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AIRFOIL RESEARCH CHRONOLOGY
(1915-1950)
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AIRFOIL RESEARCH CHRONOLOGY

(1950 - Present)
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LANGLEY 8-FT. TRANSONIC PRESSURE TUNNEL

HISTORY
* Construction Start 1950
* On-Line 1952
¥ Major Modifications
Date Description
1970 — New Automated Diffuser Spoiler
1980 — Flow Quality Improvements
1981 — Contoured Wall Liner

1982 — Upgraded Data System
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TEST SETUP IN LRC/8-FT. TPT

Liner (4 walls)T
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LANGLEY 8-FT. TRANSONIC PRESSURE TUNNEL

ey

CHARACTERISTICS
* TEST SECTION:

7.1x7.1x18 Ft., Closed Circuit, Continuous Flow, Variable Density,
Slotted Walls, Humidity Controlled

* PRIMARY USES:

Drag Reduction

Fighter Maneuverability
Transport Aerodynamics
DOD Assistance

Missile Aerodynamics
Industry Support

* UNIQUE FEATURES / CAPABILITIES:

Excellent Flow Quality

Dual Data Acquisition and Reduction System
Real—-Time (I1-sec update) Reduced Data Display
State—of—the—Art ESP Fast Pressure Scan (1024 Ch.)

Schlieren Flow Visualization



INFLUENCE OF TURBULENCE LEVEL ON TRANSITION
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ENVIRONMENTAL DISTURBANCE LEVEL WITH MACH NO.
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LANGLEY 8-FT. TRANSONIC PRESSURE TUNNEL

CHARACTERISTICS
* OPERATING ENVELOPE:

Mach Number 0.2-1.3

Reynolds Number/Ft 0.3—6 Million

Total Pressure  560—4240 psfa (0.25—2.0 Atm)
Dynamic Pressure  16—1260 psf

Total Temperature 100°—120°F (660°—580°R)

* RELATIONSHIP TO OTHER FACILITIES:

Unique NASA Transonic Facility for Flow Quality,
Laminar Flow Control, Fighter, Transport, and DOD Studies
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8—FOOT TRANSONIC PRESSURE TUNNEL

Temperature = 120 deg. F
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Mach number M

MACH NUMBER DISTRIBUTION FOR 8-Ft TRANSONIC PRESSURE TUNNEL

Kk— Local Mach Number Averaged ——

for Calibration
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TRANSONIC TUNNEL TESTING
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SHOCK REFLECTION DISTANCE FOR VARIOUS SIZE TUNNELS
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FLIGHT

WALL INTERFERENCE
SLENDER BODY
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EFFECT OF BOUNDARY LAYER ON
SHOCK-INDUCED SEPARATION

WIND TUNNEL
Low Reynolds Number
Shock
‘ Fixed Ak )
transition ™ TR AR
FLIGHT
High Reynolds Number
Natural
transition
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INCREASE
SEVERITY
OF
SEPARATION

CONSEQUENCE OF TRANSONIC VISCOUS EFFECTS

DEGRADES RANGE (~M., (L/D)) VIA DRAG DIVERGENCE

CAUSES HIGH M| BUFFET { RIDE COMFORT-HANDLING .

STRUCTURAL FATIGUE -*\\\\\

PRODUCES PITCHUP (PREMATURE WING TIP STALL)

VARIABLE ALONG-STABILITY

® LOSS OF LONGITUDINAL STABILITY (ONE OF “BIGGER —
HEADACHES® FOR TIP STALL
TRANSPORT AERODYN.)

® LOSS OF OUTBOARD CONTROLS

DEGRADATION OF LATERAL STABILITY  (MILITARY FIGHTERS)

WING ROCK, ETC.

COMPARABLE CONSEQUENCES IN INTERNAL AERO, COMPRESSOR DESIGN,
HELICOPIER, EIL.



POTENTIAL DRAG RebuUcTION
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LANGLEY 8-FT. TRANSONIC PRESSURE TUNNEL

Recent And Current Utilization
1983 — 1986

UTILIZATION: Dedicated to supercritical Laminar Flow Control (LFC)

research since 1980

PURPOSE: Support NASA/Industry Energy Efficiency Technology Program

OBJECTIVES: * Validate prediction techniques
* Establish technology base for future transport designs.
* Establish compatibility of LFC with supercritical technology.

* Evaluate Slotted/Porous suction surface concepts.

OPERATING SHIFTS: 1 shift per day

RESULTS: Completed Slotted—surface LFC model demonstrating
full-chord LFC and compatibility with supercritical
technology and low drag.

Currently testing porous surface concept.



LFC EXPERIMENT REQUIREMENTS

DESIGN 2-D SWEPT SUPERCRITICAL LFC AIRFOIL WITH HIGH PERFORMANCE

COMPARABLE TO TURBULENT AIRFOIL, SIMULATION OF FLIGHT CONDITIONS
AND SCALE EFFECTS

MODIFY 8-FT TPT FOR IMPROVED FLOW QUALITY AT TRANSONIC SPEEDS

CONTOUR ALL NON-POROUS TUNNEL WALLS TO PROVIDE FREE-AIR FLOW

ABOUT YAWED AIRFOIL INCLUDING MODEL-WALL JUNCTURE SUCTION
FOR BLC



SCHEMATIC OF CONTOURED LINER FOR LRC/8’ TPT
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8-FT LFC LINER WALL PRESSURE
ORIFICE LOCATIONS
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CROSSFLOW REYNOLDS NUMBER (Rew) SIMULATION
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AIRFOIL DRAG DIVERGENCE WITH THICKNESS
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LFC AIRFOIL BOUNDARY LAYER/FLOW FIELD

® SLOT GENERATED DI STURBANCES /%
® SONIC LINE WAVE REFLECTION
® BACKFLOW IN SUCTION PLENUM

@ SHOCK-B. L. INTERACTION e
® B.L. GROWTH ACROSS SLOTS
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Suction to 96.2 percent
Slotted surfaces

Hinge
line
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Suction to 84.1 percent

Large chord = 7.07 ft

Y

Free-stream design conditions

Design conditions normal to leading edge
M. =082

MN =0.755

A =23 cn =6.508 ft
c=7.071 ReN =169 x 106
Rc=20% 106 (t/c) py = 13.0 percent

c, =047 C, N =055

Airfoil design parameters.
26.6 %cC 58.7 %¢ 89.1 %c
, AR O R W i e
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24.4 %c 55.6 %c

Duct arrangement.




SIT

* Surface static pressure orifice (184)
O Surface thin-film gauge (26)
X Acoustic gauge (14)

Tunnel ceiling
Turbulent
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SKETCH OF LFC AIRFOIL SUCTION DUCTS AND NOZZLES (2

AIRFOIL MODEL
SUCTION PANEL.S
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MEASURED AND DESIGN PRESSURE DISTRIBUTION
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SPANWISE PRESSURE DISTRIBUTIONS,
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LAMINAR PATTERN AND THIN FILM LOCATIONS/EXAMPLE

2 hot-film signals, RKRMs
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SC LFC AIRFOIL WAKE RAKE
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MEASURED VARIATION OF DRAG WITH R./SWEPT LFC AIRFOIL
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