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AFC Stator with Introduction:AFC Stator with 
Coanda Surface

Introduction:

 Active Flow Control increases the permissible aerodynamic loading 

 Curved surface near the trailing edge (“Coanda surface”)0 Introduction  Curved surface near the trailing edge ( Coanda surface )

 increases turning  higher pressure ratio

 controls boundary layer separation  increased surge margin

1 Test Facility

2 Concept

3 Aerodynamic Design

Objective:

Reduce the number of vanes or compressor stages.

4 Mechanical Design

5 Experimental 
Results

6 Conclusions

Constraints:
1. In a real compressor, the vane must still function 

entirely without blowing.

2. Maintain the flow exit angle of the reference stator 
despite the resulting increase in stator loading.
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AFC Stator with

Compressor test rig at TFD
Performance Data

AFC Stator with 
Coanda Surface

0 Introduction

Inlet
Outlet

1 Test Facility

2 Concept

3 Aerodynamic Design

4 Mechanical Design

5 Experimental 
Results

6 Conclusions

Design speed 17100 rpm

Mass flow 7.81 kg/s

Power 950 kW

Flow coefficient 1st stage 0.71
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Total pressure ratio 2.75

Isentropic efficiency 90.5%

Loading 1st stage 0.44

Reynolds number (stator 1) 4 x 105

N
A

SA
/C

P—
2010-216112

419



AFC Stator with

Concept and Design of the Coanda Stator

D fi iti f th C d S f t th T ili EdAFC Stator with 
Coanda Surface

Definition of the Coanda Surface at the Trailing Edge

Flow0 Introduction

Casing
Turning by
Coanda-effect

1 Test Facility

2 Concept

3 Aerodynamic Design

ed
ge

: 8
3 

m
m

Trailing edge4 Mechanical Design

5 Experimental 
Results

6 Conclusions

• Chord length in mid-span, Stator 1: l = 34 mmTr
ai

lin
g 

ne
 h

ei
gh

t

Flow

• Thickness to chord ratio: 8%

• Slot height h = 0.2 mm

• Slot height/Coanda-radius: h/R1 = 2%

Coanda radi s R1 = 10 mmHub

Va
n
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AFC Stator with B i D i L

Concept and Design of the Coanda Stator

AFC Stator with 
Coanda Surface

Basic Design Loop

Through Flow Analysis0 Introduction
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1 Test Facility

2 Concept

3 Aerodynamic 
Design
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Design

4 Mechanical Design

5 Experimental 
Results

3D blade

A l i Vi li ti

6 Conclusions

3D CFD3D multi-stage Navier-Stokes-
Flow analysis(Numeca)

Analysis, Visualization
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AFC Stator with

Concept and Design of the Coanda Stator

AFC Stator with 
Coanda Surface Profile Section in Mid-Span: Reference and Coanda Stator

0 Introduction

Reference
Coanda Stator

Reference Coanda Stator1 Test Facility

2 Concept

3 Aerodynamic 
Design

Different thickness 
of trailing edge

Design

4 Mechanical Design

5 Experimental 
Results

Position of maximum thickness

of trailing edge
6 Conclusions
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AFC Stator with

3D CFD Simulations

AFC Stator with 
Coanda Surface Mesh for 3D CFD Simulations: Plenum + Slot

0 Introduction

OutletInlet

1 Test Facility

2 Concept

3 Aerodynamic 
Design

Stator 1Increased vane spacing:

24 instead of 30 vanes

Design

4 Mechanical Design

5 Experimental 
Results

Trailing edge

6 Conclusions
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AFC Stator with
Mach Number Distribution around Trailing Edge at Mid-Span

3D CFD Simulations

AFC Stator with 
Coanda Surface

Absolute Mach Number

0 Introduction

Separation at trailing edge

1 Test Facility

2 Concept

3 Aerodynamic 
Design

a) Coanda Stator, b) Coanda Stator with AFC,
30 vanes 24 vanes, mfr = 0.0%            

Design

4 Mechanical Design

5 Experimental 
Results

Overturning: further 
potential for reducing 
vane count

Design flow angle
6 Conclusions

c) Coanda Stator with AFC, d) Coanda Stator with AFC,
24 vanes, mfr = 0.5% 24 vanes, mfr = 1.0%
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AFC Stator with

3D CFD Simulations

AFC Stator with 
Coanda Surface Radial Distribution of the Exit Flow Angle

10 Introduction
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6 Conclusions

exit flow angle [°]

 Reduction of Compressor Stages

slide 9 / 18

Guendogdu, Vorreiter, Seume

20 August 2009

p g

N
A

SA
/C

P—
2010-216112

425



AFC Stator with

3D CFD Simulations

AFC Stator with 
Coanda Surface Radial Distribution of Total Pressure Loss Coefficient

0 Introduction
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2 Concept
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5 Experimental 
Results
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Reduction of Losses Higher Efficiency
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AFC Stator with

3D CFD Simulations

AFC Stator with 
Coanda Surface Radial Distribution of the Diffusion Factor
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5 Experimental 
Results
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6 Conclusions

0.28 0.31 0.34 0.37 0.40 0.43 0.46 0.49
diffusion factor [-]

Increased Permissible Aerodynamic Loading 
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AFC Stator with

Design, Manufacture and Integration in Compressor

AFC Stator with 
Coanda Surface

Li f R t 1

Air Supply for Flow Control Stator

0 Introduction

Air
Flow

Liner of Rotor 1
1 Test Facility

2 Concept

3 Aerodynamic Design

4 Mechanical Design

5 Experimental 
Results

6 Conclusions

MainMain
Flow
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AFC Stator with

Design, Manufacture and Integration in Compressor

AFC Stator with 
Coanda Surface FEM-Modal Analysis of Coanda Stator

0 Introduction

1 Test Facility

2 Concept

3 Aerodynamic Design

4 Mechanical Design

5 Experimental 
Results

6 Conclusions
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AFC Stator with

Design, Manufacture and Integration in Compressor

AFC Stator with 
Coanda Surface Iterative Design of Plenum in Coanda Stator

EintrittEintrittInlet
0 Introduction

1 Test Facility

2 Concept

3 Aerodynamic Design

A
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t4 Mechanical Design

5 Experimental 
Results

6 Conclusions

Aerodynamics: loss-minimized flow in plenum of Coanda stator
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AFC Stator with C d St t

Design, Manufacture and Integration in Compressor

AFC Stator with 
Coanda Surface

Coanda Stator

0 Introduction

1 Test Facility

2 Concept

3 Aerodynamic Design

4 Mechanical Design

5 Experimental 
Results

6 Conclusions

• Two parts: vane body and covero pa ts a e body a d co e

• Laser welded: low warpage; durable and leak-proof

• Seamless surface: finish after welding
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AFC Stator with

Design, Manufacture and Integration in Compressor

AFC Stator with 
Coanda Surface Coanda Stator in First Stage of Compressor

0 Introduction

1 Test Facility

2 Concept

3 Aerodynamic Design

4 Mechanical Design

5 Experimental 
Results

6 Conclusions

No change of geometry except for Coanda Stator
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AFC Stator with

Experimental Results

AFC Stator with 
Coanda Surface

0 Introduction

Radial Distribution of the Exit Flow Angle

1 Test Facility

2 Concept

3 Aerodynamic Design
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AFC Stator with

Conclusions

AFC Stator with 
Coanda Surface

 Turning of the Coanda-surface augmented by blowing 

 Hi h t ti
0 Introduction

 Higher stage pressure ratio

 0.5% of Compressor Inlet Mass Flow are sufficient to reduce

1 Test Facility

2 Concept

3 Aerodynamic Design
 0.5% of Compressor Inlet Mass Flow are sufficient to reduce 

vane count by 20%

 Reduced number of stages, reduced weight, 
lower investment cost possible

4 Mechanical Design

5 Experimental 
Results

6 Conclusions p

 Aerodynamic performance confirmed for aerodynamic 
design pointdesign point
 Increased Permissible Aerodynamic Loading by 13%
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