
Fundamental Aeronautics Program
Subsonic Fixed Wing Project

National Aeronautics and Space Administration

www.nasa.gov

Meeting the Challenges of Propulsion and
Active Flow Control Testing in the
National Transonic Facility

IPLC
Philadelphia, Pennsylvania
October 7, 2010

Gregory S. Jones

William E. Milholen II

Christopher M. Cagle

NASA Langley Research Center
Subsonic Fixed Wing Project
Fundamental Aeronautics Program



Fundamental Aeronautics Program
Subsonic Fixed Wing Project

• Background

• Measurement Issues Associated w/ SMSS

• Air Station Checkout

• Circulation Control Semi-Span Model

• Concluding Remarks

OUTLINE

IPLC, October 7, 2010



Fundamental Aeronautics Program
Subsonic Fixed Wing Project

NASA Subsonic Transport System Level Metrics
…. technology for dramatically improving noise, emissions, & performance

N+1 “Conventional” N+2 Hybrid Wing/Body N+3 Generation

?
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Circulation Control Aerodynamics

Technology/Physics
High momentum blowing slot
• direct augmentation of lift and drag
• steady or unsteady blowing

Benefits
Simplified low-speed high-lift system
• significant reduction in flap chord
• replacement of complex fowler system 

High-speed applications
• transonic drag reduction
• buffet boundary modification
• maneuvering

New design trade studies
• field length (CTOL,STOL,ESTOL), noise, cruise efficiency, maneuver 
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2004 NASA/ONR 
CIRCULATION CONTROL WORKSHOP

• Experiments
– Long history that includes small scale to flight demonstrations

– Limited data sets available for modern CFD validation
for fixed wing aircraft

• CFD
– Comparisons of different techniques resulted in inconsistencies

of performance prediction (turbulence models, grid generation 
related to jets and wakes, etc)

– Need better prediction tools and high-quality experimental data 
bases to quantify and optimize performance  

• Workshop conclusions related to fixed wing 
applications

– Circulation control has not been implemented on production 
aircraft (Why?)

• Low confidence in prediction capability
• Lack of need on conventional mission profiles

• Next workshop in 2012 time frame
- NASA ARC, LaRC 
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CFD VALIDATION
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Reversing Mode

High Lift Mode

Cruise Mode
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Simplified Schematic of High Pressure Air Delivery for 
Semi-Span Models in the NTF

Testing in air (120 oF) to mild cryogenic conditions (-50oF) 

 

°
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Tunnel Sidewall

Propulsion Simulation



Fundamental Aeronautics Program
Subsonic Fixed Wing Project

NTF Operating Envelope Using SMSS

IPLC, October 7, 2010
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SPECIAL CHALLENGES ASSOCIATED W NTF

• BALANCE STABILITY AT COLD CONDITIONS
– HEATED ENCLOSURE (SMSS)

• PRESSURE TARES ASSOCITED WITH BELLOWS
– POST TEST 195

• TEMPERATURE EFFECTS ON INSTRUMENTATION
– MOTOR CONTROL VALVES IN MODEL
– MODEL SAFETY SYSTEM SENSITIVE TO TEMPERATURE
– PRESSURE TRANSDUCERS

• HEATED ENCLOSURES FOR ESP SYSTEMS
• CALIBRATION FOR PRESSURE AND TEMPERATURE

• MASS FLOW REQUIREMENTS AT ELEVEATED PRESSURES
– FLOW METER CALIBRATION FOR 0.3% READING

10



Fundamental Aeronautics Program
Subsonic Fixed Wing Project

model
turntable

Inner bellows
Balancepitch 

drive

heater/blower

manifolds

coaxial
supply 
lines

bellows

high flow 
vent

Modified Side Mounted Support System

IPLC, October 7, 2010
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Characteristics of the New NTF-117S Balance

Balance completion/calibration funded by ATP
• enables transonic semi-span testing
• initial fabrication in 1990s during AST
• parallel effort for in situ calibration at NTF (winter 2010)
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Cross-Sectional View of Bellows Attachment

Static pressure tares 
estimated to be small
•low stiffness compared to 
balance
•lack of sideforce
measurement

Second balance calibration 
being planned to access 
effect of bellows

Momentum tares to be 
evaluated using calibration 
nozzles

IPLC, October 7, 2010
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Verification of Air Station Performance

OBJECTIVES
1.) Determine the boundaries of 
the new Air Station

- Mass Flow
- Temperature

2.) Evaluate Balance tares 
associated with bellows

Predicted Nozzle Performance
(To,j=-50oF, po(tunnel) = 5 ATM)

IPLC, October 7, 2010

Initial Runs are with 
NO External flow (i.e. tunnel off)
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3D Aerodynamic Scale Effects for CC
the FAST-MAC activity

• Flow Control/Propulsion Simulation Upgrade
at the National Transonic Facility

– High-pressure air delivery station
– Larger capacity force and moment balance

• Modular Research Model
– Fundamental Aerodynamics Subsonic Transonic - Modular Active Control 
– Low-speed high-lift & transonic cruise
– State-of-art aerodynamic design
– Open geometry
– Modular for future flow control concepts
– Significant interest by industry/OGA to

leverage model in future

15



Fundamental Aeronautics Program
Subsonic Fixed Wing Project

Predicted Aerodynamic Characteristics of FAST-MAC 
High-Lift Design with Blowing using USM3D

M=0.20, α=25o, NPR=1.80, Re=20x106

Predicted Streamlines at
Maximum Lift Coefficient

M=0.20, Re=20x106

Blowing Off

Blowing On
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Internal Features of Semi-span Model Assembly

IPLC, October 7, 2010
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CC MODEL EVALUATION

IPLC, October 7, 2010

OBJECTIVES
• Characterize CC High Lift
• Characterize CC Cruise
• Operational Checkout Fall 2010.
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SLOT HEIGHT SETTINGS

IPLC, October 7, 2010

AFT PLENUM
COVER

CHOKE
PLATE

STAND-OFF
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STAND-OFF

60o FLAP

CONFIGURATION 1: h/C=0.0033
CONFIGURATION 2: h/C=0.0022
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Concluding Remarks

Unique high-Reynolds number testing capability for flow control
and propulsion simulations is being established in the NTF using
semi-span models

Unique data providing insight in to scaling laws to flight

Air station check-out/verification: now – 11/01/10

FAST-MAC model pre-test cryo-cycle: 10/20/10

FAST-MAC model testing complete (round 1) 12/18/10
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Temperature Sensitivity on Pressure Gage
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FAST-MAC Transonic Wing Design

Wing planform parameters:
AR=5.0, λ=0.40
cbar = 18.1 in.

Design conditions: 
M=0.85, Re = 30x106

CL = 0.50

Flow solver:
USM3D, fully turbulent, 
S-A turb model with wall   
functions, 
~5 million cells

Inverse design using CDISC
• no blowing slot included

30o

Blowing slot at 85% chord
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Predicted Aerodynamic Characteristics of FAST-MAC 
Wing Design (no blowing) using USM3D
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Wing Designed using CDISC
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FAST-MAC High-Lift Design with Blowing

USM3D, full-viscous simulation, S-A
turbulence model (35 million cells)

10% chord slat 15% chord 
circulation control 
hinged flap
60o deflection

Application of plenum boundary condition
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