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�� Mach was actually the first Mach was actually the first 

person in history to person in history to 

develop a method for  develop a method for  

visualizing the flow visualizing the flow 

passing over an object at passing over an object at 

supersonic speeds. He supersonic speeds. He 

was also the first to was also the first to 

understand the understand the 

fundamental principles that fundamental principles that 

govern supersonic flow govern supersonic flow 

and their impact on and their impact on 

aerodynamics. aerodynamics. 

Ernst Mach, a great 19th century Ernst Mach, a great 19th century 

scientist from Austria.scientist from Austria.



Photograph of a bullet in supersonic Photograph of a bullet in supersonic 

flight, published by Ernst Mach in flight, published by Ernst Mach in 

18871887



BALLISTIC MEASUREMENTS OF BALLISTIC MEASUREMENTS OF 

DRAG COEEFICIENT 1910DRAG COEEFICIENT 1910



�� FRANK CALDWELL AND ELISHA FALESFRANK CALDWELL AND ELISHA FALES

�� McC00K FIELD, DAYTON, OHIOMcC00K FIELD, DAYTON, OHIO

�� 1918 1918 –– WIND TUNNEL TESTS: 25WIND TUNNEL TESTS: 25--465465

�� AIRFOILS:  8% TO 20% THICKNESSAIRFOILS:  8% TO 20% THICKNESS



AIRFOIL LIFT COEFFIENT VERSUS AIRFOIL LIFT COEFFIENT VERSUS 

VELOCITY VELOCITY –– DATA OF CALDWELL AND DATA OF CALDWELL AND 

FALES FALES ---- 19181918



�� LYMAN J. BRIGGS AND HIGH L. DYRDENLYMAN J. BRIGGS AND HIGH L. DYRDEN

�� NATIONAL BUREAU OF STANDARDS, 1924NATIONAL BUREAU OF STANDARDS, 1924

�� COMPRESSIBILITY EFFECTSCOMPRESSIBILITY EFFECTS

�� AS THE AIRFLOW INCREASES BEYOND A AS THE AIRFLOW INCREASES BEYOND A 

CERTAIN “CRITICAL SPEED”:CERTAIN “CRITICAL SPEED”:

1.1. LIFT DECREASED DRAMATICALLYLIFT DECREASED DRAMATICALLY

2.2. DRAG INCREASED DRAMATICALLYDRAG INCREASED DRAMATICALLY

3.3. CENTERCENTER--OFOF--PRESSURE SHIFTS REARWARDPRESSURE SHIFTS REARWARD

4.4. THE “CRITICAL SPEED” AT WHICH THESE OCCUR THE “CRITICAL SPEED” AT WHICH THESE OCCUR 

DECREASES AS THE ANGLE OF ATTACK IS DECREASES AS THE ANGLE OF ATTACK IS 

INCREASED AND THE AIRFOIL THICKNESS IS INCREASED AND THE AIRFOIL THICKNESS IS 

INCREASEDINCREASED



�� BRIGGS AND DRYDEN, NBS, 1926BRIGGS AND DRYDEN, NBS, 1926

�� PRESSURE DISTRIBUTIONS INDICATED PRESSURE DISTRIBUTIONS INDICATED 

FLOW SEPARATIONFLOW SEPARATION

�� OIL FLOW EXPERIMENTS CONFIRMED ITOIL FLOW EXPERIMENTS CONFIRMED IT



John Stack John Stack ---- 19061906--19721972

American Aeronautical EngineerAmerican Aeronautical Engineer

�� Played an important Played an important 

role to achieve role to achieve 

manned supersonic manned supersonic 

flightflight



NACA HIGH-

SPEED 

WIND 

TUNNEL



JOHN STACK’S AIRFOIL DATA JOHN STACK’S AIRFOIL DATA ----

19341934



HighHigh--Speed Research AirplaneSpeed Research Airplane

Stack’s handStack’s hand--drawn drawn 

graph of the power graph of the power 

required for a highrequired for a high--

speed airplane speed airplane 

illustrating the effects illustrating the effects 

of compressibility of compressibility 

(1933).  (From John (1933).  (From John 

Stack Files)Stack Files)



SUPERMARINE S6SUPERMARINE S6--BB



EASTMAN JACOBSEASTMAN JACOBS

�� Wind Tunnel Work In The Wind Tunnel Work In The 
30's Established The 30's Established The 
Shape Of Airfoils Shape Of Airfoils 

�� 1939, Eastman Jacobs at 1939, Eastman Jacobs at 
NACA at Langley designed NACA at Langley designed 
and tested the first laminar and tested the first laminar 
flow aerofoil. These flow aerofoil. These 
shapes had very low drag shapes had very low drag 
and the section shown and the section shown 
below achieved a lift to below achieved a lift to 
drag ratio of about 300.drag ratio of about 300.



�� 1939, Eastman Jacobs 1939, Eastman Jacobs 

at NACA at Langley at NACA at Langley 

designed and tested designed and tested 

the first laminar flow the first laminar flow 

aerofoil. These shapes aerofoil. These shapes 

had very low drag and had very low drag and 

the section shown on the section shown on 

the right achieved a lift the right achieved a lift 

to drag ratio of about to drag ratio of about 

300.300.
Jacobs Designed & Tested 

Laminar  Flow Airfoil



SHOCK WAVES ON AIRFOIL SHOCK WAVES ON AIRFOIL 

FIRST PHOTOGRAPH, 1934FIRST PHOTOGRAPH, 1934



THEODORE THEODORSENTHEODORE THEODORSEN

�� General Theory of General Theory of 

Aerodynamic Instability Aerodynamic Instability 

and Mechanism Flutterand Mechanism Flutter

�� Aerodynamic forces on Aerodynamic forces on 

oscillating airfoiloscillating airfoil



DCDC--33

�� Manufacturer:Manufacturer:DouglasDouglas

�� First First Flight:Flight:DecemberDecember 17, 17, 

19351935

�� Wingspan:Wingspan:95 feet95 feet

�� Length:Length:64 feet 5.5 inches64 feet 5.5 inches

�� Height:Height:16 feet, 3.6 inches16 feet, 3.6 inches

�� Weight:Weight:30,000 pounds30,000 pounds

�� Top Speed:Top Speed:216 mph216 mph

�� Cruising Speed:Cruising Speed:192 mph192 mph

�� Flight Altitude:Flight Altitude:20,800 20,800 

feetfeet

�� Range:Range:1,495 miles1,495 miles

�� Engines:Engines:TwoTwo 1,2001,200--
horsepower Wright horsepower Wright 
Cyclone radial enginesCyclone radial engines

�� PassengerAccommodatiPassengerAccommodati
ons:ons:3 crew and 14 3 crew and 14 
sleeper passengers, or 21 sleeper passengers, or 21 
to 28 dayto 28 day



DOUGLAS DCDOUGLAS DC--3 19353 1935



LOCKHEED PLOCKHEED P--3838



BAR CHART SHOWING BAR CHART SHOWING 

THE MAGNITUDE OF THE MAGNITUDE OF 

HOW MUCH THE PHOW MUCH THE P--

38 PENETRATED 38 PENETRATED 

THE THE 

COMPRESSIBILITY COMPRESSIBILITY 

REGIMEREGIME

(From R. L. Foss, “From Propellers to Jets 

in Fighter Aircraft Design,” in Diamond 

Jubilee of Power Flight:  The Evolution of 

Aircraft Design, ed., by Jay Pinson, AIAA, 

New York, 1978, pp. 51-64



GENERIC VARIATION OF AIRPLANE DRAG COEFFICIENT VERSUS GENERIC VARIATION OF AIRPLANE DRAG COEFFICIENT VERSUS 

MACH NUMBER OF SUBSONIC, TRANSONIC, & SUPERSONIC MACH NUMBER OF SUBSONIC, TRANSONIC, & SUPERSONIC 

SPEEDSSPEEDS



BELL XBELL X--11



Bell XBell X--11

�� First of the rocketFirst of the rocket--powered research aircraft, the Xpowered research aircraft, the X--1 1 
(originally designated the XS(originally designated the XS--1)1)

�� BulletBullet--shaped airplane that was built by the Bell Aircraft shaped airplane that was built by the Bell Aircraft 
Company for the US Air Force and the National Company for the US Air Force and the National 
Advisory Committee for Aeronautics (NACA)Advisory Committee for Aeronautics (NACA)

�� XX--1 mission  was to investigate the transonic speed 1 mission  was to investigate the transonic speed 
range (speeds from just below to just above the speed range (speeds from just below to just above the speed 
of sound) and, if possible, to break the "sound barrier"of sound) and, if possible, to break the "sound barrier"

�� The The Bell XBell X--11 was the first aircraft to exceed the was the first aircraft to exceed the speed speed 
of sound. It was the first of the so called Xof sound. It was the first of the so called X--planes planes 

�� XX--Planes were a series of aircraft designated for Planes were a series of aircraft designated for 
testing of new technologies and usually kept highly testing of new technologies and usually kept highly 
secretsecret



�� In the 1947 special case, combat aviator In the 1947 special case, combat aviator 

Chuck Yeager flew manufacturer Lawrence Chuck Yeager flew manufacturer Lawrence 

Bell's new XBell's new X--1 airplane faster than the 1 airplane faster than the 

speed of sound. Yeager thereby not only speed of sound. Yeager thereby not only 

pierced the sopierced the so--called sound barrier, but called sound barrier, but 

helped operate a transonic research tool helped operate a transonic research tool 

conceived mainly by veteran NACA highconceived mainly by veteran NACA high--

speed researcher and manager John Stack speed researcher and manager John Stack 





JOHN STACK AND HIS SECOND JOHN STACK AND HIS SECOND 

COLLIER TROPHY, 1953COLLIER TROPHY, 1953


