AR
W Durham

University
Durham E-Theses

The aerodynamics of curved jets and breakaway in
Coanda flares

Peter Senior

How to cite:

Senior, Peter (1991) The aerodynamics of curved jets and breakaway in Coanda flares. Doctoral thesis,
Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a https://etheses.durham.ac.uk/id/eprint/6199/ is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
https://etheses.durham.ac.uk


https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/6199/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk

The Aerodynamics of Curved Jets
and Breakaway in Coanda Flares

Volume 2 of 2

Peter Senior

The copyright of this thesis rests with the author.
No quotation from it should be published without
his prior written consent and information derived

from it should be acknowledged.

University of Durham
School of Engineering and Applied Science

Thesis submitted AD 1991 for
the Degree of Doctor of Philosophy

1 0rEB 199



List of Figures

Figure 1.1 Coanda Flare Variants

Figure 2.1 Coanda Flare Flowfield Schematic
Figure 2.2 Shock-Boundary Layer Interactions

Figure 4.1 Method of Characteristics Unit Processes

Figure 4.2 Expansion Corner MoC Unit Process

Figure 4.3  Shocked MoC Unit Process

Figure 4.4 Edge Shock Reflection MoC Unit Processes
Figure 4.5  Boundary Layer Marching Test Case

Figure 4.6 Comparison of MoC with Boundary Layer Method

Figure 5.1 Mechanical Rig Suspension
Figure 5.2 Mechanical Rig Leg Tube
Figure 5.3 Planar Flare Model

Figure 5.4  Axisymmetric Flare Model
Figure 5.5 Axisymmetric Flare Support
Figure 5.6 Air Supply Layout

Figure 6.1 Optical Apparatus Planar Build

Figure 6.2 Optical Apparatus Axisymmetric Build

Figure 6.3 Flare Model Surface Flow Visualisation Photography Layout
Figure 6.4  Manometer Tube Photography

Figure 7.1.1 Planar Coanda Model Breakaway Behaviour

Figure 7.1.2 Planar Coanda Model Reversion Behaviour

Figure 7.1.3 Planar Coanda Model Partial Reversion Behaviour
Figure 7.1.4 Planar Coanda Model Breakaway/Reversion Behaviour
Figure 7.1.5 Interferometry Fringe Pattern — Choking

Figure 7.1.6 Interferometry Density Contours — Choking

Figure 7.1.7 Interferometry Pressure Contours — Choking

Figure 7.1.8 Interferometry Mach Number Contours — Choking
Figure 7.1.9 Interferometry Density Contours - Underexpanding
Figure 7.1.10 Interferometry Pressure Contours — Underexpanding
Figure 7.1.11 Interferometry Mach Number Contours - Underexpanding



Figure 7.1.12
Figure 7.1.13
Figure 7.1.14
Figure 7.1.15
Figure 7.1.16
Figure 7.1.17
Figure 7.1.18
Figure 7.1.19
Figure 7.1.20
Figure 7.1.21
Figure 7.1.22
Figure 7.1.23
Figure 7.1.24
Figure 7.1.25
Figure 7.1.26
Figure 7.1.27
Figure 7.1.28
Figﬁre 7.1.29
Figure 7.1.30

Figure 7.1.31

7.2.1
7.2.2
7.2.3
7.2.4

Figure
Figure
Figure
Figure

Planar Coanda Model Experimental Surface Pressures:
Slot 2.00 mm, Step 0.00 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 2.00 mm, Step 0.75mm

Planar Coanda Model Experimental Surface Pressures:
Slot 2.00 mm, Step 1.50 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 2.00 mm, Step 1.50 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 4.00 mm, Step 0.00 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 4.00 mm, Step 0.75mm

Planar Coanda Model Experimental Surface Pressures:
Slot 4.00 mm, Step 1.50 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 4.00 mm, Step 1.50 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 4.00 mm, Step 2.55mm

Planar Coanda Model Experimental Surface Pressures:
Slot 4.00 mm, Step 3.76 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 4.00 mm, Step 3.76 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 6.00 mm, Step 0.00 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 6.00 mm, Step 0.75mm

Planar Coanda Model Experimental Surface Pressures:
Slot 6.00 mm, Step 1.50 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 6.00 mm, Step 3.75mm

Planar Coanda Model Experimental Surface Pressures:
Slot 8.00 mm, Step 0.00 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 8.00 mm, Step 0.75 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 8.00 mm, Step 1.50 mm

Planar Coanda Model Experimental Surface Pressures:
Slot 8.00 mm, Step 3.75mm

Planar Flare Model Endwall Flow

Planar Coanda Model Base Pressures: Slot 2.00 mm
Planar Coanda Model Base Pressures: Slot 4.00 mm
Planar Coanda Model Base Pressures: Slot 6.00 mm
Planar Coanda Model Base Pressures: Slot 8.00 mm

i



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

7.2.5

7.2.6

7.2.7

7.2.8

7.2.9

7.2.10
7211
7.2.12
7.2.13
7.2.14
7.2.15
7.2.16
7.2.17
7.2.18
7.2.19
7.2.20
7.2.21
7.2.22
7.2.23
7.2.24
7.2.25
7.2.26

1.2.27

Planar Coanda Model Method of Characteristics
Slot 2.00mm, Step 0.00mm, Cp, = 0.243

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 0.00mm, Cp, = 0.324

Planar Coanda Model Method of Characteristics
Slot 6.00mm, Step 0.00mm, Cpo = 0.366

Planar Coanda Model Method of Characteristics
Slot 8.00mm, Step 0.00mm, Cpo = 0.425

Planar Coanda Model Method of Characteristics
Slot 2.00 mm, Step 0.00 mm, Cpo = 0.243

Planar Coanda Model Method of Characteristics
Slot 2.00 mm, Step 0.00 mm, Cpo = 0.176

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 0.00mm, Cpo = 0.324

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 0.00mm, Cp, = 0.256

Planar Coanda Model Method of Characteristics
Slot 6.00 mm, Step 0.00mm, Cpo = 0.366

Planar Coanda Model Method of Characteristics
Slot 6.00 mm, Step 0.00mm, Cpo = 0.330

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 1.50 mm, Cpo = 0.331

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 1.50 mm, Cpo = 0.331

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 1.50mm, Cpo = 0.331

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 1.50 mm, Cpo = 0.212

Planar Coanda Model Method of Characteristics
Slot 2.00 mm, Step 0.00mm, Cp, = 0.258

Planar Coanda Model Method of Characteristics
Slot 2.00 mm, Step 0.00 mm, Cpo = 0.243

Planar Coanda Model Method of Characteristics
Slot 2.00mm, Step 0.00mm, Cp, = 0.176

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 0.00 mm, Cpo = 0.355

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 0.00mm, Cp, = 0.324

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 0.00mm, Cpo = 0.324

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 0.00 mm, Cpo = 0.277

Planar Coanda Model Method of Characteristics
Slot 4.00 mm, Step 0.00mm, Cjp, = 0.256

Planar Coanda Model Method of Characteristics
Slot 6.00mm, Step 0.00mm, Cp, = 0.366

11

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot;

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:



Figure 8.2.1
Figure 8.2.2
Figure 8.2.3
Figure 8.2.4

Figure 8.2.5
Figure 8.2.6
Figure 8.2.7
Figure 8.2.8
Figure 8.2.9
Figure 8.2.10
Figure 8.2.11
Figure 8.2.12
Figure 8.2.13
Figure 8.2.14
Figure 8.2.15
Figure 8.2.16
Figure 8.2.17
Figure 8.2.18
Figure 8.2.19
Figure 8.2.20
Figure 8.2.21
Figure 8.2.22
Figure 8.2.23

Figure 8.2.24

Axisymmetric Coanda Model Base Pressures: Slot 1.67 mm
Axisymmetric Coanda Model Base Pressures: Slot 2.54 mm
Axisymmetric Coanda Model Base Pressures: Slot 3.33 mm
Axisymmetric Coanda Model Base Pressures: Slot 5.00 mm

Axisymmetric Coanda Model Method of Characteristics
Slot 3.33.00mm, Step 0.00 mm, Cpo =0.174
Axisymmetric Coanda Model Method of Characteristics
Slot 1.67.00mm, Step 0.00mm, Cpo = 0.202
Axisymmetric Coanda Model Method of Characteristics
Slot 1.67.00 mm, Step 0.00 mm, Cpo = 0.124
Axisymmetric Coanda Model Method of Characteristics
Slot 3.33.00mm, Step 0.00mm, Cpo = 0.265
Axisymmetric Coanda Model Method of Characteristics
Slot 3.33.00mm, Step 0.00mm, Cpo = 0.265
Axisymmetric Coanda Model Method of Characteristics
Slot 3.33.00mm, Step 0.00 mm, Cpo = 0.233
Axisymmetric Coanda Model Method of Characteristics
Slot 3.33.00mm, Step 0.00mm, Cp, = 0.174
Axisymmetric Coanda Model Method of Characteristics
Slot 5.00.00 mm, Step 0.00mm, Cpo = 0.225
Axisymmetric Coanda Model Method of Characteristics
Slot 2.54.00 mm, Step 1.25mm, Cpo = 0.163
Axisymmetric Coanda Model Method of Characteristics
Slot 2.54.00mm, Step 1.25mm, Cp, = 0.125
Axisymmetric Coanda Model Method of Characteristics
Slot 1.67.00 mm, Step 0.00mm, Cpo = 0.202
Axisymmetric Coanda Model Method of Characteristics
Slot 1.67.00mm, Step 0.00mm, Cpo = 0.124
Axisymmetric Coanda Model Method of Characteristics
Slot 3.33.00mm, Step 0.00 mm, Cpo = 0.233
Axisymmetric Coanda Model Method of Characteristics
Slot 3.33.00mm, Step 0.00mm, Cpo = 0.174
Axisymmetric Coanda Model Method of Characteristics
Slot 5.00.00mm, Step 0.00mm, Cpo = 0.314
Axisymmetric Coanda Model Method of Characteristics
Slot 5.00.00 mm, Step 0.00 mm, Cpo = 0.225
Axisymmetric Coanda Model Method of Characteristics
Slot 2.54.00 mm, Step 1.25mm, Cpo = 0.125
Axisymmetric Coanda Model Method of Characteristics
Slot 2.54.00mm, Step 1.25mm, Cpo = 0.125
Axisymmetric Coanda Model Method of Characteristics
Slot 6.65.00mm, Step 0.55mm, Cpo = 0.252
Axisymmetric Coanda Model Method of Characteristics
Slot 6.65.00mm, Step 3.60mm, Cp, = 0.184

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:

Plot:



List of Plates

Plate 1a  Planar Coanda Model Shadowgraph:
Slot 2.00 mm, Step 0.00 mm, Cpo = 0.176

Plate 1b  Planar Coanda Model Shadowgraph:
Slot 2.00 mm, Step 1.50 mm, Cpo =0.124

Plate 2a  Planar Coanda Model Interferometry Fringes:
Slot 4.00mm, Step 0.00mm, Cp, = 0.000

Plate 2b  Planar Coanda Model Interferometry Fringes:
Slot 4.00 mm, Step 0.00mm, Cpo = 0.488

Plate 3a  Planar Coanda Model Shadowgraph:
Slot 4.00mm, Step 0.00mm, Cpo = 0.325

Plate 3b  Planar Coanda Model Spark Schlieren: Vertical Knife Edge
Slot 4.00mm, Step 0.00 mm, Cpo = 0.256

Plate 4a Planar Coanda Model Surface Flow Visualisation:
Slot 4.00 mm, Step 0.00 mm, Cpo = 0.324

Plate 4b  Planar Coanda Model Surface Flow Visualisation:
Slot 4.00 mm, Step 0.00 mm, Cpo = 0.256

Plate 5a  Planar Coanda Model Interferometry Fringes:
Slot 4.00 mm, Step 0.00 mm, Cpo = 0.312

Plate 5b  Planar Coanda Model Interferometry Fringes:
Slot 4.00 mm, Step 1.50mm, Cp, = 0.331

Plate 6a Planar Coanda Model Surface Flow Visualisation:
Slot 4.00mm, Step 1.50mm, Cp, = 0.331

Plate 6b  Planar Coanda Model Surface Flow Visualisation:
Slot 4.00 mm, Step 1.50 mm, Cpo = 0.256

Plate 7a  Planar Coanda Model Schlieren: Horizontal Knife Edge
Slot 4.00 mm, Step 1.50mm, Cpo = 0.212

Plate 7b  Planar Coanda Model Schlieren: Vertical Knife Edge
Slot 4.00mm, Step 2.55mm, Cp, = 0.205

Plate 8a  Planar Coanda Model Shadowgraph:
Slot 4.00 mm, Step 3.76 mm, Cp, = 0.228

vi



Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

8b

Oa

9b

10a

10b

11a

11b

12a

12b

13a

13b

14a

14b

15a
15b
16a

16b

17a

17b

Planar Coanda Model Spark Schlieren: Vertical Knife Edge

Slot 4.00 mm,

Step 3.76 mm, Cpo = 0.191

Planar Coanda Model Schlieren: Vertical Knife Edge

Slot 6.00 mm,

Step 1.50mm, Cpo = 0.290

Planar Coanda Model Schlieren: Vertical Knife Edge

Slot 6.00 mm,

Step 3.75mm, Cpo = 0.315

Planar Coanda Model Schlieren: Horizontal Knife Edge

Slot 8.00 mm,

Axisymmetric
Slot 5.00 mm,

Axisymmetric
Slot 1.67 mm,

Axisymmetric
Slot 1.67 mm,

Axisymmetric
Edge
Slot 2.54 mm,

Axisymmetric
Slot 3.33 mm,

Axisymmetric
Slot 2.54 mm,

Axisymmetric
Slot 3.33 mm,

Axisymmetric
Edge
Slot 3.33 mm,

Axisymmetric
Slot 3.33 mm,
Axisymmetric
Slot 3.33 mm,
Axisymmetric
Slot 3.33 mm,
Axisymmetric
Slot 3.33 mm,
Axisymmetric
Slot 3.33 mm,
Axisymmetric
Slot 5.00mm,

Axisymmetric
Slot 5.00mm,

Step 1.49 mm, Cpo - 0-359 )
Coanda Model Schlieren: Horizontal Knife Edge
Step 1.25mm, Cp, = 0.207

Coanda Model Schlieren: Horizontal Knife Edge
Step 0.00mm, Cpo = 0.124

Coanda Model Schlieren: Vertical Knife Edge
Step 1.25mm, Cpo = 0.105

Coanda Model Spark Schlieren: Horizontal Knife

Step 1.25mm, Cpo = 0.125

Coanda Model Schlieren: Horizontal Knife Edge
Step 0.00mm, Cpo = 0.265

Coanda Model Surface Flow Visualisation:
Step 1.25mm, Cpo = 0.125
Coanda Model Surface Flow Visualisation:

Step 0.00mm, Cpo = 0.174
Coanda Model Spark Schlieren: Horizontal Knife

Step 0.00 mm, Cpo =0.174

Coanda Model Schlieren: Vertical Knife Edge
Step 0.00mm, Cpo = 0.243

Coanda Model Surface Flow Visualisation:

Step 1.25mm, Cp, = 0.209

Coanda Model Surface Flow Visualisation:

Step 1.25mm, Cpo = 0.174

Coanda Model Schlieren: Vertical Knife Edge

Step 1.25mm, Cpo = 0.157

Coanda Model Spark Schlieren: Vertical Knife Edge
Step 3.13mm, Cpo = 0.159

Coanda Model Schlieren: Vertical Knife Edge

Step 0.00 mm, Cpo =0.225

Coanda Model Shadowgraph:
Step 3 43 mm, Cp, = 0.222

vil



Plate 18a I8 Coanda Model (Field Tests) Shadowgraph:
Slot 6.65mm, Step 0.55mm, Cpo=0.252

Plate 18b I8 Coanda Model (Field Tests) Shadowgraph:
Slot 6.65mm, Step 3.60mm, Cpo=0.184

Plate 19 I8 Coanda Model (Field Tests) Surface Flow Visualisation:
Slot 6.65 mm, Step 3.60mm, Cp,=0.184

viil



||||||




Wav em

Step Expansion

Fully
Developed
Jet

Lip Expansion

Shock-Edge Interactions

Reattachment
Shocks

Separation
Bubbles

Separation Boundary Layer

Shocks

Backward Facing Step
Recirculation Zone

Step Reattachment
Shock

Free Shear Layer Lip Shocks
(Radial)
Underexpanding

Choked Nozzle

Fiqure 2.1 nda Flare Flowfiel hemati



e

ZAN
—_——— ==

a) Normal, Attached b) Normal, Separated
c) Oblique, Attached d) Oblique, Separated

Figure 2.2. Shock-Boun Layer Interaction



| . j-
?\'\, J 1
N | 2!
E \'\, ' :.\'\‘ 2 J

34 Mo .4 ; >~ .
T : ~o
| P 5 A~ 14
I v =
| 1

1} |
a) Flow Internal b) Attached Inner Edge

c) Separated Inner Edge d) Outer Edge

® Solution Points
o Interpolated Points

Fiqure 4.1. Method of Char ristics Unit Pr



c¢) Computational

Figure 4.2. Expansion

rner Mo

b) Correct Physical

@® MoC Solution Point
® Calculated Fan Point

O Interpolated Point

nit Proce



® MoC Solution Point

O Interpolated Point




1 <-j jH1 <

3 b) Computational

@® MoC Solution Point
® Calculated Solution Point

O Interpolated Point
Fiqure 4.4. Edge Shock Reflection M nit Processe



Dimensionless
Thickness

14

1.2

1.0

0.8

0.6

0.4

- & [UoL 0 /TJB‘L‘ :
4L vO L vO : 2 MaCh
— /{ Number
I)%
~--%-~ Drela & Giles %~ Drela & Giles oy
]
]
)
+ Schlichting %+ Schlichting E
5
% 2.0
A,
)
1
[}
i
)
[}
1
' M
:
i 1.6
)
[ ]
(]
Turbulent
Transttion
predicted 1.2
E; 0.8
f Tollmein-Schilichting
o Wave Amplification
/)
0.5 1.0 1.5 2.0 2.5 3.0
x/L
Figure 4.5. Boundary Layer Marching T



0.6 -
(Experimental Data used for MoC,
Uees from MoC used for Boundary Layer)
&* [mm] )
05
Method of Characteristics
0.4 /
J
0.3 / /M M\@
// R 4
5
0.2
v Boundary Layer
0.1 J //;
PO o PV
0.0
0 10 20 30
Surface Angle [°]

with Boun

La

r Metho



Riser Tube

Wall Strut

Kr\

Figure 5.1. Mechanical Rig Suspension

-



_h_

e

i W Baseplate

M12 Rod

Rubber Bush
71N
IZINN 7
iallig)”
%

i 4

Damping Piston AN

Section on AA

[ ]

==

//////////////////@

i | [ ‘—[—I"T"Iﬁ"

|
]
i
s

Figure 5.2. Mechanical Rig Leq Tube



m /////// SEENNN\




Locking Collar

Cone V

\V'_'%"_

Tulip Bowl

~
|
!
1
|
|
|
|
|
|
|
|
|
|

' Step Shaft
5 \_\ |
Lip Tube |

Locknut

.

|
|
|
|
|
!
!
|
|
|
|
|

Main Tube ———

s

\ — Spider

NN

Figure 5.4. Axisymmetri¢c Flare Mode|



Corner

Centering
Bush

N

| P

Strut

Sidewall

NN

ANANRNY

ad - PAArAEP PG Ad

P MM

r e A

!
1
!
!
!
!
v /,!
s S s T :
y / 7/ .
O Vs ./.- di
s S s |
ey i
AN A
o |/ 7 7 i
s/ i
./ End wall,/ L
ol .7/ / ’ :
o1 .- - 4
A
7 A
7 VA4
/ .'/. .'/'
/ / .
a; /x’
7 / -
AR
7 7 7
—O - / }

P\

e

[

£

Steel Frame

window

Riser Tube

277K

Figure 5.5. Axisymmetric Flare Support



Spark
Source

% Splitter Lens L3 “W
/ /./ /Flare B2
/7

Camera
and Bellows

~~~a. Modifications for
Schlieren and
— Shadowgraphy

”- Mirror M1

Fiqure 6.1. tical Apparatus Planar Buil



Lengthening
Strut

Camera

Spark
and Bellows

Source

Lens L1




Planar Coanda Model
(Axisymmetric Model
similarly lit)

Perspex

/ Window
P

Tungsten
Source
TN Front
View
s .
= UV Source
e
11 : \
A \
\ UV Mirror
Side E
View
e
.~/ Imaging
g Mirror
Bottom
View

Fiqure 6.3. Flare Model Surface Flow Visulation

Photography Layout




Direct Reflection
of Flash

Flashgun

~———

- Camera

Manometer Banks

Plan View

Direct Reflection
of Flash

Elevation

Figure 6.4. Manometer Tube Photography



Pressure Ratio

[Po/Patm]
95 — .
0.0 E?:a === & Gilchrist (1985)
% )
® — © 0.00mm Step
8.5 t~%
VY e S
\ 0.75mm Step
3
80
L Y it - 4 1.50mm Step
o\ §
751 \2 ~pe 3 2.55mm Step
<
%g \ % it =B 3.75mm Step
7.0 [ A
. \}
. A3 wwwste & 4.42mm Step 1

Figure 7.1.1.

lanar nda M

Breakaway Behaviour

Slot [mm]




Pressure Ratio

[Po/Patm]
10 — o
===t & Qilchrist (1985)
—— © 0.00mm Step
S VA -~ & 0.75mm Step
8«
s,fi ------ r- A 1.50mm Step
!
KX\X ....... - © 2.55mm Step
X \
VY SRLIL D - B 3.75mm Step
N\
. N st & 442mm Step ]

2.0

Figure 7.1.2.

4.0

lanar nda M
Reversion Behaviour

6.0

8.0

Slot [mm]



Pressure Ratio
[Po/Patm]

4.00 mm Slot

O Breakaway

& Partial Reversion

© Reversion

8

b3

mm Sl

Breakaway

Reversion

% Partial Reversion

-

— T T T

e

-

M’z“““ ‘‘‘‘‘ 8
e
w"rﬁ/
/ //aw“’“"m“\“
4
A/
f‘s‘
.-i\;'f/
2'00. 9.101L 2.0 . ‘l..40
0. ' ' 3.0 "~ Step [mm)
Fiqure 7.1.3.
Planar Coanda Model
ial Reversion Behavi



Pressure Ratio

2.00 mm Slot

O Breakaway

8.00mm Slot

¥ Breakaway
[Po/Patm]
O Reversion # Reversion
10 — —
/a" 0
/" o
8 < o
8
I /
i /
44
B
[ B ey MW - ]
S T———
2 F\\\ s ot S W\%\\
-
r P
0 0 . - A A 1 0 A i 3 0 L § — Y
0. . 2.0 .
Step [mm]
Figure 7.1.4.

Planar Coanda Model

Breakaway/Reversion Behaviour



45 +

mm radtal
8
I

%%

40 + = _%//”

. - _—\/ TERFEROMETRY PI QT
35 + FLOW FRINGES
Slot = 4.00 mm Step = 0.00 mm
Slot/Radius Ratio = 0.133
29

P,./P, = 0.488 T = 292.1K
atm (-] (-]

/'° P." = 1.010 Bar T.z- = 290.3 K
) L
*‘
_—-—\
A —

25 +

. , , pm axla%>
1 Lf ¥ T

25 30 35 40 45

Figure 7.1.5 Interferometry Fringe Pattern --
Choking Conditions ‘



45 1

mm radtal

40 +

DENSITY CONTOURS

Slot = 4.00 mm Step = 0.00 mm
Slot/Radius Ratlo = 0.13
= 2

P"_/P° = 0.488 T° 92.1 K
P = 1.010 Bar T = 290.3K
ate atm

CONTQUR KEY

1 - 1,177

2 - 1,195 10 - 1.335 18 - 1.555

3 - 1,212 11 - 1,353 19 - 1,652

4 - 1,230 12 - 1,370 20 - 1,749

5 - 1,247 13 - 1.388 21 - 1,846

6 - 1,265 14 - 1,405 22 - 1,942

7 - 1,282 15 - 1.423 23 - 2.039

8 - 1.300 16 - 1.440 24 - 2.136

73 9 - 1.318 ) 17 - 1,458 25 - 2.233

i ‘ 1 . . pm axial
T T T T T ~
25 30 35 40 45

Figure 7.1.6 Interferometry Density Contours --



A
®
T
@
bag
45 + £
40 +
PRESSURE CONTOURS
Slot = 4,00 mm Step = 0.00 mm
Slot/Radius Ratio = 0.13
P“_/Po = 0. 488 To = 292.1 K
35 1 P“. = 1.010 Bar Tm. = 290.3K
1 - 0.726
30 4+ 2 - 0.744 10 - 0.886 18 - 1.109
3 - 0.761 11 - 0.903 19 1. 207
4 - 0,779 12 - 0.921 20 - 1.306
S - 0.797 13 - 0.939 21 1. 405
6 - 0.815 14 - 0.957 22 - 1.503
7 - 0.832 1S - 0.974 23 - 1.602
8 - 0.850 16 - 0.992 24 1. 700
25 + * 9 - 0.88 .17 - 1,010 25 - 1,799
[ L 1 ——] Inm ax'ag
25 30 35 40 45

Fi r'7.1.7 Interferom Pr r ntours --

hokin

ndition



mm radial

45 1
40 4
MACH NUMBER CONTOURS A
Slot = 4.00 mm Step 0.00 mm
Slot/Radius Ratio = (.13
2 P./P = 0.488 T = 292.1K
atm -] o
35 1 P.= 1.010Bar T _ = 290.3K
'I 3 =] 9(sonic) T KEY.
1 - 0.000
30 + (sore) 5 2 - 0.150 10 - 1.021 18 = 1.186
/ 3 - 0.300 1 1. 041 19 - 1.206
? 4 - 0.450 12 1.062 20 - 1,227
. S - 0.600 13 1.083 21 - 1.248
6 - 0.700 14 1,103 22 - 1.268
,_5_/‘— 7 - 0.800 15 1,124 23 - 1,289
8 - 0.900 16 - 1,146 24 - 1.309
o5 | 9 1.000 . 17 1.165 25 1.330
L i L [} fnm ax'as
25 30 35 40 45

Figure 7.1.8 Interferometry Mach Number Contours --

Choking Conditions



45 -

1o 12 )2

mm radfal

M
DENSITY CONTOURS
Slot = 4.00 mm Step = 0.00 mm
Slot/Radius Retto = 0,133
P./P, = 0.312 T, = 2924 K
Pow = 1.010 Ber Too= 290.3K
CONTQUR KFY
1 - 0.615
2 - 0.689 10 1.279 18 - 2.438
3- 0.762 11 1.352 19 - 2.625
4 - 0.836 12 1. 426 20 - 2.813
S- 0.910 13 1.500 21 - 3.000
6 - 0.984 14 1. 688 22 - 3.237
? - 1.057 15 1.875 23 - 3,475
8 - 1,131 16 2.063 24 - 3.713
9 - 1,205 17 2.250 25 - 3.950
24
1 ‘ 1 . \ mm exlal
25 30 35 40 45

Figure 7.1.9 Interferometry Density Contours --
Underexpanding Conditions

e e




E
® T
55l o«
£
£
40 + N TERFERQMETRY PLOT
PRESSURE CONTOURS
Slot = 4.00 mm Step = 0.00 mm
Slot/Redius Retlo = 0,133
P/P = 0.312 T = 292.4K
ot -] ]
P = 1.010Ber T = 290.3K
CONTOUR KEY
1 - 0.247
2 - 0.323 10 0. 934 18 - 1,889
3 - 0.400 1 1.010 19 - 2.026
4 - 0,476 12 1.137 20 - 2.153
S - 0.552 13 1.264 21 - 2.280
6 - 0.628 14 1. 391 22 - 2.522
7 - 0.705 15 1.518 23 - 2.765
8 - 0.781 16 1. 645 24 - 3.007
9 - 0.857 17 1.772 25 - 3.250
24
: : = : o exlel
25 30 35 40 45

Figure 7.1.10 Interferometry Pressure Contours --

Underexpanding Conditions




A =
S
]
554 ¢
€
£
40+ FERQME’
20 COANDA INTERFERGOMETRY PLOT
MACH NUMBER CONTOURS =
Slot = 4.00 mm Step = 0.00 mm
Slot/Radius Ratio = 0,133
P./P = 0.312 T = 292.4K
351 P“_ = 1.010 Ber T“_ = 290.3 K
IRes CONTQUR KEY
1 0. 200
20 4+ 2 0. 400 10 1. 300 18 - 1.860
T 3 0. 600 1" 1. 370 19 - 1.930
4 0. 700 12 1. 440 20 - 2.000
S 0. 800 13 1.510 21 - 2.070
6 0. 900 14 1.580 22 - 2.140
? 1. 000 15 1. 650 23 - 2.210
8 1. 100 16 1.7220 24 - 2.280
a5 1 9 - 1,200 17 - 1.790 25 - 2.350
2
1
| 4 : = mn extel
25 30 35 40 45

Figure 7.1.11 Interferometry Mach Number Contours --

nderex

ndin

ondition



Cp 02— —r— —r— —r—r—r— ———

0.1 F
i (a) Cpo=0.331 ]

(c)Cpo=0.176 ]
1

\Pq/*/‘/'l o ]
e :
(d) Cpo = 0.168
fspirpfepepgasporfft ettt -+t
Jet Breakaway |
0 20 40 60 80 100 120 140

Coanda Angle(°)

Figure 7.1.12. Planar Coanda Model
Experimental Surface Pressures

Slot = 2.00 mm; Step = 0.00 mm



0.2 — T T T T T ]

cp T }
0.1

L l/‘ S (a) Cpo =0.325

FU |

02 _
JA (b) Cpo = 0.215 4

[\ | (c) Cpo = 0.144
. ' 1
0 R -

(d) Cpo =0.137

i S UR T TO O SO 1 L 1 L L | —
LS T8t T LS L 4 T Ll T

Jet Breakaway -

60 80 100 120 140
Coanda Angle(°)

Figure 7.1.13. Planar Coanda Model
Experimental Surface Pressures

Slot =2.00 mm; Step =0.75 mm



Cp0_2...f.. —r —r—r—rTrY

0.1

0.0: /r(i -1'-

-0.2

E[‘ (b) Cpo = 0.193 ]

L

0 20 40 60 80 100 120 140
Coanda Angle(°)

Figure 7. 1.14. Planar Coanda Model
Experimental Surface Pressures

Slot = 2.00 mm; Step =1.50 mm




0.2 v .
Cp -
i
0.1
(c) Cpo=0.138
0.0.4- A‘; :
-0.1 \LH'NN
-0.2
(d) Cpo =0.124 |
]
0 F /: .
e L
(e) Cpo = 0.119
0.' lllll.f;:::::'::;+ +:"+ + +"I"
Jet breakaway
: !
0 20 40 60 80 100 120 140
Coanda Angle(°)
Figure 7. 1.15.

Planar Coanda Model
Experimental Surface Pressures

Slot = 2.00 mm; Step =1.50 mm



Cp

0.2 [ —rT

0.1 [ |
! (a) Cpo = 0.496 ]

0.0 //l =t

01 /

-0.2 “fj V XK (b) Cpo = 0.324

—
L
T
N
N

¥ ]
(c) Cpo = 0.256 |

A

++H‘++f"(f (d) Cpo = 0.250 1

WW “+ —.; L
Jet breakaway ]

9 /k’
| ¥
i

0 20 40 60 80 100 120 140
Coanda Angle(°)

Figure 7. 1.16,
Planar Coanda Model
Experimental Surf Pressur
Slot = 4.00 mm; Step = 0.00 mm



0.2

T T 3 T 1 N D S ™7

@ Cpoi- 0.496 |

j

/1

(c) Cpo = 0.220

(d) Cpo = 0.213
1

i S| i L

g2ty 4 2 4 Lol ol
rrer T ey ! L T

Jet breakaway

A ke, A L " ' " Bl 2 A .

40 60 80 100 120 140

Coanda Angle(°)

Planar Coanda Model
Experimental Surface Pr r
Slot = 4.00 mm; Step =0.75 mm



Cp

0.2

0.1

() Cpo = 0.498 |
/
(b) Cpo = 0.331
X, £
p
(c) Cpo = 0.285

0 20

40

60 80 100 120 140
Coanda Angle(°)

Planar Coanda Model
Experimental Surface Pressures

Slot = 4.00 mm; Step =1.50 mm



P —

Cp
0.1 -
: (d) Cpo = 0.248
o.o. 1} SaEman
E / / ]
-0.1 L/l j/ .

-0.2 - -
A X[ (e) Cpo = 0.212
A

(f) Cpo = 0.203 |

2 2 2 2
T N R

Jet breakaway

0 20 40 60 80 100 120 140

Coanda Angle(°)

Planar nda Model
Experimental Surf Pressure

Slot = 4.00 mm; Step =1.50 mm



(a) Cpo = 0.232 ]

0.0

rG

-0.2 S[

(b) Cpo = 0.205 |

(c) Cpo =0.232 ]

A

A .
| NN

ter Jet reversion 4

1

PR 1 A

1

m

0 20 40 60 80 100 120

Figure 7.1.20. Planar Coanda Model
Experimental Surface Pressures

140

Coanda Angle(°)

Slot = 4.00 mm; Step =2.55mm



0.2
Cp

0.1
(@) Cpo = 0.498 -

01 1 -

-0.2 i ?l )
'.—"H"i-H» (b) Cpo = 0.320 ]

(c) Cpo=10.270 ]

0 /;4-—*—

0 20 40 60 80 100 120 140

Coanda Angle(°)

Figure 7.1.21, Plnr:nM |

Experimental Surface Pressures
Slot = 4.00 mm; Step =3.76 mm



Cp

01

-0.1

-0.2 ]

0.0

T

A

(e) Cpo =0.191 :

(f)y Cpo = 0.212 ]

¥ +=r===v+i’=r“
/A’f after Jet reversion |
A e ]

(g) Cpo = 0.188 1

llllll F U T o [T SO i L J S |

T1 L B L L ren 1 T T T T
i Jet breakaway |

0 20 40 60 80 100 120 140

Coanda Angle(°)

Figure 7.1.22.
Planar Coanda Model

Experimental Surface Pressures
Slot = 4.00 mm; Step =3.76 mm



(a) Cpo = 0.406 |

(b) Cpo = 0.366 1

/ (c) Cpo = 0.330 i

b b\

80 100 120 140

Coanda Angle(°)

Figure 7.1.23.
Planar Coanda Model
Experimental Surface Pressur

Slot = 6.00 mm; Step =0.00 mm



(@) Cpo = 0.409

+ 1
J\\‘\ \/ (b) Cpo = 0.341 :
a4t ]
/ B

/1
et ]

I\

M i P

60 80 100 120 140

Coanda Angle(°)

Planar Coanda Model

Experimental Surface Pr r
Slot = 6.00 mm; Step =0.75 mm



Cp

0.1

(a) Cpo E= 0.403 ]

-
FE—
Y

g

2Ll

(b) Cpo

=0.354 ]

(¢) Cpo

=0.316

1

Ak,

20

40

60 80 100

120

140

Coanda Angle(°)
Planar Coanda Model

Experimental Surf

Pressur

Slot = 6.00 mm; Step = 1.50 mm



0.1 ——F—7—+—r—+—7—rT+—r—T——r—r
Cp

(a) Cpo = 0.399 |

-0.1

Al

02 ¥ \ .
; ]’ (b) Cpo = 0.315 |

{(c) Cpo =0.262 1

. \/j [ *

J

[ ]

.. S - A 2. A A i e 2 - A, e A 2 3 ﬁ
0 20 40 60 80 100 120 140

Coanda Angle(°)

Figure 7.1.26. | : i M
Experimental Surface Pressures

Slot = 6.00 mm; Step =3.75 mm



Cp

02—

i Ve
RENINNY AN
S VTN ]
R RNV
NIRRTV
WA A [ A

S M S i T Ld A

Figure 7.1.27,

40

60 80 100 120 140
Coanda Angle(°)

Planar Coanda Model
Experimental Surface Pressures

Slot = 8.00 mm; Step = 0.00 mm



'' . g =17

P '

Coanda Angle(°)

Planar Coanda Model
Experimental Surface Pressures

Slot = 8.00 mm; Step =0.75 mm

Eigure 7.1.28.




Cp

T

(a) Cpo = 0.493

—

(d) Cpo = 0.354

L
0 N 'rA_‘—P’—!q‘ll—rlllilﬁ'T N gile niie B
5

N
-

Jet breakaway

1 Y
LR

™r=rr

]

0 20 40 60 80 100 120 140
Coanda Angle(°)
Figure 7.1.29.

Planar Coanda Model

Experimental Surface Pressures
Slot = 8.00 mm; Step = 1.50 mm



Cp

01—

i

i
b AT /
RNRIEE
| fm \/ pd
A /
N

‘0 20 40 60 80 100 120 140
Coanda Angle(°)
Figure 7.1.30.
Planar Coanda Model
Experimental Surface Pressures

Slot = 8.00 mm; Step = 3.75 mm



Fiqure 7.1. 31. Planar Flare Model Endwall Flow




Base Pressure

[Pa]
L ——t — v v
—=e—— Experiment 0.75 mm Step
1.2e+5 —
===o-=* Tanner Model 0.75 mm Step
—&— Experiment 1.50 mm Step J
i ===#==" Tanner Model 1.50 mm Step ]
1.0e+5
]
8.0e+4
4
1
h
6.0e+4
[
4.0e+4
2.0e4 —MMm——"— el —
0.1 0.2 0.3 0.4
Figure 7.2.1. Pa/Po

Planar nda M |
Base Pressures: 2.00 mm Slo



Base Pressure

[Pa] ———— — ——r
—o— Experiment 0.75mm Step 4
1.2e+5 ----0--+  Tanner Model 0.75mm Step
—&— Experiment 1.50mm Step
===#-=" Tanner Model 1.50mm Step 1
—®— Experiment 2.55 mm Step
1.0e+5 B
===O--* Tanner Model 2.55 mm Step
—e— Experiment 3.75 mm Step
%\ ===¢-=* Tanner Model 3.75 mm Step
8.0e+4
L
| ]
6.0e+4 /
1
]
4.0e+4
- 4
r L
)
2.0e+4 . —t ——t- R
0.1 0.2 0.3 0.4
: Pa/Po
Figure 7.2.2.

Planar Coanda Model

P

r

- 400 mm Sl

0.5



Base Pressure

[Pa] —r — —r
L —— Experiment 0.75 mm Step
1.2e+5 |
===0-=  Tanner Model 0.75 mm Step
—&— Experiment 1.50 mm Step 1
L -=-&-- Tanner Model 1.50 mm Step 1
1.0645 —®— Experiment 3.75 mm Step
-=-1---  Tanner Model 3.75 mm Step J
8.0e+4
r L
6.0e+4
A
4.0e+4
D~
- =
2.0e+4 *
0.2 0.3 0.4
Figure 7.2.3. Pa/Po
Planar nda M
Base Pressures: 6.00 mm Slo

0.5



Base Pressure

[Pa] ——————— — —
I 1
——e— Experiment 0.75 mm Step
1.2e45 '
* -=-0--- Tanner Model 0.75 mm Step
{ —&—— Experiment 1.50 mm Step
|
-=-#&--- Tanner Model 1.50 mm Step
L
.
1.0645 —®&—— Experiment 3.75mm Step ‘
i ===-=-  Tanner Model 3.75 mm Step J
[
8.0e+4
[
4
6.0e+4
4.0e+4
2.0e+4
0.2 0.3
Figure 7.2.4. Pa/Po

Planar Coanda Model
Pr : 8.00 mm Sl



30°

Figure 7.2.5.

Planar Coanda Model
Method of Characteristics Plot

Attached Jet; Shock Fitting

Slot= 200 mm Step= 0.00 mm
Patm/Po = 0.243

10



20

10

10

Figure 7.2.6.

Planar Coanda Model
f Characteristi

Metho

P!

=
£
o
o
o
]
Q.
Q
)
E
o E
co
=0
<
5.
25
NN

=0.324

Patm/Po



40 —

30 —

20 —

Fiqure 7.2.7.

Planar Coanda Model

Method of Characteristics Plo
Shock Fitting

Slot = 6.00 mm Step = 0.00 mm
Patm/Po = 0.366

20



20 —
10 —
0 R
] T
0 10
Figure 7.2.8.  Planar Coanda Model

Method of Characteristics Plot
Shock Fitting

Slot= 8.00 mm Step= 0.00 mm
Patm/Po = 0.425



o
o
(of]

10

10

|

haracteristics Plo

oanda Mo

Planar

Figqure 7.2.9.

Method of

[72]

(0]

—

3
[72]
[7]
[«
| -

o
=
(6]
© £

©
5 O

wn e

mo
=il
mp

[}

.nt
50
S o

w e <
- = N
o E g
c o

=0 |

Ca ©

a

LR

28 %

nwvwao



20 —

10 —

0 10
Fl ure 7210 Planargzganga MQQQI

Method of Characteristics Plot

Shock Fitting; Experimental Surface Pressures
Slot= 2.00 mm Step = 0.00 mm
Patm/Po = 0.176



10 —

Fiqure 7.2.11.

Planar Coanda Model
Method of Characteristics Plot
Shock Fitting; Experimental Surface Pressures

Slot= 400 mm Step = 0.00 mm
Patm/Po = 0.324



20 —

Figure 7.2.12.

Planar Coanda Model

Method of Characteristics Plot

Shock Fitting; Experimental Surface Pressures
Slot= 4.00 mm Step= 0.00 mm

Patm/Po = 0.256



40 —

30 —

10 —

Figure 7.2.13.

Planar Coanda Model

Method of Characteristics Plo

Shock Fitting; Experimental Surface Pressures
Slot= 6.00 mm Step= 0.00 mm

Patm/Po = 0.366



40 —

Fiqure 7.2.14.

0 10 20

Planar Coanda Model
Method of Characteristics Plot
Shock Fitting; Experimental Surface Pressures

Slot= 6.00 mm Step= 0.00 mm
Patm/Po = 0.330



15—
10 ——
20°
5 10°
0
-
|
-5

Figure 7.2.15. Planar Coanda Model
Method of Characteristics Plot
Shock Fitting; Experimental Surface Pressures

Slot= 4.00 mm Step = 1.50 mm
Patm/Po = 0.331



15—
10 ——
20°
5 — 10°
0
>
—
5

Figure 7.2.16. Planar Coanda Model

Method of Characteristics Plot
Shock Fitting; Separation Model
Experimental Base Pressure

Slot= 400 mm Step= 1.50 mm
Patm/Po = 0.331



15 —
10 ——
20°
5
10°
0
'
B
-5

E'-QM'—L?—' Planar Coanda Model
Method of Characteristics Plot
Shock Fitting; Separation Model
Base Pressure Model
Slot= 4.00 mm Step = 1.50 mm
Patm/Po = 0.331



15
30°
10 —
20°

5 R 100
| /

1 >

-5

0 5

Figure 7.2.18. Planar Coanda Model
Method of Characteristics Plot
Shock Fitting; Separation Model
Base Pressure Model

Slot= 400 mm Step= 1.50 mm
Patm/Po =0.212



o
o
™

10

10

Planar nda M
Method of Characteristics Plot

Figure 7.2.19. -

E
_E
D
°S
o .
Mo
c |
e a
-~ QO
"
mws
& o
mwEeEW
5 E S
nOO
0 |
oo
S LE
£cow®
(RN R



10 —

30°

Figure 7.2.20.

Planar Coanda Model
Method of Characteristics Plot
Shock Fitting;Separation Model

Step =2.00mm Slot = 0.00mm
Patm/Po = 0.243



Figure 7.2.21.

Planar Coanda Model

Method of Characteristics Plot
Shock Fitting; Separation Model
Slot= 2.00 mm Step= 0.00 mm
Patm/Po =0.176



20 ] pal 1 g
40°
30°

10 —

20°

- 10°
0
|
0 10

Figure 7.2.22.

Planar Coanda Model

Method of Characteristics Plot
Shock Fitting; Separation Model
Slot= 4.00 mm Step= 0.00 mm
Patm/Po = 0.355



B 50°

20 —
40°
:
30°
10 —
20°
| 10°
0
>
—
0 10

Figure 7.2.23.

Planar Coanda Model

Method of Characteristics Plot
Shock Fitting; Separation Model
Slot= 400 mm Step = 0.00 mm
Patm/Po = 0.324



20

10

10

Fiqure 7.2.24.

lanar Coanda M
Method of Characteristics Plo

Separation Model

P

0.00 mm

Slot= 4.00 mm Step
=0.324

Patm/Po



20 —

10 —

Figure 7.2.25.

Planar nda Model

Method of Characteristics Plo
Shock Fitting; Separation Model
Slot= 4.00 mm Step= 0.00 mm
Patm/Po = 0.277



l"
50°
20 —
10 —
0
0 10
Figure 7.2.26.

Planar Coanda Model
Method of Characteristics Plot
Shock Fitting; Separation Model

Slot= 4.00 mm Step= 0.00 mm
Patm/Po = 0.256



40 —

30 —

Figure 7.2.27.
Planar Coanda Model

Method of Characteristics Plot
Shock Fitting; Separation Model
Slot= 6.00 mm Step = 0.00 mm
Patm/Po = 0.366



l
20

10

40

lanar nda Model

P

Figure 7.2.28.

Pl

haracteristi

f

Metho

E
_E
D
°3
m&
c |
O a
= o
Sh
& o
mwWEZS
- e M
Do
c o
o |
iCo O
8« E
£O0®m
nwa



40 —
30 —
7 /]
A
£
20 — ‘6‘=E
fus2?
K0
S s
KK
10 —
0 —
-
] l ! l ! l
0 10 20
Figure 7.2.29.

Planar Coanda Model
Method of Characteristics Plo

Shock Fitting; Separation Model
Slot= 6.00 mm Step = 0.00 mm
Patm/Po = 0.330



Figure 7.2.30.

Planar Coanda Model
Method of Characteristics Plot

Shock Fitting; Separation Mode!

Slot = 8.00 mm Step = 0.00 mm
Patm/Po = 0.425




Fiqure 7.2.31.

Planar Coanda Model

Method of Characteristics Plot

Shock Fitting; Separation Model

Slot= 8.00 mm Step= 0.00 mm
Patm/Po = 0.391




Pressure Ratio

[Po/Patm]
12 F—rTrTr—Trrrr T T T T T T T T T
Experiment

% Exeter 1986 (No Step)

10 g 0.00 mm Step
o (.66 mm Step
A 1.26 mm Step

i \

‘Q,
MRS

ST
.

“““ 0.66 mm Step

™ 771.26 mm Step

2..-.;-1-- . 1 T S | AL 2.2 Al i 1 W N | T T 1 I .|

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

igure 8.1.1 [mm]

Axisymmetric Coanda Model
Breakaway Performance



Pressure Ratio

[Po/Patm]
11 T —— T ﬁi -
|
§
' Experiment
3’% o (0.00 mm Step
i | |
3
H © 0.66 mm Step
% A 126 mm Step
9 %
H
i
‘ | (Breakaw.
\ =~ —No Step
Y
. ~1.26 mm Step
7
1
5 o
N\
\ "\‘N!q
\
=]
3 LA L i L ) - b L L I S N . ) - At 1 ) J S
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Slot
igure 8.1.2

[mm]
Axi ic C ja Model
Reversion Performance



Pressure Ratio
[Po/Patm]

\

6 - PO P
M*"’M
"Y’M
5 e
O Breakaway ]
4 B  Reversion
{ 2 BP Model Breakaway
g — . .
0.0 0.5 1.0 1.5
Step
Figure 8.1.3. [mm]
Xi ri M : 2.55m |

Breakaway/Reversion Behaviour



PAGE
MISSING

F\S. Z.1'3 PLaNAR  CoanPA  Mope L
PRARTIR L ReEVeesien BEHAVOUR

a0\
FS' S



Base Pressure

[Pa]
1e+5 - —
=& Experiment 1.25 mm Step
| =--#&-=- Tanner Model 1.25 mm Step
—®— Experiment 3.13 mm Step
=-=-- Tanner Model 3.13 mm Step
8e+4
6e+4
sesd [
D~~~
T
g
2e+4 — -
0.10 0.15 0.20
Figure 8.2.1 Pa/Po
Axisym ic C ia Mod

Base Pressures: 1.67 mm Slot



Base Pressure
[Pa]

1e45 —r

9e+4

8e+4

7e+4

6e+4

—=— - Experiment 1.25 mm Step

===0--* Tanner Model 1.25 mm Step

S5e+4

4e+4

3e+4

2e+4
0.10

Xi

Base Pressur

0.15

mmetri Model
: 2.55 mm Sl

Pa/Po

0.20



Base Pressure

[Pa]
1e+5 v T v T g r —
—®— Experiment 1.25 mm Step
===0--- Tanner Model 1.25 mm Step |
—#&— Experiment 3.13 mm Step
-==+&-=- Tanner Model 3.13 mm Step
e \
[ o,
s~~u~~
6e+4 ~“‘s~
“a.
N~~u
de+4 \
A~‘~
\\‘\\ \
- T
~~~~~ A
2e+4 : * ! *
0.15 0.20 0.25
Fi 8.0.3 Pa/Po
xisymmetri M

Base Pressures: 3.33 mm Slot




Base Pressure

[Pa]
1e+5 v —
~—®— Experiment 1.25 mm Step
-==-=-  Tanner Model 1.25 mm Step
——&— Experiment 3.13 mm Step
-\\ -==&-="  Tanner Model 3.13 mm Step
8e+4 >
6e+4
I:L\
Ta.
de+d S e
g
[ a.,
§t .....
s
2e+4 = * *
0.20 0.25 0.30
iqure 8.2.4 Pa/Po
isymmetri n
Base Pressures: 5.00 mm Sl

0.35



04— T T YT T T T T —r-r—TrTrT

Ak d

0.3

0.1 1 '
K/\ (a) Cpo=0.202 ]
00 q -¥| X A t :

(b) Cpo = 0.178

[ ]
L -
- 1
(c) Cpo =0.124 ]
-1
g M@h . T
Y ]
; -
[ (d) Cpo =0.123

p

3 <

3 4

e 1
RTHEWT ahdddara g ezl a0t gy M " " 5
0 TTIT ST PP rIT YTttt girorres T T

- L

: e -

Jet breakaway

TR D D T D D e
0 20 40 60 80 100 120 140

Coanda Angle(°)

Figure 8.1.5,
Axisymmetric Coanda Model
rimental r

Slot = 1.67 mm; Step = 0.00 mm



(a) Cpo =0.176 ]

-1

OIONXW |§-+‘HF—"""4' ]
A ]

-0.2

(b) Cpo =0.134 ]

4

| .
I )
[ (c) Cpo =0.123
|
. ey e A
[ ]
, ;
[ i
(d) Cpo = 0.105 1
0 F ks e gpp——
i LA o A ?
[
]
0 20 40 60 80 100 120 140
Coanda Angle (°)
Figure 8.1.6

Axisymmetric Coanda Model
Experimental Surface Pressures
Slot =1.67 mm; Step =1.25mm



0.1 T
Cp
B (a) Cpo=0.174
[ - 1
0.0 3 "I'f" ﬁ /:F;; 4 ‘.
| W&f | 1
01
]
-0.2
(b) Cpo = 0.124
0 3 f&*w M"-r tg f et
I ﬁ
o
[ (c) Cpo = 0.105
0 A e}
EJZ %X; qx&*h#ﬁafﬁ%H*ﬂ*H*¥r+*
T
]

0 20 40 60 80 100 120 140
Coanda Angle (°)

Axisymmetric Coanda Model
Experimental Surface Pressures

Slot = 1.67 mm; Step =3.13 mm

Figure 8.1.7.



Cp

04

0.3

(a) Cpo = 0.265

AT

(b) Cpo = 0.243 1

. .
T S tRARBIRAL A Ay Ty T

Jet reversion
immanent

"
L
-

140

o / w* I
Y |
L X # Wz .
| |
1 1
[ ]
i D d A A L i A A i 2 A A 2 A, A P . A i " 4

0 20 40 60 80 100 120
Coanda Angle (°)

Figure 8.1

Axisymmetric Coanda Model
Experimental Surface Pressures

Slot = 3.33 mm; Step = 0.00 mm



0.4 ——r——v——TT1—r—r—T——rTr—r—Tr—r——r—r—rT——

0.3

0.1 _
x (a) Cpo = 0.265 |

0.2
T X,,f (b) Cpo = 0.243
0 S i (A S IR
l ' Jet reversion |
’ t\ 1 immanent

-

A o i R PO T P N

0 20 40 60 80 100 120 140

Coanda Angle (°)

Figure 8.1.8. Axisymmetric Coanda Model

Experimental Surface Pressures
Slot = 3.33 mm; Step =0.00 mm



0.1
0.0
-0.1
-0.2 %
(d) Cpo=0.174
|

e

(e) Cpo =0.173 -

0. AR TR R b oo

Jet breakaway |

0 20 40 60 80 100 120 140

Coanda Angle (°)
Figure 8.1.9,

Axisymmetric Coanda Model
Experimental Surface Pressures
Slot = 3.33 mm; Step =0.00 mm



Cp

0.1 ——

(a) Cpo = 0.239 |

0.1 ¥ ‘ ,

(b) Cpo = 0.209 ]

(c) Cpo =0.174 ]

(d) Cpo = 0.157 ]

P S S 1

¢ gg

i

]

Figure 8.1.10.

60 80 100 120 140

Coanda Angle (°)

Axisymmetric Coanda Model
Experimental Surface Pressur

Slot = 3.33 mm; Step =1.25mm



Cp

0.2 [~ —— .
]
o1 | '
A (a) Cpo = 0.239
0.0 r —— s
0.1 # ‘ _
; ]
o2 [F ]
Iﬂ F‘ (b) Cpo = 0.211 ]
Y [ + ‘¥T‘
(c) Cpo=0.176
_J- L
[ (d) Cpo = 0.159 ]
o +
L A e .
P O¥ | 1
E 2 2 2 A 2 2 2 2 e 2 A 2 .
0 20 40 60 80 100 120 140
Coanda Angle (°)
Figure 8.1.11.

Axisymmetric Coanda Model
Experimental Surface Pressures

Slot =3.33 mm; Step=3.13mm



Cp

03

Axisymmetric Coanda Model

Experimental Surface Pressures
Slot = 5.00 mm; Step =0.00 mm

02f X
0.1 -
[ X ]
i ﬁ (a) Cpo = 0.314 |
00k ;H'
| H
| \ l [ \z/
0.1 f '\gf -
N 1
0.2
' ¥ )&g (b) Cpo = 0.275 |
o k +t
) u[ N
[+ S;""{ (c) Cpo = 0.275 |
1
{D \ 1‘}'::::;:1 T —1-
]
Jet reversion {
\ZL immanent
0 20 40 60 80 100 120 140
Coanda Angle (°)
Figure 81,12,



Cp

0.4 .
4
0.3
0.2
0.1
+
(d) Cpo = 0.225 |
0.0 ; et
ff
-0.2 L&
L (e) Cpo = 0.217 .
0. me S oe e s e e S e i e
Jet breakaway |
l
0 20 40 60 80 100 120 140
Coanda Angle (°)
Figure 8.1.13,

Axisymmetri nda_Model
Experimental Surt Pressur
Slot = 5.00 mm; Step = 0.00 mm



0.2 ——r—7——r r—
Cp ]
0.1
(d) Cpo =0.120
0'0 Hlllllll LB ARLEARE] ‘[[::::;:: ::::llllJ. 1._ ‘;‘ ol
Jet breakaway |
-0.1
-0.2 -
(e) Cpo =0.145 ]
l L
0 -1 Wlll L] T Ly T
; et
Jet reyersion
immanent
A
0 20 40 60 80 100 120 140
Coanda Angle (°)
Figure 8.1.17. . .
Xi | M

Experimental Surf Pr r
Slot =2.54 mm; Step =1.25 mm



Figure 8.2.5. Axisymmetric Coanda Model
Method of Characteristics Plot
Shock Fitting

Slot= 3.33mm Step= 0.00 mm
Patm/Po =0.174



Figure 8.2.6.

Axisymmetric Coanda Model
Method of Characteristics Plot

Shock Fitting; Separation Model
Slot= 1.67mm Step = 0.00 mm
Patm/Po = 0.202






10 —

Figure 8.2.8. Axisymmetric Coanda Model
Method of Characteristics Plot

Shock Fitting; Separation Model

Slot= 3.33mm Step= 0.00 mm
Patm/Po = 0.265
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Figure 8.2.9. Axisymmetric Coanda Model
Method of Characteristics Plot
Separation Model

Slot= 3.33mm Step = 0.00 mm
Patm/Po = 0.265



Figure 8.2.10. Axisymmetric Coanda Model
Method of Characteristics Plot

Shock Fitting; Separation Model

Slot= 3.33mm Step= 0.00 mm
Patm/Po = 0.233
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Figure 8.2.13. Axisymmetric Coanda Model
Method of Characteristics Pl
Shock Fitting; Separation Model
Base Pressure Model
Slot= 254 mm Step= 1.25mm
Patm/Po = 0.163



E_Ig_L@_&Z& Axisymmetric Coanda Mode!
Method of Characteristics Plot
Shock Fitting; Separation Model
Base Pressure Model
Slot= 254 mm Step= 1.25 mm
Patm/Po = 0.125
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Method of Characteristics Plot

Shock Fitting; Experimental Surface Pressures
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J———_FI ure 8.2.16 Axisymmetric Coanda Model
Method of Characteristics Plot

Shock Fitting; Experimental Surface Pressures
Slot= 1.67mm Step = 0.00 mm
Patm/Po = 0.124
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Figure 8.2.17. , . atric Coanda Model N

Method of Characteristics Plot

Shock Fitting; Experimental Surface Pressures
Slot= 3.33mm Step= 0.00 mm
Patm/Po = 0.233



Fiqure 8.2.18. Axisymmetric Coanda Model

Method of Characteristics Plot

Shock Fitting; Experimental Surface Pressures
Slot= 3.33mm Step= 0.00 mm

Patm/Po =0.174
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Figure 8.2.19. avisymmetric Coanda Mode!

Meth t Characteristics Plo

Shock Fitting; Experimental Surface Pressures

Slot= 5.00mm Step= 0.00 mm
Patm/Po = 0.314



Figure 8.2.20. Axisymmetric Coanda Model

Method of Characteristics Plot

Shock Fitting; Experimental Surface Pressures

Slot= 5.00mm  Step = 0.00 mm
Patm/Po = 0.225
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Figure 8.2.21.

Axisymmetric Coanda Model

Meth f Characteristics Plo

Shock Fitting; Experimental Surface Pressures
Slot= 254 mm Step= 1.25mm

Patm/Po = 0.125
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Figure 8.2.22. Axisymmetric Coanda Model

Meth f Characteristics Plo

Shock Fitting; Separation Model
Experimental Base Pressure

Slot= 254 mm Step= 1.25mm
Patm/Po = 0.125
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Fiqure 8.2.23. 18 Coanda (Field Test

Method of Characteristics Plot
Shock Fitting; Separation Model
Base Pressure Model

Slot= 6.65mm Step = 0.55 mm
Patm/Po = 0.252



Figure 8.2.24. I8 Coanda (Field Tests)

Method of Characteristics Plot
Shock Fitting; Separation Model
Base Pressure Model

Slot= 6.65mm Step= 3.60 mm
Patm/Po = 0.184





























































