PROBLEM N°14
ERRATIC RAINDROPS
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Z
Erratic Raindrops ;‘%

“When a car moves with high speed in rain sometimes the
drops on its side window walk up but not down.

Explain the phenomenon and find the conditions for it to occur
(size of the drops and the car speed for example).

What determines the drop trajectory and how does it depend
on the important parameters?
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Main idea

» Wind going up

<l

» The drops will partly follow the wind




%
X One droplet

Car

. Will it stay ?




One droplet

Car

Will it stay ?
3 forces :

Drag force Fp
Weight P
Adhesion F 4

Many parameters !




Let’s begin by simple experiments

Small drop




Will a drop stay ? Fighting gravity ...
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Will a drop stay ? Fighting gravity ... %
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Maximum angle ?
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Angle needed to dislodge a drop ;‘%
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Modelisation — Maximal angle

D Diametre
) Volume

Adhesion force Fyq =7

P = pwatergﬂu—;
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v
Modelisation — Maximal angle i%

Model of Furmidge

D Diametre Journal of colloid science, 1962

) Volume

P = pwatergﬂu—;
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v
Modelisation — Maximal angle i%

A drop ...
D Diametre
Q) Volume

Model of Furmidge
Journal of colloid science, 1962

Maximum before sliding
 Direction = axis of the deformation

F,q <y(cos0,-cosf,)D

y = superficial tension of water

P = pwatergﬂu—;
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Back to results : Maximum angle
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Psina =F,; = pgsina =y(cos?, —cosHa)%
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Plexiglass & Car glass
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Back to results : Maximum angle
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7
Advantage of this model i%

A model for the maximum adhesion :

F,; =y(cosB, -cos6,)D

proportional to diameter.
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high

low

wind

Small drop
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2- Influence of wind ?
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Small drop
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Wind needed to dislodge a drop ? ;‘%

Wind tunnel

0< u<25m/s

<l
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“
Wind needeiz’ to dislodge a drop ? ;‘%

U FD

Wind tunnel /l—>
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R/
Wind needed to dislodge a drop ? ;‘%

Re > 1

1 2
Drag force F = ECxSu

Faa = Fp

L2 2y (cos 8, —cosf,) 2
o S
1

2 .
u“ scales in —
D
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R/
Wind needed to dislodge a drop ? ;‘%
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2- Influence of wind </

Horizontal
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high

low

No
wind

Going back to the main problem
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irection of the drop ? Horizontal win
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Direction of the drop ? Horizontal wind »;é




Direction of the drop ? Horizontal wind

Chronophotography
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Direction of the drop ? Horizontal wind

w —

Fp

= 90°
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Direction of the drop ?
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Car

c —_—
Psinae,,
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Direction of the drop ? Any wind »‘é

Car

If adrop slides: Fgqg <X

—

Y= Fp, + Psinae,,

Psinae,,

30



Direction of the drop ? Any wind »‘é

Car

If adropslides: Fgqg <X

—

> = Fp, +Psinae,

f—)

e,
Psinae,, COS'B = ”f”
; P sina + Fpcos Bp
cos ff =
J (P sin@)2+42P sin a Fcos f, + (Fp)? .




Direction of the drop ;é

Psina + Fpcos fp
cosf =
\/(P sin a)2+2P sin a Fpcos By + Fp*
Checking

Setupl:Fp =0 Setup 2 :weight =0 Setup3: a =90°
Bp = 90°

cosf =1 cos f = cos fp F,

tan,B =?

It follows the weight... ... the wind ... the weight and the wind | 32
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No weight Small drop Bigger drop
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Wind on the car window ?
Experiment

ECOLE POLYTECHNIQUE - French Physicists’ Tournament 2018
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. . X
Wind on the car window ? vﬁ

Experiment with little threads

O o

o 14:"‘-\; i
g

There IS wind going up !
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Why is there wind going up
the car window ?

Photo : Steve Morrins



Why is there wind going up
the car window ?

ECOLE
POLYTECHNIQUE
UNIVERSITE SARIS-SACLAY

A cornet like structure !

= Windscreen

™S

Wind locally
going up

Patrick Guilleron, Aérodynamique Automobile pour I'environnement, le Design et la sécurite, édition Cépadués, 2014,
ISBN 978.2.36493.091.9.
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Real conditions
Many droplets

One big drop

Smaller
droplets @ b
@

e e
e e
e
® e
e
e @

Incline the plan until the big drop slides
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Real conditions ;‘%
Many droplets

Zoom

: It affects
on merging $

the direction.



Conclusion - Erratic Raindrops

* Thereis wind is going up the window : el - - \\\'

* Physical arguments : whirls on the window

N

* Adhesion force : F,q <v(cos@, -cos6,)D
* Maximal inclinaison for a given drop : sina ~ L2 %
 Wind speed needed to dislodge a drop : u? scales in %

* Trajectory perfectly determined by weight P, drag force Fp, and the direction

of the wind Bp : Psina + Fpcos Bp

J (P sina)2+2P sin a Fpcos B, + (Fp)?

cosf =

In real conditions : merging, influence of wetting, not perfect surface ... erratic !
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Thank you for listening |
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Hysteresis
6, < 0, < 0,

A
v

Measured :
Water/plexiglas: 6, =28°+2° , 0,=69° 4+ 2° => A0 =~ 34°
Glycerine/plexiglas : 8, = 39°+ 2° , 0, =73°+ 2°=>A0 = 41°
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Measure Hysteresis
6, < 6, < 6,
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Volume (ul)

120

100 -

20 4

Geometry of a droplet

Experimental law between
Volume and Diameter :

— fit
4+ experiment

! ! ! ! !
2 4 B 8 10
Diametre (mm)

Q=axDP? witha=04; b =245 # 3
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What if a drop falls on the car window ?

-
»r

Size rain drop = 5 to 10 uL

Falling * resting
(kinetic energy)

Modification : slides more easily

A droplet creates micro daughter drops => stay on the window



Deformation of a droplet

Influence of Viscosity (in mPa. s)

5 Olive
0il

Milk

1200 mPa s

Laboratoire d’hydrodynamique de I’X



Viscous force within the droplet

F, = NwaterD U% = 1 uN

Fp == CSU? ~1mN

] mPas U

Water :

F, K Fp : we neglict the viscous forces.
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And on a train ?

Quicker !

Smaller droplets,

Motion mainly horizontal
(except near the very front)




Why is there wind going up
the car window ?

Analogy

=)

Marginal whirls - well known on plane

@f?—m i &5 e p+P'_@

P_ pressure of extrados
P, pressure of intrados

P <P,




!

Windscreen

Secondary whirl

%

~

7/ :\\ Bottom of the bonnet

/ 7 Lateral window
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Why is there wind going up
the car window ?

S PARIS
Gate >

T ! ‘ unlver5|te
RIS-SACL
! .

52

Marginal winds occur on the car !




And the wind on the car window ?
Value ?

anemometer




Wind speed (m/s)

25

20 -

And the wind on the car window ?
Value ?

e
P . k;'} : \
e +‘ ® Simulation

5 10 15 20 25
Car speed (m/s)
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Why is there wind going up
the car window ?

Qualitative argument

Model

Shorter path |

55



Car

. —
Psinae,
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