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Numerous phenomena.
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Droplet phenomena in life

Still droplets phenomena.
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Droplet phenomena in life
. J

Fast-evolving phenomena.

WWwWw.ntnu.no \ H. Zhao, PhD Defence



Application fields of droplet impacts

A few examples

Ink-jet printing.

Spray cooling and coating.
Combustion process.
Biology and agriculture.
Forensic investigation.
Material.

.ntnu.no H. Zhao, PhD Defence



Motivation

Atomization/entrainment

\

:Pressure
-~ forces

/ ;".Weak shear
| opposite
\ direction

Deposition

Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).




Motivation

Atomization/entrainment

\

:Pressure
-~ forces

/ ;".Weak shear
| opposite
\ direction

Deposition

Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).




Motivation

Atomization/entrainment

\

:Pressure
-~ forces

/ ;".Weak shear
| opposite
\ direction

Deposition

Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).




Motivation

Atomization/entrainment

\

:Pressure
-~ forces

/ ;".Weak shear
| opposite
\ direction

Deposition

Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).




Motivation

Atomization/entrainment

\

:Pressure
-~ forces

/ ;".Weak shear
| opposite
\ direction

Deposition

Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).




Motivation

Atomization/entrainment

\

:Pressure
-~ forces

;".Weak shear
| opposite

Deposition
\ direction

Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).




Motivation

Atomization/entrainment

\ i i
iy :Pressure b !
. .~ forces \

.o
.l

" /Weak shear

Deposition | opposite
b ‘d irection
pressure e
Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).

Micro Macro




Motivation

Atomization/entrainment

\ i i
iy :Pressure b !
. .~ forces \

.o
.l

" /Weak shear

Deposition | opposite
b ‘d irection
pressure e
Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).

Micro Macro




Motivation

Atomization/entrainment

\ )
iy :Pressure !
. -~ forces

.o
.y

/Weak shear

Deposition | opposite
i ‘d irection
pressure S
Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).

MiCcro = == = == = == = == =« == « == =) Macro




Motivation

Atomization/entrainment

\ )
iy :Pressure !
. -~ forces

.o
.y

/Weak shear

Deposition | opposite
i ‘d irection
pressure S
Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).

Micro = == = == = == = == = == « == =) Macro




Motivation

Atomization/entrainment

\ )
iy :Pressure !
. -~ forces

.o
.y

/Weak shear

Deposition | opposite
i ‘d irection
pressure S
Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).

MiCcro = == = == = == = == =« == « == =) Macro




Motivation

Atomization/entrainment

\ i i
iy :Pressure b !
. .~ forces \

.o
.l

" /Weak shear

Deposition | opposite
b ‘d irection
pressure e
Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).

MiCro = == = == = == = == =« == « == =) Macro




Motivation

Atomization/entrainment

\ i i
iy :Pressure b !
. .~ forces \

.o
.l

" /Weak shear

Deposition | opposite
b ‘d irection
pressure e
Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).

MiCI‘O I_I_I_I_l_l_l) MaCrO




Motivation

Atomization/entrainment

\ i i
iy :Pressure b !
. .~ forces \

.o
.l

" /Weak shear

Deposition | opposite
b ‘d irection
pressure e
Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).

MiCrO N L L ——— - u n ) MaCrO




Motivation

Atomization/entrainment

\ i i
iy :Pressure b !
. .~ forces \

.o
.l

" /Weak shear

Deposition | opposite
b ‘d irection
pressure e
Phenomena in SWHE on shell side (StatoilHydro). SWHE (Linde).

MiCrO L u L L - u n ) Macro




Motivation (cont.)

To gain insight into fundamental phenomena occurring in heat exchangers
in liquefaction plants.

Basic hypothesis

| \

A thorough understanding of the processes and phenomena occurring at a
small-scale level in the heat exchanger is necessary to obtain an improved
understanding of the heat exchanger, its design and operation.

N
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Experimental work: vertical impact of (micron)droplet-(deep)pool.
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rimental methodology design and optimization.
Droplet-pool phenomena generation and capture.
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omena study and results analysis.
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Definitions of regimes

Special case
® ®

Falling

Crater and
strong wave secondary drops

Jetting and
secondary drops

Jetting of a droplet on a deep pool.




Definitions of regimes
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Initial coalescing Coalescing

Surface wave Surface recover

Later coalescing Partial coalescing




Definitions of regimes

S,

Falling Initial compressing Deep compressing

Restituting Bouncing Surface recover

Bouncing of a droplet on a deep pool.
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e Quantitative characterization = finding mathematical relation.
o Complexity: many parameters involved in the impact process.
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Parameters and simplifications

Involved parameters

@ Physical properties.
m Liquid phase.
m Vapor phase.

@ Surface condition.

m Smooth and homogeneous.
m Rough and inhomogeneous.
o Kinematic parameters.
m Velocity.
m Diameter.
m Impinging angle.
m Film movement and effects from neighboring impacts.

@ Gravitational acceleration.
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Dimensional analysis

Dominant variables and fundamental dimensions
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Dimensional analysis (cont.)

Splashing/jetting

Weber number Ohnesorge number Reynolds number
2
pV=D oh - —H pDV
We=— = Re = ——
¢ .o vpDo 1
Inertia-surface Viscosity-surface Inertia-viscosity

Note: A combination of any two of We, Oh and Re is equivalent.

| A\

Bouncing

Restitution coefficient
V/
v

Bouncing-impinging velocity

Weber number o
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Literature model for splashing/jetting

Formulation of the model

We - Oh* =b
Ref. Fluid Impacted obj. Focused Regime « b
Hsiao et al. [4] mercury Pool! jetting 0 64
Mundo et al. [8]  water, ethanol Dry surface Splashing —0.4 654
Cossali et al. [2]  water-glycerol Film Splashing —0.4 21002
Vander Wal et al. [13] heptane etc. Film Splashing —-0.3 1191
Huang and Zhang [5] water and oil Pool jetting —-0.5 784

'Vander Wal et al. [12] defined pool as the thickness of the liquid film much larger than 10 times
the droplet diameter, and the liquid pool in this work agrees with this definition.

H
2Cossali et al. [2] included a function of dimensionless film thickness (H } = ff) to evaluate

the effect from film.
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Overview of experimental setup

Pressure reducer

i Light source 2: :
LED with colimation optics

Liguid tank

Camera seat

Jack and translation stages




Overview of experimental setup (cont.)
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Test cell

Nozzle
tube
g Liquid
inlet tube
N; and
vacuum
Tee
Nozzle tube
holder
Cabling
port
Cell lid. Cell side.
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Droplet generation system

Nozzle tube Pinhole
Nozzle cap

Nozzle.

: ! Motor seat Motor
Wozzle) ! -
Hod P ‘ Yy
IS | \ % ;

Etectric molor

Laser beam

lass cuvelfe

Droplet generation and descretization.



Light source

He-Ne Beam
laser expander

Background (He-Ne laser).

Uniform
background

Lens- Fine throad cabling-
mount focus tube hole

White LED + collimation optics. Background (LED).




High-speed camera (Phantom V9)

CF K2 Phantom
objective microscope V9 camera

|

Camera seat

Objective Primary magnification System magnification Field of view Working distance

CF-1 2.1-0.8x 86.7-33x 3-8 mm 286-715 mm
CF-2 4.1-2.4x 169-99 x 1.56-2.7 mm  144-222 mm
CF-3 5.6-3.8x 231-157x 1.1-1.7 mm 96-132 mm

CF-4 9.8-7.7x 405-318x 0.65-0.8 mm  54-63 mm
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Safety measures

“Perfect” rig: high strength, 0 leakage and spark

Active measures-idealized

Overpressure failure A

Fire and explosion 4
Passive measures-practical

Accident, failure may happen - - -
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Safety measures (cont.)

¥
Invurterfor 8
micropump

Overall measure - Power limitation

Fire and explosion measures.




Material

Experimental fluids and liquid phase properties

Fluids

p (kg/m®) i (mPa -s) o (mN/m)

Distilled water ]
Technical ethanol!
n-pentane !
Methanol
1-propanol

996.93
805.8
605.69
786.65
799.55 )

0.890
1.367
0.1969
0.544 11
1.968 1

71.99
22.406
13.66
22.07 1]
23.28 [14

" measured in lab. Measuring accuracy: density-below 1%, surface tension-below 3%,

viscosity-below 5%
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Outline

Image Analysis and Uncertainty Evaluation
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Image processing procedures
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Image processing procedures

Manual processing

Process raw video " === = == : === : =) Parameters

Semi-auto processing
Raw video conversion = == Image) = ==) Script = == Parameters
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Uncertainty sources

Frame rate. (T")

Gauge. (L)

Gauge measurement. (L)

Measurement of tilted angle of camera. (L)
Image segmentation. (L)

Threshold judgment. (L)

Droplet oscillation. (L)

Physical properties. (Dimensionless parameters)
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Uncertainty sources - image segmentation

Uncertainty by 1D way: maximum
=~ 1 pixel = 6 um

Segmentation uncertainty
;| = RMS uncertainty

4 i
0 50 100 150 200 250 300 350 400 450 500 550 600
Diameter of droplet (pm)

Diameter uncertainty from 2D way:
RMS= 0.69 pm
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Diameter uncertainty

0.0305

1, IO A R —

T SRR S W— |
| 1

0.0295 -4 o

0_029_.......‘1\%.‘ ............................................................

0.028f i

N L e e

0.027
0

100 200 300 400 500
Diameter of droplet ( pm)
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Velocity uncertainty

0.7

04t

She
.'s“ '

02H

B+ sssdpssdhssssemsesbussses oo

3 4 5 6 7
Velocity of droplet (m/s)
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Dimensionless parameters uncertainties

Maximum uncertainties

We (%) Oh (£%) Fr (%) Ca (£%)
7 8 3.5 9

\
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Outline

Experimental Observations
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Jetting type 1

Characteristic steps of jetting type 1.

KI<IQ]D > I =t +]

Technical ethanol: D = 0.25(mm) V = 5.3(m/s).
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Jetting type 2

—-———"‘—_——-‘
Characteristic steps of jetting type 2.

(=[]

I-propanol: D = 0.28(mm) V = 7.3(m/s).
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Jetting type 3

Characteristic steps of jetting type 3.
I

K< I> ] =]+

n-pentane: D = 0.22(mm) V =5.2(m/s).

WWW.ntnu.no



Jetting type 4

— e T e

Characteristic steps of jetting type 4.

—
K< ]I> ] =t +]

n-pentane: D = 0.26(mm) V =5.9(m/s).
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Coalescence (high-energy-collision)

e e e cs——

Characteristic steps of coalescence.

K<Ll [>[H] [ =]+

I-propanol: D = 0.41(mm) V = 2.3(m/s).
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Coalescence (low-energy-collision)

Characteristic steps of coalescence.

K<Ll [>[>H] [ =]+

Distilled water: D = 0.17(mm) V = 0.9(m/s).
\
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Bouncing

Characteristic steps of bouncing

(=[]
1- propanol D =0.24(mm) V =1.14(m/s).
. V = —0.29 .
5, PhD Defence
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Partial coalescence (transitional regime)

Characteristic steps of partial coalescence.

K<Ll [> 1] =]+

Distilled water: D = 0.17(mm) V = 0.34(m/s).
Bouncing: D = 0.08(mm) V = —0.47(m/s).

WWW.ntnu.no H. Zhao, PhD



Outline

Data Analysis
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Data range

Fluid Diameter range (mm) Velocity range (m/s)
Distilled water 0.06 - 0.7 0.1-12
Technical ethanol 0.07-0.7 0.1-10
n-pentane 0.1-0.6 0.3-6.5
Methanol 0.17-0.42 1.8-8
1-propanol 0.1-0.5 1.3-10
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Data regression methods and definitions

Regime 1 Definition of points

« Regire 2 Lst Bfuind ; @ Uncertain points: different from the

majority of a regime.

Least Square @ Certain points: same as the majority of

) Dy aregime.
¥ £ 2D

Two regression methods

H % @ Least points: gives the least uncertain
* points.

@ Least square: gives the least square to
the uncertain points.

Threshold characterization between regime 1 and 2.
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Threshold models for coalescence-jetting
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Threshold models for coalescence-jetting

Exponential model
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1705 = We - Oh™ "D,
@ Weighing the effects from inertia, viscosity and surface tension.

@ Revised form of the classic formulation We - Oh® = b.

Linear model

Fr=aCa+ 3

@ Weighing the effects from inertia, gravity, viscosity and surface tension.

» Jump to Dimensionless parameters
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Threshold models for coalescence-jetting
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Exponential model - without ~

We

x 0™

We - Oh™ 9% = 1349 for n-pentane.

Smaper N

B B B 95 a0
oh .

We

e

Fo0f

400

300

8o 0015 002 0025 003 0.035 004
on

We - Oh™9-% = 2125 for technical ethanol.

*  Coalosconco
800 - g i Jotting

- —— 1 propanol
fo0f- it B




Exponential model - with ~

400 ! ! :
: : : : —— Oh error
! — We error
350+ %I% o Coalescence
: Jetting
300} — — — Hsiao (1988) .
— — — Huang (2008)
== Threshold model 1
250+ »._} v¢  Rodriguez (1985) |1

«"

o
[=]

Weber number
5
o

=)
3

(52
o

14

=3

Ohnesorge number x10

We - Oh70'57+% — 1705 for distilled water. Literature data from [9].




Linear model

400 ‘ ‘ ‘ ‘ ‘ T
350 ‘
300
250k
200
150

Froude number

100
Ca error
50 —— Frerror i
0 e Coalescence
Jetting
B ] S Threshold model 21
¥ Rodriguez (1985)

0.025 0.05 0.075 0.1 0.125 0.15 0.17
Capillary number

Fr = aCa + 3 for distilled water. Literature data from [9].




C-J threshold characterization results of

Exponential model
Fluid 4(1075) Uncertain points Jacertain
Distilled water 10 14 1.12%
Technical ethanol 25 35 3.25%
n-pentane 8 30 3.35%
Methanol 14 27 3.36%
1-propanol 29 62 4.83%

v

Linear model

Fluid o [ Uncertain points -U5certan
Distilled water 2668 —72 1 0.08%
Technical ethanol 544 —T71 21 1.95%
n-pentane 2594 —48 30 3.35%
Methanol 1301 —47 25 3.11%
1-propanol 395 —80 71 5.53%

\
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Generalizations of models

Exponential model

Linear model

Oz Pxy—1.02 Hz\-099 Tz\1.20
= - &) ) ()
Bz _ (Pzy—291 (Hzy036 (Tz\0.74
= = (B (.
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Threshold of bouncing-coalescence

100 : D ;
4%% : s © | ——Oherror
90 ol We error 1
: N : > Coalescence
S P s = Bouncing
70k - L.......# .. |-~ ~Huang(2008) B-C||
B‘ig i <
S S uppny B-Cp ]
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. . -3

80 9%1,

We
¥
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30 AR
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B-C and C-B characterization results using
Weber number

Exponential model

Fluid B-C Threshold ( We critical) C-B Threshold (We critical)
Distilled water 6.7 2.8
Technical ethanol 12.4 5.9
1-propanol 14.0
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Restitution coefficient

(€)

0.55

o
]

o
FS
<]

o
»

o
w

= Distilled water
| —— Stable levele ||

~  Tech. ethanol

| —— Stable level € |

1—propanol
— Stable level apr

Restitution coefficient
o
w
(6]

o
)
()]

<
(N]

0 2 4 6 8 10 12 14 16
Weber number ( We)

Agree with literature value 0.2-0.3 [6, 1].




Effects of parameters and properties

Kinetic parameters

1.(b) Sv

(1) e = < nos ) Cen

Jellmg ofa methdnol droplet: D = O 26 mm and V =7.3m/s

Viscosity
—— BN B ;
a) C . (b) Crown-2. (c) Crown-3. (d) C.j. drop. (e) Cen. jet.

Jemné of a 1-propanol droplet: D = 0.28 mmand V = 8.8 m/s
Surface tension

) © (e < Ce) €. <

Jetung of a technical ethanol droplet D =0.17Tmmand V = 8.9m/s

(1) Swel ) S ¥, (1) <

Jetting of a water droplet: D = 0.21mmand V = 8.9m/s




Outline

Conclusions and Recommendations
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Conclusions

e Experiments:
m Careful considerations on safety.
m Test cell with good integration and gas-tight.
m Mono-dispersed droplet stream isolation.
m A suitable light source.
m Observations of different regimes were carried out with five different fluids.
o Data analysis:
m An accurate and efficient routine for image-processing.
m Thorough uncertainty analysis.
@ Phenomena and results:
m Improved understanding of the phenomena.
m Coalescence-jetting thresholds for five fluids with two models, for which
generalization methods were suggested.
m Bouncing-coalescence thresholds for three fluids, and coalescence-bouncing
threshold for two fluids.
m Restitution coefficient for three fluids, and good agreement with literature
data.
m Effects of parameters and properties.
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Recommendations

Verification of generalization methods by more fluids.
Bouncing condition generalization.

Characterization of 4 types distinguishable observations in jetting.

More realistic geometries and flow conditions for simulating the flow
in LNG heat exchanger.

Numerical simulations for improving the understanding.




Thank you for your attention!

\

WWW.ntnu.no \ H. Zhao, PhD Defence



[1] G. A.Bach, D. L. Koch, and A. Gopinath. Coalescence and bouncing of small aerosol droplets.
Journal of fluid mechanics, 518:157-185, 2004.

[2] G.E. Cossali, A. Coghe, and M. Marengo. The impact of a single drop on a wetted solid
surface. Experiments in fluids, 22:463-472, 1997.

[3] A.P.Froba, L. Pellegrino, and A. Leipertz. Viscosity and surface tension of saturated
n-pentane. International journal of thermodynamics, 25(5):1323-1337, 2004.

[4] M.Y. Hsiao, S. Litcher, and L. G. Quintero. The critical weber number for vortex and jet
formation for drops impact on a liquid pool. Physics of fluids, 31(12):3560-3562, 1988.

[5] Q.Y.Huang and H. Zhang. A study of different fluid droplets impacting on a liquid-film.
Petroleum science, 5:62—-66, 2008.

[6] O. W. Jayaratne and B. J. Mason. Coalescence and bouncing of water drops at an air/water
interface. Proceedings of the royal society of London, 280(1383):545-565, 1964.

[7] David R. Lide. CRC Handbook of Chemistry and Physics. CRC Press/Taylor and Francis, Boca
Raton, FL, 89th edition, 2009.

[8] CHR. Mundo, M. Sommerfeld, and C. Tropea. Droplet-wall collisions: experimental studies of
the deformation and breakup process. Int. J. Multiphase Flow, 21(2):151-173, 1995.

[9] Francisco Rodriguez and Russel Mesler. Some drops don’t splash. Journal of colloid and
interface science, 106(2):347-352, 1985.

[10] Divya Shukla, Shashi singh, Shahla Parveen, Manisha Gupta, and J. P. Shukla. Thermophysical
properties of binary mixtures of methanol with chlorobenzene and bromobenzene from 293k to
313k. International journal of thermophysics, 29:1376—1384, 2008.

[11] Y. Tanaka, Y. Matsuda, H. Fujiwara, H. Kubota, and T. Makita. Viscosity of (alcohol + water)
mixtures under high pressure. International journal of thermophysics, 8(2):147-163, 1987.

ntnu.no 0, PhD Defence



[12] R.L. Vander Wal, W. Gordon, M. Berger, and S. D. Mozes. Droplet splashing upon films of the
same fluid of various depth. Experiments in fluids, 40:33-52, 2006.

[13] R.L. Vander Wal, W. Gordon, M. Berger, and S. D. Mozes. The splash/non-splash boundary
upon a dry surface and thin liquid film. Experiments in fluids, 40:53-59, 2006.

[14] Gonzalo Vaquez, Estrella Alvarez, , and Jose M. Navaza. Surface tension of alcohol + water
from 20 to 50°c. Journal of chemical and engineering data, 40:611-614, 1995.

ntnu.no PhD Defence




	Introduction and Background
	Theory
	Experimental Methods
	Image Analysis and Uncertainty Evaluation
	Experimental Observations
	Data Analysis
	Conclusions and Recommendations
	References

	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	anm0: 
	btn@0@EndLeft: 
	btn@0@StepLeft: 
	btn@0@PlayPauseLeft: 
	btn@0@PlayPauseRight: 
	btn@0@StepRight: 
	btn@0@EndRight: 
	btn@0@Minus: 
	btn@0@Reset: 
	btn@0@Plus: 
	1.0: 
	1.1: 
	1.2: 
	1.3: 
	1.4: 
	1.5: 
	1.6: 
	1.7: 
	1.8: 
	1.9: 
	1.10: 
	1.11: 
	1.12: 
	1.13: 
	1.14: 
	1.15: 
	1.16: 
	1.17: 
	1.18: 
	1.19: 
	1.20: 
	1.21: 
	1.22: 
	1.23: 
	1.24: 
	1.25: 
	1.26: 
	1.27: 
	1.28: 
	1.29: 
	1.30: 
	1.31: 
	1.32: 
	1.33: 
	1.34: 
	1.35: 
	1.36: 
	1.37: 
	1.38: 
	1.39: 
	1.40: 
	1.41: 
	1.42: 
	1.43: 
	1.44: 
	1.45: 
	1.46: 
	1.47: 
	1.48: 
	1.49: 
	1.50: 
	1.51: 
	1.52: 
	1.53: 
	1.54: 
	1.55: 
	1.56: 
	1.57: 
	1.58: 
	1.59: 
	1.60: 
	1.61: 
	1.62: 
	1.63: 
	1.64: 
	1.65: 
	1.66: 
	1.67: 
	1.68: 
	1.69: 
	1.70: 
	1.71: 
	1.72: 
	1.73: 
	1.74: 
	1.75: 
	1.76: 
	1.77: 
	1.78: 
	1.79: 
	anm1: 
	btn@1@EndLeft: 
	btn@1@StepLeft: 
	btn@1@PlayPauseLeft: 
	btn@1@PlayPauseRight: 
	btn@1@StepRight: 
	btn@1@EndRight: 
	btn@1@Minus: 
	btn@1@Reset: 
	btn@1@Plus: 
	2.0: 
	2.1: 
	2.2: 
	2.3: 
	2.4: 
	2.5: 
	2.6: 
	2.7: 
	2.8: 
	2.9: 
	2.10: 
	2.11: 
	2.12: 
	2.13: 
	2.14: 
	2.15: 
	2.16: 
	2.17: 
	2.18: 
	2.19: 
	2.20: 
	2.21: 
	2.22: 
	2.23: 
	2.24: 
	2.25: 
	2.26: 
	2.27: 
	2.28: 
	2.29: 
	2.30: 
	2.31: 
	2.32: 
	2.33: 
	2.34: 
	2.35: 
	2.36: 
	2.37: 
	2.38: 
	2.39: 
	2.40: 
	2.41: 
	2.42: 
	2.43: 
	2.44: 
	2.45: 
	2.46: 
	2.47: 
	2.48: 
	2.49: 
	anm2: 
	btn@2@EndLeft: 
	btn@2@StepLeft: 
	btn@2@PlayPauseLeft: 
	btn@2@PlayPauseRight: 
	btn@2@StepRight: 
	btn@2@EndRight: 
	btn@2@Minus: 
	btn@2@Reset: 
	btn@2@Plus: 
	3.0: 
	3.1: 
	3.2: 
	3.3: 
	3.4: 
	3.5: 
	3.6: 
	3.7: 
	3.8: 
	3.9: 
	3.10: 
	3.11: 
	3.12: 
	3.13: 
	3.14: 
	3.15: 
	3.16: 
	3.17: 
	3.18: 
	3.19: 
	3.20: 
	3.21: 
	3.22: 
	3.23: 
	3.24: 
	3.25: 
	3.26: 
	3.27: 
	3.28: 
	3.29: 
	3.30: 
	3.31: 
	3.32: 
	3.33: 
	3.34: 
	3.35: 
	3.36: 
	3.37: 
	3.38: 
	3.39: 
	3.40: 
	3.41: 
	3.42: 
	3.43: 
	3.44: 
	3.45: 
	3.46: 
	3.47: 
	3.48: 
	3.49: 
	3.50: 
	3.51: 
	3.52: 
	3.53: 
	3.54: 
	3.55: 
	3.56: 
	3.57: 
	3.58: 
	3.59: 
	3.60: 
	3.61: 
	3.62: 
	3.63: 
	3.64: 
	3.65: 
	3.66: 
	3.67: 
	3.68: 
	3.69: 
	3.70: 
	3.71: 
	3.72: 
	3.73: 
	3.74: 
	3.75: 
	3.76: 
	3.77: 
	3.78: 
	3.79: 
	3.80: 
	3.81: 
	3.82: 
	3.83: 
	3.84: 
	3.85: 
	3.86: 
	3.87: 
	3.88: 
	3.89: 
	3.90: 
	3.91: 
	3.92: 
	3.93: 
	3.94: 
	3.95: 
	3.96: 
	3.97: 
	3.98: 
	anm3: 
	btn@3@EndLeft: 
	btn@3@StepLeft: 
	btn@3@PlayPauseLeft: 
	btn@3@PlayPauseRight: 
	btn@3@StepRight: 
	btn@3@EndRight: 
	btn@3@Minus: 
	btn@3@Reset: 
	btn@3@Plus: 
	4.0: 
	4.1: 
	4.2: 
	4.3: 
	4.4: 
	4.5: 
	4.6: 
	4.7: 
	4.8: 
	4.9: 
	4.10: 
	4.11: 
	4.12: 
	4.13: 
	4.14: 
	4.15: 
	4.16: 
	4.17: 
	4.18: 
	4.19: 
	4.20: 
	4.21: 
	4.22: 
	4.23: 
	4.24: 
	4.25: 
	4.26: 
	4.27: 
	4.28: 
	4.29: 
	4.30: 
	4.31: 
	4.32: 
	4.33: 
	4.34: 
	4.35: 
	4.36: 
	4.37: 
	4.38: 
	4.39: 
	4.40: 
	4.41: 
	4.42: 
	4.43: 
	4.44: 
	4.45: 
	4.46: 
	4.47: 
	4.48: 
	4.49: 
	4.50: 
	4.51: 
	4.52: 
	4.53: 
	4.54: 
	4.55: 
	4.56: 
	4.57: 
	4.58: 
	4.59: 
	4.60: 
	4.61: 
	4.62: 
	4.63: 
	4.64: 
	4.65: 
	4.66: 
	4.67: 
	4.68: 
	4.69: 
	4.70: 
	4.71: 
	4.72: 
	4.73: 
	4.74: 
	anm4: 
	btn@4@EndLeft: 
	btn@4@StepLeft: 
	btn@4@PlayPauseLeft: 
	btn@4@PlayPauseRight: 
	btn@4@StepRight: 
	btn@4@EndRight: 
	btn@4@Minus: 
	btn@4@Reset: 
	btn@4@Plus: 
	5.0: 
	5.1: 
	5.2: 
	5.3: 
	5.4: 
	5.5: 
	5.6: 
	5.7: 
	5.8: 
	5.9: 
	5.10: 
	5.11: 
	5.12: 
	5.13: 
	5.14: 
	5.15: 
	5.16: 
	5.17: 
	5.18: 
	5.19: 
	anm5: 
	btn@5@EndLeft: 
	btn@5@StepLeft: 
	btn@5@PlayPauseLeft: 
	btn@5@PlayPauseRight: 
	btn@5@StepRight: 
	btn@5@EndRight: 
	btn@5@Minus: 
	btn@5@Reset: 
	btn@5@Plus: 
	6.0: 
	6.1: 
	6.2: 
	6.3: 
	6.4: 
	6.5: 
	6.6: 
	6.7: 
	6.8: 
	6.9: 
	6.10: 
	6.11: 
	6.12: 
	6.13: 
	6.14: 
	6.15: 
	6.16: 
	6.17: 
	6.18: 
	6.19: 
	6.20: 
	6.21: 
	6.22: 
	6.23: 
	6.24: 
	6.25: 
	6.26: 
	6.27: 
	6.28: 
	6.29: 
	6.30: 
	6.31: 
	6.32: 
	6.33: 
	6.34: 
	6.35: 
	6.36: 
	6.37: 
	6.38: 
	6.39: 
	6.40: 
	6.41: 
	6.42: 
	6.43: 
	6.44: 
	6.45: 
	6.46: 
	6.47: 
	6.48: 
	6.49: 
	6.50: 
	6.51: 
	6.52: 
	6.53: 
	6.54: 
	6.55: 
	6.56: 
	6.57: 
	6.58: 
	6.59: 
	6.60: 
	6.61: 
	6.62: 
	6.63: 
	6.64: 
	6.65: 
	6.66: 
	6.67: 
	6.68: 
	6.69: 
	6.70: 
	6.71: 
	6.72: 
	6.73: 
	6.74: 
	6.75: 
	6.76: 
	6.77: 
	6.78: 
	6.79: 
	6.80: 
	6.81: 
	6.82: 
	6.83: 
	6.84: 
	6.85: 
	anm6: 
	btn@6@EndLeft: 
	btn@6@StepLeft: 
	btn@6@PlayPauseLeft: 
	btn@6@PlayPauseRight: 
	btn@6@StepRight: 
	btn@6@EndRight: 
	btn@6@Minus: 
	btn@6@Reset: 
	btn@6@Plus: 
	7.0: 
	7.1: 
	7.2: 
	7.3: 
	7.4: 
	7.5: 
	7.6: 
	7.7: 
	7.8: 
	7.9: 
	7.10: 
	7.11: 
	7.12: 
	7.13: 
	7.14: 
	7.15: 
	7.16: 
	7.17: 
	7.18: 
	7.19: 
	7.20: 
	7.21: 
	7.22: 
	7.23: 
	7.24: 
	7.25: 
	7.26: 
	7.27: 
	7.28: 
	7.29: 
	7.30: 
	7.31: 
	7.32: 
	anm7: 
	btn@7@EndLeft: 
	btn@7@StepLeft: 
	btn@7@PlayPauseLeft: 
	btn@7@PlayPauseRight: 
	btn@7@StepRight: 
	btn@7@EndRight: 
	btn@7@Minus: 
	btn@7@Reset: 
	btn@7@Plus: 


