
DCz, 69-70
DC3 and, 99-101
production of, 99
DC3, 69-70
Boeing 247 and, 106
DCz and, 99-101
in design revolution, 101, 106-7
drag reduction of
high aspect ratio wing in, ro1-2
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NACA cowling in, 102-3
retractable landing gear in, 103—4
streamlining in, 101, 104
DST and, 1oo-1
as monoplane, 106
Raymond and, 111
speed of, 104-6
split flaps in, 105
variable-pitch propellers in, 104
wing loading of, 105
wing structure of, 83—4
DCy4, 111
DC8, 114-15
DeFrance, Smith J., 279-80
design. See also airplane design; conceptual
design; methodology
flight velocity, 37
of glider, 23—7
lightness of, 34
refining, 27-30
revolution in, 30—4
for lift, 24-6
philosophy
of Barnwell, §8-9, 61—2
of Raymond, rr1-12
of Wright brothers, 26
of Rohrback, 83
structural, 82—4
weight in, 35-6
design revolution. See also engine
Barnwell in, 59
DCrx in, 70-1
DC3 in, 101, T06-7
Electra in, 219
jet age in, 192—6, 202—3, 240-2
materials, structures in, 82—4
Northrop in, 213-14
streamlining in, 71-2, 92
technology in, 85, 93
university degree programs in, 85—6
variable-pitch propeller, supercharging,
100-octane fuel in, 79-80
diffuser, 201
dihedral, 23—4
dive-recovery flap, 23 5-7
Douglas, Donald W., 88-92
Raymond and, 109
on safety, 95-6
Douglas Aircraft Company. See also DCt
DCs, 69-70
engineers

airplane design of, 93
for TWA, 93-5
Raymond at, 108-9
Douglas Sleeper Transport (DST), roo-1

drag, 16. See also transonic drag divergence

aerodynamic, 71
cleanup, NACA on, 243—4
coefficient, of U-2, 267-8
induced, 32, 146
lift and, 32
NACA cowling and, 75-6, 92
of 1900 glider, 3940
of 1903 glider, 40-1
of 1902 glider, 40
Reynolds number in, 136—7
skin friction, 136—7
streamlining for, 92
drag reduction
of DC3
high aspect ratio wing in, ro1—2
NACA cowling in, 1023
retractable landing gear in,
1034
streamlining in, 101, 104
DST. See Douglas Sleeper Transport
Duralumin, 54, 82

Earhart, Amelia, 238-9

Edgar, Graham, 81—2

Egtvedt, Clairmont L., 88

Electra. See also Model 14 Super Electra
in design revolution, 219
of Johnson, 21620
wind tunnel, in design of, 216-19
wing fillet of, 218-19

elliptical wing, 139-43
in fighter airplanes, 1514
induced drag in, 146
of Mitchell, 142-6
of Spitfire, 142—5, 151

engine. See also air-cooled radial engine
jet, 201, 251-2, 256
liquid-cooled in-line engine, 74-5
Merlin, 177-8
of NA-73, 176-8
NACA cowling on, 1023
nacelles of, 218
pressure in, 81
reliable, more powerful, 76—9
rotary, 75, 77
turbojet, 194-5, 202
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engine. (cont.)
of von Ohain, 1923
in WWI, 76

Experiments in Aerodynamics (Langley),

F.2A, 44-7, 49
F-86, 1823
F-100 Super Sabre, 184
F-1o4 Starfighter, 261—4
fighter airplanes
British, 1646
elliptical wing in, r51—4
Johnson on, 245-9
P-80 as, 259
fillet. See wing fillet
fixed-pitch propeller, 8o
flight data, 35
flight dynamics, 16
flight velocity, 37
flying machine. See also airplane
Chanute on, 19
as system, 16
Wright brothers and, 16-18
Fokker, Anthony, 162
Fokker Aircraft Corporation
Kindelberger at, 163
Schmued at, 162
TWA and, 162
Ford, Henry, 14
Foss, Richard L., 237
Fowler flap, 223-5, 238
Frye, Jack, 69, 9o-1
fuel
100-octane fuel, 8§1-2
in WWII, 82

GA-43, 162—3
General Aviation. See Fokker Aircraft
Corporation
glider, 15-16
of Chanute, 19-27
design of, 23—7
lightness of, 34
refining, 27-30
revolution in, 30—4
dihedral of, 23—4
drag of
1900 model, 39-40
1902 model, 40
1903 model, 40-1
lift of, 24-6, 28, 30-1

Index

Lilienthal and, 21-3
wing of, 32
of Wright brothers

25 1900 model, 19-28, 38-40

1901 model, 28-30
1902 model, 326, 39—40
1903 model, 35, 39—41
Gloster E28/39, 193—4
Gloster Gladiator, 136
Grampian Engineering and Motor Co.,
48-9
the Grand, 205
grand designers
as artists, 286
Barnwell as, 47
conceptual design and, 282-3
education of, 286
future of, 288

Johnson as, 189-91, 227-9, 236-7, 245,

273-4, 277-81

Mitchell as, 122, 132-3, 139, T54—5

publishing by, 286-7

Raymond as, 114-15

Schmued as, 164, 185-6

shared traits of, 283-5

Wright brothers as, 12
Grey, C. G., 62
Gross, Robert E., 215, 249
Guggenheim, Daniel, 206

He-178, 1923
Herman, Fred, 68—9, 92
Heron, Samuel D., 77-8
Hibbard, Hall L., 215-16, 21920, 242
high altitudes, 58—9
high aspect ratio, 31-2
high aspect ratio wing, 101-2, 265
Hispano-Suiza, 77
Hooper, C. A., 44
Horkey, Edward, 168
Atwood and, 179-81
on laminar flow airfoil, 180
Schmued and, 172—3
Hudson, 229

induced drag, 32, 146
inlets, 256-8

Jacobs, Eastman, 244
Jakab, Peter, 14
jet engine, 201, 2512, 256
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Kartveli, Alexander, 151—2
Kelsey, Benjamin S., 231
Kindelberger, James H., 91—2
at Fokker, 163
Raymond and, r10
Schmued and, 166-8
kite test, 1819

jet revolution
in design revolution, 192—6, 2023
Johnson in, 1912, 246-7, 253—4
Lockheed in, 240—2
jet-propelled airplane, 192-3, 201
Johnson, Kelly
academic career of, 208, 210-12
as aerodynamicist, 208-9
as aeronautical engineer, 221, 226
airplane design and, 242-3, 287-8
at Cal Tech, 23940
conceptual design of, 271-3
DeFrance and, 279-80
Earhart and, 238—9
early years of, 203—5
Electra of, 216-20
F-1o4 Starfighter of, 261—4
on fighter airplanes, 245—9
Fowler flap of, 238
as grand designer, 189-91, 227-9, 2367,
245, 273—4, 277-81
Gross and, 249
Hibbard and, 219-20, 242
jet engine of, 251-2, 256
in jet revolution, 191-2, 246—7, 253—4
laminar flow airfoil and, 252-3, 258-9

laminar flow airfoil, 244

Horkey on, 180

Johnson and, 252-3, 258-9

of NACA, 170-3, 181—2
landing gear, retractable, 103—4
Langley, Samuel Pierpont, 4-6

on aerodynamics, 31

Experiments in Aerodynamics of, 25
Lawrence, Charles L., 78—9
lift, 16

coefficient, 31, 36—7

drag due to, 32

of glider, 24-6, 28, 30-1
lightness, of glider, 34
Lightning. See P-38 Lightning
Lilienthal, Otto, 6, 25-6

data of, 37

glider of, 21-3

at Lockheed, 189—91, 215-16, 220-1,

223, 237-8, 240-2, 249
Mach 2 and, 260-1
methodology of, 269-70
Model 14 Super Electra of, 223-8
NACA and, 236-7, 243-5, 278-81
P-38 Lightning of, 229-31

P-8o Shooting Star of, 237, 247, 251,

2534
Palmer and, 210-12, 215
Pawlowski and, 207-8
personal life of, 240
retirement of, 276
Rich and, 274-5
Skunk Works and, 249-51, 259-60,

264-5
SR-71 Blackbird of, 270-6
on tuck-under problem, 235-6
U-2 of, 265—70
at University of Michigan, 21o-12
wind tunnel of, 219, 2223, 2546
X-airplanes and, 277-8

Jones, B. Melvill, 723
Jones, R. T., 196
Junkers, Hugo, 54-6, 82

Wright brothers and, 15-16, 28-30
Lilienthal table, 30—2
liquid-cooled in-line engine, 74-5

Lockheed Aircraft Company, 237-8, 240-2.

See also Johnson, Kelly; Skunk
Works
Air Ministry and, 228—9
Burcham at, 187-8
early years of, 213-14
F-1o04 Starfighter of, 261—4
Gross and, 215
Hudson of, 229
in jet age, 240-2
in jet revolution, 191—2
Model 14 Super Electra of, 227-8
Northrop and, 213
P-38 Lightning of, 229-32
Vega of, 213-14
wind tunnel at, 216, 222-3
XP-80 of, 188—9
Lockheed-Martin F-22, 9
Loughead, Alan, 213

Mach 2
F-104 Starfighter at, 261—4
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Mach 2 (cont.) MR.1, 55
Johnson and, 260-1 Mustang. See P-51 Mustang
materials, structures and, §2—4
Maxim, Hiram, 3—4 NA-21, 164
McLean, Robert NA-73
on Spitfire, 138-9 engine of, 176-8
on the Venom, 138-9 of Schmued, 167-8, 176-8
Meredith radiator Spitfire and, 177
Atwood on, 179-80 NA-73X, 156-7
Mitchell and, 147-8 NACA. See National Advisory Council on
Schmued and, 174 Aeronautics
Merlin engine, in P-51 Mustang, 177-8 nacelles, engine, 218
metal. See all-metal airplane National Advisory Council on Aeronautics
methodology. See also conceptual design (NACA)
of airplane design, 6-7, 9 airfoil, 169—70, 2267, 252-3
of Barnwell, 47, 60-5, 93 cowling, 74-6
of Johnson, 269—70 drag and, 75-6, 92
of Wright brothers, 17, 35, 38-9, 41-3 on engine, 102—3
Midgley, Thomas, Jr., 81 on drag cleanup, 243—4
Milikan, Robert, 109-10 F-86 of, 182—3
Mitchell, R. J. F-to0 Super Sabre of, 184
in aeronautics, 130-1 Johnson and, 236-7, 243-5, 278-81
aesthetics of, 124, 146-7 laminar flow airfoil of, 170-3, 181—2
biography of, 118-19 P-38 Lightning and, 2323
elliptical wing of, 142-6 Pawlowski at, 206
as grand designer, 122, 1323, 139, 154—5 on wind tunnel, 244—5
Meredith radiator and, 147-8 Navy, U. S., 75, 79
personal challenge of, 149-51 newspaper industry, Wright brothers in,
Rolls-Royce and, 129-31, 148—9 13-14
S.4 of, 126-8 Northrop, Jack, 83—4, 91—2
S.5 of, 128—9 in design revolution, 213-14
S.6B of, 1323 at Lockheed, 213
Schmued and, 160 Vega of, 213-14
in Schneider Trophy, 125-6, 128 noseover, 69
Sea Lion IIT of, 125-6
self-eduction of, 1201 100-octane fuel, §1-2
Southampton flying boat of, 123—5 O0X-27, 162
on speed, 131
Spitfire of, 117-18, 139 P-38 Lightning
at Supermarine, 119—20, 122—§, 134 aerodynamics of, 233-5
Type 224 of, 134-6 Foss on, 237
wing fillet and, 148 of Johnson, 229-31
Model 14 Super Electra Kelsey and, 231
of Johnson, 223-8 of Lockheed, 229-32
of Lockheed, 227-8 NACA and, 232-3
NACA airfoil of, 226—7 in WWIL 231-2
monoplane P-s1 Mustang
of Barnwell, 57-8 conceptual design of, 168
DCj3 as, 106 genesis of, 164-8
Montieth, Charles N., 88 Rolls-Royce Merlin engine in, 177-8
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of Schmued, 16970, 1734, 185 Warner and, 87
wind tunnels in, 173—4 Wetzel and, 93—4
P-8o Shooting Star on wind tunnel, 112-13
as fighter jet, 259 rectangular skin panels, 83
inlets of, 256-8 reliable, more powerful engines, in design
of Johnson, 237, 247, 251, 253—4 revolution, 76-9
Page, Handley, 54—5 Rentschler, F. B., 79
Palmer, Don, 210-12, 215 retractable landing gear, 103—4
Pawlowski, Felix Reynolds number, 136-7, 158—9
in aeronautics, 205-6 Rich, Ben, 250, 274-5, 288
Johnson and, 207-8 Robbins, Richard, 93—5
at NACA, 206 Rohrback, Adolf
at University of Michigan, 206—7 design of, 83
Penaud, Alphonse, 2-3, 5-6 Northrop and, 83—4
philosophy. See design rectangular skin panels of, 83
pneumatic wing, §3—4 Wagner and, 83—4
Prandtl, Ludwig, 140-2, 152 Rolls-Royce, 77, 116-17
pressure, in engine, 81 Merlin engine of, 177-8
Progress in Flying Machines (Chanute), 19 Mitchell and, 129-31, 148-9
propeller S.6 of, 12930
of Barnwell, 57 Supermarine and, 148-9
fixed-pitch, 8o rotary engine, 75, 77
variable-pitch, 79-80 Royal Aircraft Factory (RAF), 5o
in DC1, 104 Barnwell at, 5o0-1
in DC3, 104 Bristol Bulldog and, 51
Propeller Research Tunnel (PRT), 75 rudder, 33-5
propulsion, 16, 2013
PRT. See Propeller Research Tunnel S.4, 126-8
S.s5
Quill, Jeffrey, 138-9 of Mitchell, 128-9
in Schneider Trophy, 129
radial engine, 74-5 of Supermarine, 128-9
RAF. See Royal Aircraft Factory S.6
Raymer, R. ]., 169 Rolls-Royce and, 129-30
Raymond, Arthur in Schneider Trophy, 129-30
in aeronautics, IT0-I1I S.6B
on airplane design, 98 of Mitchell, 132-3
DCr and, 110 in Schneider Trophy, 1324
DC3 and, 111 technology of, 133
DC4 and, 111 safety, 95—6
design philosophy of, r11-12 sawtooth flight path, 69
at Douglas Aircraft Company, 108—9 Schmued, Edgar
Douglas and, 109 in car accident, 163—4
early years of, t07-8 conceptual design of, 168, 178—9
as executive, ITI early life of, 1602
as grand designer, 114-15 at Fokker, 162
Kindelberger and, 110 GA-43 of, 162-3
Milikan and, 109-10 as grand designer, 164, 185-6
Northrop on, 91-2 Horkey and, 172-3
TWA and, 93-5 Kindelberger and, 166-8
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Schmued, Edgar (cont.)
later years of, 1825
Meredith radiator and, 174
Mitchell and, 160
NA-21 of, 164
NA-73 of, 167-8, 176-8
NA-73X, 156—7
NACA airfoil and, 169—70
OX-27 of, 162

P-51 Mustang of, 169—70, 173—4, 185

retirement of, 184—5
streamlining by, 174-6
Schneider Trophy, 131-2
Mitchell in, 125-6, 128
S.41n, 126-8
S.5in, 129
S.6 in, 129-30
S6B, 1324
Supermarine in, 134
Sea Lion III, 125-6
Second Design Revolution. See jet
revolution
Seversky Aircraft Corporation, 1513
shock wave, 195—9
Shooting Star. See P-8o Shooting Star
skin friction drag, 136-7
Skunk Works
designing, 259-60
Johnson at, 249-51, 259-60, 264-5
U-2 and, 268
wind tunnel of, 252
Smith, Cyrus R., 99-100
Smith, Richard, 285-6
Smith, Robert K., 8
Southampton flying boat, 123—5
speed
of DC3, 1046
Mitchell on, 131
of Spitfire, 145—6
spin, 33—4
Spitfire
aerodynamics and, 145
airfoils of, 139, 143-5
elliptical wing of, 142-5, 151
McLean on, 138—9
of Mitchell, r17-18, 139
NA-73 and, 177
speed of, 145-6
of Supermarine Aviation, 116-18
Type 224 and, 137-8
the Venom and, 138—9

Index

split flaps, 105
SR-71 Blackbird, 270-6
Stoneman, Fred, 92
streamlining, 723
in design revolution, 71-2, 92
for drag, 92
in drag reduction, of DC3, 1071, 104
by Schmued, 174-6
structural design, 82—4
structures, materials and, 82—4
Summers, Mutt, 117
Super Electra. See Model 14 Super Electra
supercharging, 79-81
supercritical airfoils, 201
Supermarine Aviation
Billing at, 120
Mitchell at, 11920, 122-5, 134
Rolls-Royce and, 148-9
S.4 of, 126-8
S.5 of, 128—9
S.6 of, 12930
in Schneider Trophy, 125-6, 134
Spitfire of, 116-18
Type 224 of, 134-6
supersonic, 196—20T
supersonic airplanes, 196—201
swept wing, 196
system, flying machine as, 16

technology
conceptual design and, 178-9, 283
of design revolution, 85, 93
Meredith radiator as, 147-8
Rolls-Royce in, 148-9
of S.6B, 133
wing fillet as, 148-9
thrust, 16
Transcontinental and Western Air, Inc.
(TWA), 69, 88—91
DCr and, 98-9
Douglas Company engineers and, 93—5
Fokker and, 162
Raymond and, 93-5
transonic area rule, 199
transonic drag divergence, 198—9
tuck-under problem, Johnson on, 235-6
turbojet engine, 194-5, 202
TWA. See Transcontinental and Western
Air, Inc.
Type 224
airfoils for, 135
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failure of, Spitfire and, 137-8
of Mitchell, 134-6

skin fraction drag of, 136-7
wind tunnel for, 135-7

U-2
aerodynamics of, 265
in Cold War, 265, 268
drag coefficient of, 267-8
of Johnson, 265-70
Skunk Works and, 268
university. See also Cal Tech

aeronautical engineering programs at,

85—6, 209-10, 212
in design revolution, 85-6
University of Michigan

aeronautical engineering program at, 207

Johnson at, 210-12
Pawlowski at, 206—7

variable-pitch propeller, 79-80
in DC1, 104
in DC3, 104
Vega, 213-14
the Venom
McLean on, 138-9
Quill on, 138—9
Spitfire and, 138-9
vertical tail, 32—4
Vickers, 138
von Hake, Richard, 210
von Karman, Theodore, 209-10
von Ohain, Hans, 192—4

Wagner, Herbert, 83—4
Warner, Ed

on airfoils, 169

on airplane design, 159-60

Airplane Design: Aerodynamics by,

86-7, 157-8, 169

at Douglas Aircraft Company, 109

Raymond and, 87

on wind tunnels, 158-9
weight, 35-6
Wenham, Francis, 30
Wetzel, Harry, 93—4
Whitcomb, Richard, 199—201
White, George, 49
Whittle, Frank, 193—4
wind tunnel

Air Ministry on, 128

Index 305

Barnwell and, 52-3, 63, 98
of Boeing, 113-14
data, 38, 158
for DCr1, 97-8
in Electra design, 216-19
of Johnson, 219, 2223, 2546
at Lockheed, 216, 222—3
NACA on, 244-5
in P-51 Mustang, 173—4
Raymond on, 112-13
of Skunk Works, 252
for Type 224, 1357
Warner on, 158-9
of Wright brothers, 30-1, 35,
168-9
wing. See also airfoils; elliptical wing
dihedral, 23—4
of glider, 32
high aspect ratio, 1o1-2, 265
loading, 26-9, 37-8, 105
models, 31
pneumatic, §3—4
structure, of DC3, 83—4
swept, 196
wing fillet
of Electra, 218-19
Mitchell and, 148
as technology, 148-9
World War I (WWI), 9, 50-1, 55
airplane design in, 99
engines in, 76
World War II (WWII), 69—70, 76
aircraft industry in, T11
fuel in, 82
P-38 in, 2312
Wright brothers, x, 6
on aerodynamics, 16
on airplane design, 16-17
as bicycle manufacturers, 14-15
Chanute and, 19—20
conceptual design of, 7, 61
design philosophy of, 26
early years of, 12-13
education of, 13
flight data of, 35
on flying machines, 16-18
glider of
1900 model, 19-28, 38—40
1901 model, 28-30
1902 model, 32-6, 39—40
1903 model, 35, 39—41
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Wright brothers (cont.) Wright Flyer, 36, 38-9, 41
refining, 27-30 Wright Flyer I, to-11
revolution in, 30—4 WWI. See World War I
as grand designers, 12 WWIL See World War 11
kite test of, 18-19
Lilienthal and, 15-16, 28-30 X-airplanes, 277-8
methodology of, 17, 35, 38-9, 413 XP-80, 1889
in newspaper industry, 13-14
wind tunnel of, 30-1, 35, 168—9 YF-102, 199
Wright Cyclone, 78—9, 105-6 Young, James, 248

@© in this web service Cambridge University Press & Assessment www.cambridge.org


www.cambridge.org/9780521817875
www.cambridge.org

