D.2 Distributions of the velocity fluctuations in y-direction
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Figure D.6: Distributions of the vertical velocity fluctuations (v'/U,y) inside the surface film
for impingement of a spray, generated by the ultrasonic US10 (a-d) and US20 (e-f) nozzles,
without carrier gas, for two different volume flows of 150 mL/min and 200 mL/min at the axial
positions z = 48.8 mm (left) and z = 110 mm (right) for US10 and at z = 61.3 mm (left) and
z = 122.5 mm (right) for US20
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Appendix D: In-plane surface film velocity fluctuations by spray impingement

D.3 Radial distributions of Reynolds tensions
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D.3 Radial distributions of Reynolds tensions
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Figure D.8: Distributions of the Reynolds tensions (u/v'/Uy) inside the surface film for im-
pingement of a spray, generated by the ultrasonic US20 nozzle, applied with pressurized air
at 0.604 bar, for different volume flows between 100 mL/min and 300 mL/min at the axial
positions z = 61.3 mm (left) and z = 122.5 mm (right)
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Appendix D: In-plane surface film velocity fluctuations by spray impingement
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Figure D.9: Distributions of the Reynolds tensions (u
pingement of a spray, generated by the ultrasonic US10 (a-d) and US20 (e-f) nozzles, without
carrier gas, for two different volume flows of 150 mL /min and 200 mL/min at the axial positions
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mm (right) for US20
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Appendix E

Validation of the velocity computation
algorithm for PIV analysis

In this appendix the results are shown of the validation study for the velocity computation al-
gorithm. This algorithm is part of the image processing toolbox, that calculates mean velocity
distributions and its fluctuations at different depths inside the three-dimensional investigated
volume out of tracer particle image recordings, as presented in §(8.3). The validation is done
in such a way, that recordings of tracer particle images are generated synthetically in Matlab.
These recordings represent a known uniform flow and it is checked whether the velocity compu-
tation algorithm calculates the exact same velocity field and how large the fluctuations in the
flow, generated by the algorithm itself, are. Two different flows are investigated: a translational
flow and a solid body rotational flow. Different seeding densities are investigated, to see the
influence of the amount of tracer particles in the images.

E.1 Mean and statistical velocity fields of a synthetical
translational flow
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Figure E.1: Mean velocity field for a uniform translational input flow of U, = /125 for two
different seedings densities of 250 and 1000 tracer particles per image
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Appendix E: Validation of the velocity computation algorithm for PIV analysis

— -
't [Uyy [-] T e u'y' Uy -]
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

B IR A
NN NSNS NN NSNS SN

900 Eo2 SSSss % AN e ~—~ !
~ S s \5\~\\\§:::
200 B % e
Sreh
700 FRRNSSR , ,
600 £ : e =Y ﬁ
500 SIIEIIINS @ N
> > o ~ NS e e
400 e NN NN NN NN NSNS
s Cs whCS N - \ 300
200
S S : 100 ‘
200 400 600 800 1000 1200 200 400 600 800 1000 1200
(a) 125 seeding particles per image (b) 250 seeding particles per image
o =2
't [Upy [-] T el vy’ /Uy, ] T .
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

900
800
700
600
500 F
400
300
200

900
800
700
600
500
400 f
300
200

100 ; : = 100 § ) 4
200 400 600 800 1000 1200 200 400 600 800 1000 1200
(c) 500 seeding particles per image (d) 1000 seeding particles per image
Wt [Ty

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

& Vool 4 -

900
800
700
600
500
400
300
200
100 E

200 400 600 800 1000 1200
(e) 2000 seeding particles per image

Figure E.2: Distributions of the horizontal velocity fluctuations (u'u’ /Ufot) for a uniform trans-
lational input flow of Uy = /125 for different seedings densities between 125 and 2000 tracer
particles per image
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E.1 Mean and statistical velocity fields of a synthetical translational flow
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Figure E.3: Distributions of the vertical velocity fluctuations (v'v’ /Ufot) for a uniform transla-
tional input flow of U,y = 125 for different seedings densities between 125 and 2000 tracer

particles per image
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Figure E.4: Distributions of the Reynolds tensions (uv' /Ufot) for a uniform translational input
flow of Uiy = v 125 for different seedings densities between 125 and 2000 tracer particles per

image
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E.2 Mean and statistical velocity fields of a synthetical solid body rotational flow

TI [-]

800
700
600 F
500
400
300
200
100 > . -9

200 400 600 800 1000 10

(a) 250 seeding particles per image

TI [-]

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

900
800
700
600
500
400
300
200
100

200 40 600 ‘ 800 000 1200
(b) 1000 seeding particles per image

Figure E.5: Distributions of the turbulence intensity for a uniform translational flow of Uy —
V125 for two different seedings densities of 250 and 1000 tracer particles per image
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Figure E.6: Mean velocity field for a uniform solid body rotational flow input flow of U, —
3.1416 - 1072R for two different seedings densities of 250 and 1000 tracer particles per image
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Figure E.7: Distributions of the horizontal velocity fluctuations (u'u’ /Uit) for a uniform solid
body rotational flow of U;,; = 3.1416 - 1072R for different seedings densities between 125 and
2000 tracer particles per image
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E.2 Mean and statistical velocity fields of a synthetical solid body rotational flow
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Figure E.8: Distributions of the vertical velocity fluctuations (v'v/ /Ufot) for a uniform solid
body rotational flow of U, = 3.1416 - 1072R for different seedings densities between 125 and
2000 tracer particles per image
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Figure E.9: Distributions of the Reynolds tensions (u'v’/ Ufot) for a uniform solid body rotational
flow of Uy = 3.1416-1072R for different seedings densities between 125 and 2000 tracer particles
per image
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E.2 Mean and statistical velocity fields of a synthetical solid body rotational flow
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Figure E.10: Distributions of the turbulence intensity for a uniform solid body rotational flow
of Uy = 3.1416 - 1072 R for two different seedings densities of 250 and 1000 tracer particles per
image
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