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Figure B.1: snappyHexMeshDict file used for the meshing of all shape test geometries.
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Figure B.2: Example output from checkMesh.
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Figure B.3: fvSolution file used for my k-epsilon simulations.
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Figure B.4: U file used for my simulations.

Figure B.5: p file used for my simulations.
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Figure B.6: k file used for my simulations.

Figure B.7: epsilon file used for my simulations.
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Figure B.8: nut file used for my simulations.

Figure B.9: turbulenceProperties file used for my simulations.

Figure B.10: transportProperties file used for my simulations.
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Figure B.11: The file controlling sampling of velocity profiles.

Figure B.12: The fieldValueDelta file, measuring head loss between two cell zones.
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Figure B.13: The file seeding particles for streamlines.

Figure B.14: The file guiding the creation of cutting planes.
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Figure B.15: The gnuplot script used to make figure B.16.
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B.2 Shape test

Geometries

Radius 0.05 m
Circumference 0.3142 m
Area 0.0079 m2

Hydraulic radius 0.025 m

Table B.1: Circle geometry.

Radius (R) 0.06 m
Theta (Θ) 2.23◦

Height (h) 0.0329 m
Width (c) 0.107 m
Area 0.0088 m2

Circumference 0.352 m
Hydraulic radius 0.025 m

Table B.2: Birkeland geometry. Made by cutting of a circle; Θ is the angle of the cut
to the horizontal.

Height 0.05 m
Width 0.1 m
Area 0.0089 m2

Circumference 0.357 m
Hydraulic radius 0.025 m

Table B.3: Normal tunnel geometry. Made by adding a half circle with radius equalling
half the width to a rectangle.

Height and width 0.1 m
Area 0.01 m2

Circumference 0.4 m
Hydraulic radius 0.025 m

Table B.4: Square geometry.

Head loss

The grey area in the development graphs indicates where the flow is considered developed.
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Strip CC Velocity Geometry y+

Strip Walls
Min Max Mean Min Max Mean

10 cm 1 m/s Circle 1 68 21 1 73 26
Square 1 54 23 1 63 29
Birkeland 1 68 22 1 82 27
Normal tunnel 1 69 22 1 72 28

2 m/s Circle 6 136 41 2 145 51
Square 2 107 46 3 126 58
Birkeland 5 136 43 2 164 53
Normal tunnel 4 137 44 2 142 55

4 m/s Circle 9 275 83 2 292 101
Square 9 215 91 9 264 116
Birkeland 10 271 87 3 324 106
Normal tunnel 9 274 88 2 282 109

15 cm 1 m/s Circle - - - 3 118 31
Square - - - 7 93 35
Birkeland - - - 2 120 33
Normal tunnel - - - 2 117 34

2 m/s Circle - - - 6 237 63
Square - - - 10 183 69
Birkeland - - - 6 233 66
Normal tunnel - - - 6 237 67

4 m/s Circle - - - 11 476 125
Square - - - 18 368 137
Birkeland - - - 10 465 130
Normal tunnel - - - 9 450 128

20 cm 1 m/s Circle 1 62 20 1 66 26
Square 1 48 23 1 61 29
Birkeland 1 62 22 1 79 27
Normal tunnel 1 62 22 1 65 27

2 m/s Circle 6 123 40 2 132 51
Square 7 97 45 7 113 58
Birkeland 6 124 43 1 159 53
Normal tunnel 6 124 43 1 130 55

4 m/s Circle 10 251 81 2 266 101
Square 10 194 90 10 226 114
Birkeland 10 249 85 2 313 106
Normal tunnel 9 200 87 3 296 105

Table B.5: y+-values for all meshes and velocities. Note that the strip and wall patches
were fused for the 15 cm geometries, thus coming out as one.
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Table B.6: Head loss over 60 cm with computed friction factors for all geometries.

Strip CC U Geometry Head loss [mH2O] Friction factor

10 cm 1 m/s Circle 0.056 0.183
Birkeland 0.054 0.176
Tunnel 0.053 0.173
Square 0.050 0.163

2 m/s Circle 0.224 0.183
Birkeland 0.215 0.176
Tunnel 0.211 0.173
Square 0.200 0.163

4 m/s Circle 0.912 0.186
Birkeland 0.873 0.178
Tunnel 0.845 0.173
Square 0.799 0.163

15 cm 1 m/s Circle 0.044 0.143
Birkeland 0.043 0.140
Tunnel 0.042 0.137
Square 0.040 0.131

2 m/s Circle 0.171 0.140
Birkeland 0.171 0.140
Tunnel 0.166 0.136
Square 0.153 0.125

4 m/s Circle 0.685 0.140
Birkeland 0.686 0.140
Tunnel 0.666 0.136
Square 0.607 0.124

20 cm 1 m/s Circle 0.036 0.119
Birkeland 0.035 0.115
Tunnel 0.034 0.112
Square 0.033 0.107

2 m/s Circle 0.145 0.119
Birkeland 0.141 0.115
Tunnel 0.137 0.112
Square 0.131 0.107

4 m/s Circle 0.586 0.120
Birkeland 0.566 0.116
Tunnel 0.549 0.112
Square 0.523 0.107
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Figure B.16: Head loss change between strips for CC 10 cm, 1 m/s.

-2%

-1.5%

-1%

-0.5%

0%

0.5%

1%

1.5%

2%

 0  0.5  1  1.5  2  2.5  3  3.5

C
h
a
n
g
e
 i
n
 h

e
a
d
 l
o
s
s
 o

v
e
r 

s
tr

ip

x [m]

U = 2 m/s

Circle
Normal tunnel
Birkeland
Square

Figure B.17: Head loss change between strips for CC 10 cm, 2 m/s.



APPENDIX B. ADDITIONAL FIGURES AND TABLES 98

-2%

-1.5%

-1%

-0.5%

0%

0.5%

1%

1.5%

2%

 0  0.5  1  1.5  2  2.5  3  3.5

C
h
a
n
g
e
 i
n
 h

e
a
d
 l
o
s
s
 o

v
e
r 

s
tr

ip

x [m]

U = 4 m/s

Circle
Normal tunnel
Birkeland
Square

Figure B.18: Head loss change between strips for CC 10 cm, 4 m/s.
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Figure B.19: Head loss change between strips for CC 15 cm, 1 m/s.
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Figure B.20: Head loss change between strips for CC 15 cm, 2 m/s.
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Figure B.21: Head loss change between strips for CC 15 cm, 4 m/s.
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Figure B.22: Head loss change between strips for CC 20 cm, 1 m/s.
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Figure B.23: Head loss change between strips for CC 20 cm, 2 m/s.
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Figure B.24: Head loss change between strips for CC 20 cm, 4 m/s.


	
	
	
	
	
	
	

	
	
	
	
	

	
	
	

	
	
	
	

	
	
	
	

	
	

	
	
	
	
	

	
	
	
	

	
	
	
	
	

	
	
	
	
	


	
	
	
	
	

	
	
	
	

	
	
	
	
	
	


	
	
	
	
	


	
	
	
	
	
	

	
	
	

	
	
	
	
	
	


	
	
	


