Law of similarity and Reynolds number:

Constructional systems of fluid physics can be simulated with smaller models! All
dimensions of distance | and time t will be scaled to dimensionen of unity L und T and

the velocity expressed as L/T !

t=t .T — 1 . L
o u=ueT, p—p()P“
I = I/ . L V = VT’ viap = force _  m-acceleration _ L2z
area area L2
The primed quantities are dimensionless!
Navier-Stokes:
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’;.T = pn = Re: Reynolds number

What is the meaning of this number?
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5 Expansion with L<u: | W = Re
friction

e.g.. from experiment for water pipe: Re=2300

> 2300 = turbulent

< 2300 = laminary

Other examples, in order to demonstrate the direction of argumentation! Ship in water:
Question "Is it more advantageous with respect of fuel economy to build large ships?*
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6 Quantities enter a discription: Fop.unlg

Length, Mass, Time
There are 3 relations:
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Froudes number (here =0),
oL only for weight waves
dimensionless: p = g.ui.ﬂ proof:p = — L2L2
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large ships are more cost efficient



Another example: Rowing:
What is the difference of speed of an single compared to an eight rower team?

Power of oarsmans: E=F*u~n, n=number of oarsmen

Weight of a team of oarsmen: W~n R=Re
E petr>-I*-fR) u’ -f(R) _
W P = —7 - Does not explicitly depend on n!

|, the size of the boat, design for water displacement,

. _ | | 3 e ™0 1
depends via W =P Z noonn. Men: Min.Sec: Single: 6.33

Eight:5.19
=P ~n=1I1~n e P
Because E/W does not dependonn 4 Women: 7-10
. 5.54
follows: u ~ il = 1 Distance:
In the race: 3 2000m
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4. Oscillations and waves
4.1. Free oscillations

a) Flood oscillations -
mex=—0)ex = wo = )=

m +x. Inertial force D «x - Resetforce

b) Rotary oscillations Result:

D*
!

[p=-D* + ¢ = wg =

Damped oscillations:

m oex= —kox =D « x or mex +hkox +D ex =0

kox Frictional force

Mathematical structure : Homogene, linear differential equation



Solution with complex numbers: m Z Ak oz 4Dz =0

Ansatz: z = 4 .7y : complex T s IV

Derivation: z= iy« A« ;

z= (i '?’)2 e A e et = —'}’2 e A eVt =

- R _1

—}??"]/2'A'QETI—FE."]/'k'A'E?IITI—FD'A'E?I-TI:O

hence the characteristic equation: —m «y2 +i«y < k+D =0

or ¥y2 —iey skim—Dim =0
y = 2 (ks [ +4mD)) = 5eizo =
> — 4. ei-(é-iiw)f — Y o g0t pit0t

with o
as damping constant!
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Without damping
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0 ___ZDW: Wkﬁ?_'_WpGI: %mx _|_%D_x2
A Energy of damped oscillator:
' T1 I T2 Oscillates and drops uniformly

l.e.. energy

1 2
From W = 2D - xj atx(¢r. = 0) drops twice as much
as

1 2
W= SD-x3 atxy(tr =7) the amplitude

xy =x0 el ecosol = W = %D « x3e 201



Definition of figure of merit of a set-up:

2m.stored energy == 2n-W _ 2nW _ m _ me® @
energyloss in one period _W.T

25-W-T 8T 821 26
y = 2 (k= J(=k* + 4mD) )

3 cases: a)k? < D «m : Case of oscillation

b)t? = 4«0 «m aperiodic limiting case

LT,

nul -

C) k% > 4 +«D « mcrawl speed

by

.\.'H.
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@ Imaginary :

System returns exponentielly . e
to rest position,
as b)




4.2. Forced oscillations

Force from outside F

act on periodically on an oscillatory system.
mathematical treatment :

m ez +hk oz 4D oz = Fp « @'
Ansatz forz: 7z = 4 . gflot-a)

. Phase shift to
" outside force

Derivatives:
Solution via )
differential o— j e s pilwi-a)
equation

z= —@? « 4 + ef0re) —
—0)2 . I -A . ej(mf_a) —+ 7 . k ) -A . ei(mf—aj
4D« 4 e ez’(mr—ﬂ:) = Fy oot

w0 emeAtikew-A+D A= T

A
. Fo-e® .
m(2 — o) +iko = ':'Ae = m(oi-0?)+ik o= %(cosa—u‘sma)




— %) +ik o = “X(cosa + isina)

r Phase shift:
Fa ~ . 8111 & . o
b k *uw tana = cosa me(w2—w?)
M e 2w o = gretan —&©
| m-(m%—mz)
i c(FoN2 20 2 27\2 2 2
Amplitude: (=2)? = m*(0g — 0*)* + k2 « 0 | |
Discussion:

Physical solution:
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X=A - cos(ot — a)
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