
Lecture ^

Fluids undergo laminar - turbulent transitions in several

ways . For most of there lectures , we willbe

interested in how a laminar fluid becomes turbulent

as we increase Re
.

But I want to start off

by talking about the opposite care : how
turbulence can become laminar

.

This is what

happened in the sandstorm !

t.lspeedofarivo.la
◦ lmogorov was one of the first to ask how fast
a river flows

,

but not the first . As far as

I know , the French engineer Chézy around
1768

,
was the first to consider this scientifically .

In modern terns
,
the argument is this .

We

will try to calculate the speed three ways .

L= 106 m D- 10m
H = 102m * g- 10m51
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method Comovation of energy .

±pU2 = ggtl ⇒ U=2gtf
= rif.io
= 10×1.4×3

≈_0ms
Method : viscosity . Fluid flows in steady
state so viscous force = gravitational force
1- e

.

v IZU

Tzu
= 90 V = %

= 10%251

Boundary conditions U = 0 2- = 0

dg = 0 2- =D

U (7) = Uo ZCZg2D)_ , Uo = 9%132

Uo~10.IY-o4.gl#--l05msIMethod3:-
Use a basic fact about turbulence

which was even known to Newton .

In steady state ,
rate of energy production =

rate of energy dissipation .
The amazing guns by Newton

, Chezy , Kolmogorov



is that the drag fore /unit mass

For a U2 not u !

Dimensions : [Fa] = LT
-2

⇒ need 42/length .

Fd = OCD UYD hypothesis .

Rate of energy dissipation
c- = Fd .

U = 43J .

Note : Usual argument is F cascade so U? agg ,
rate =#

The rate of energy production %
""F-prefer myforce - based

go ✗ U argument to
i. : relate to

Newton/ctésy .force
"

velocity .

Both arguments are
hypothesise- + heuristic

Thus 43
I

~ GOU ⇒ 42.* GOD

⇒ U ~ 10
.

10-4
.

10 =l0-2m
Experimentally , mean river speed ~ tourist

so the turbulence guns for the friction is the

closest , by far !

Conclusions Generic flow stale of river is turbulent .
True for air too , . . . _



t.28uppressionoftwfubnce.TKbasic idea is that turbulent kinetic energy
can be used up if there are particles
suspended in the flow .

Once this happens
and the details are very

subtle and still being
worked out

,
the flow will become more

laminar and the mean speed will increase .
If the mean speed increases andthe flow is

over a loose soil
,
then more sand can be

brought into the flow reducing the turbulence
further, up to a limit .

t.3Pnpagafsvnoftwbukrce.tn
a tornado

,

there is frequently dust and also
water droplets. . We might think of the
interior of a tornado as somewhat laminar

,

the exterior as turbulent
.

The reason is



that the suspension suppresses turbulence .

Q / What controls the propagation of a laminar-
turbulent boundary ? Is it smooth or sharp?

A/ Let qlz ,
t) = turbulent kinetic energy at

C- , t)

.

.

.

. ᵈ⇒ =
- c-

◦ ¥ =
- c-◦q

rate of if there is no spatial variation .

energy
-

dissipation
Now put in space by as¥É a

diffusion of energy :( in D= 1 for simplicity)

deg = 2£ ( Diez) - £o9÷"
"
-

energy diffusion
The crux of the argument Takht

_

to Kolmogorov 1942.

Dq = 04)×LJq
since by 1<41 hypothesis, the turbulent dissipation
should not involve V.
We will set constant = 1

.



We assume L is proportional to the size
of the turbulent path . ↑ Lamine

L = ✗ hit) hwhht
↓ Lamin

This gives :

d-q = ✗ ( hHlÉQq) - §&÷
,

12-1≤ hit]

q = 0 µ > hct )

We assume initial turbulent energy
is in -aura

a

[ (2-10) = Q-au.IE) Q=fqGDdz
fiafsds =/

We can solve in the case E. = 0
.

The solution is qlz.tl = {g÷µ,( 1- ¥hÑ+
where %

"

= 135244

hit ) = Csi"Q"'t th " ~t%
and the function ( I-2¥ means

C- KY as long as (1-22) is tire .



Thug ^%⇔Tw Lami①
shopfront!◦¥¥÷ .

Now let's look at effect of C- -1-0 . The

right way to do this is by RG , but
we can

do this in a quick and dirty way
as

follows .

If c- ⇐ 1
,

the
energy is

not conserved but is

being removed slowly with respect to the

spreading of the turbulence .
So we will

make an adiabatic assumption and say

that Q is no longer constant but slowly

decays with time .
Since Q ± g

hG)

- hctj
ECZ,f) dz



⑦ = - ¥⇐, Iii '- dz
Our adiabatic approximation is to replace
Q by Qct ) in the zeroth order solution

for get it ) . 2

i. e. quit)=%%÷, C-E.) +
Thus 9/2 I

⑤ = - ÷ ÷.fi#idz-
For long times ,

in the zeroth order solution

hlt) ~ % 0%-3+43
⇒ 4312 ~ 30312 Q " t

⇒ dd- = - (sluts) × Qt
1- e. Qct ) is a power law int !

Specifically : (f) = Qcto)⇐J%ñ
Threes we conclude that the propagation is

h (t ) ~ f.
% - c-121×2+06-2]



This calculation shows that a turbulent front

spreads with an anomalous scaling in the .
Nol ① The RG theory was worked out

by Chenard mein 1992
,
based

on Baenblalt 's original description .
② The sharp front predicted by

The sharp hint Bared lalt was observed in experiments
not a Gaussian
← on Helium 2 . See the Popodecay of7€ by Mike Smith .

explain the
extreme localisation ③ Later we will discuss turbulence
in a tornado propagation at low Re .

The

calculation given here is for

high Re where 1<41

scaling holds .

E-ipt.IE#*.
Second M

sound

standing→÷¥%*÷÷;r¥+lines
.

So by measuring
wave

.

Q /What do we see at standing wave ?



Ay
Altauñim

I
←

↑ [ twfakne . . . _ ,

then decays
Laminar until i - . . . .

arrives away

-a-
1-4Transitintotwbubna-
Now we start to examine how fluids become
turbulent as a control parameter is varied . I

will start by explaining the set - up for
Rayleigh - Bénad convection

,

where we vary the

temperature difference between two plates

containing a fluid .
Then we will spend

the rest of the lectures talking about pipe
flow mainly .


