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ÅCoanda Effect 
ñDeviation of a plain jet of a fluid 

that penetrates another fluid in the 

vicinity of a convex wallò 

Powered lift concepts 

ÅIncrease lift production by exploiting engine exhaust jet 
ÅExternally Blown Flaps (EBF) 

ÅInternally Blown Flaps (IBF) 

ÅUpper Surface Blowing (USB) 

EBF 

USB 

Avrocar circa 1958 
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Experimental confirmation 

Boeing V/STOL (Philadelphia, July 2007) 

Power off 

Power on D Power 

USB 

Single element, 
simple hinge flap 

3-element slotted slat 
and flap 

Speed Agile Concept  Demonstrator 

 - AFRL 

 - Advanced Joint Air Combat System (AJACS) 

| 4 
12th  Symposium on Overset Composite Grids and Solution Technology, 

 October 6-9, 2014 



Engineering, Operations & Technology | Boeing Research & Technology 

Copyright © 2013 Boeing. All rights reserved. 

Current study 

Å Problem 

ĭ Premature jet peeling-off degrades lifting capability  

ÅRatio of Jet thickness to surface radius of curvature: 

ĭ Thin jet 

ĭ Large radius of curvature 

ÅEdge effects 

ĭ Spanwise extent of nozzle 

ĭ Edge vortex formation 

ÅObjective 

ĭDevelop technologies for enhanced USB systems 

ÅApproach 
ĭGeometrical modifications 

ĭActive Flow Control 
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Analysis approach 

ÅCFD based evaluation of the new technologies 
ÅValidation 

ÅApplication to USB enhanced concepts 

ÅNumerical tool 
ÅUnsteady RANS (OVERFLOW with Boeingôs modification) 

ÅOverset grid system 

ÅUpwind scheme 

ÅOne-equation (S-A) turbulence model 

ÅTime-varying boundary conditions 
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Numerical validation 

Illinois Institute of technology 2007 test: 
 

ÅCFD Model: 
Å10.5 million points 
Å34 zones 
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CT = 0.8 
Á near sonic nozzle 

Numerical validation - sample 
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USB baseline configuration 

Computational test bed is based on the IIT model 

ÅWing of constant chord between 2 vertical walls 

ÅFull span flap 

ÅNozzle aspect ratio of 6 

ÅAFC slots embedded in flap upper surface 

ÅHeight of slot is 0.2% chord 
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USB flow features 

Separation 
bubble 

Engine plume 
(M=0.7) 

Cross sectional 
vorticity 

Power off Power on (takeoff) 

Analysis tools 
ÅExtent of separation 

ÅShape of engine plume 

ÅVorticity field 

Flow Features 
ÅLift increment of 16% 

ÅFlow reattachment behind engine  

ÅRoll-up of engine plume at edge of nozzle 
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Techniques for enhanced USB 

Enhanced Coanda effect: 

Ƅ Reshape flap upper surface 

Ƅ Elongated nozzle 

 

Mitigate nozzle edge effects: 

Ƅ Nozzle edge effects 

Ƅ Flow control methods: 

ÁConstant blowing 

ÁPulse actuation 

ÁSprinkler actuation 

| 11 
12th  Symposium on Overset Composite Grids and Solution Technology, 

 October 6-9, 2014 



Engineering, Operations & Technology | Boeing Research & Technology 

Copyright © 2013 Boeing. All rights reserved. 

High curvature flap 

Å 4.7% increase in wing chord 

Å Lift increase of 12% 

 

ÅAugmented Coanda effect over only 28% of wing 

 
 

R = r 

R = 2r 
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High aspect ratio nozzle 

Å Double nozzle width 

Å Fix nozzle exit area (fixed ) 
 

­ Reducing thickness of jet plume 

­ Larger USB affected area 

­ Flow is effectively more 2D 

Å Smoother spanload distribution AR=20 

AR=6 
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fence 

Flap fences 

Å Control edge effects 

Å Prevent vortex roll-up 

Å Reduce three-dimensionality of flow 

 

 

Å Variable height 

Å Fixed or automatically deployed 
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