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Present projects

Measurements
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1. Technical News

Two different ways to study Rayleigh Bénard convection:

—

Global characteristics

 study of global quantities like
heat flux, velocity, global flow
structure, flow dynamics

!

« aims to predict scaling laws like
Nu,Re=f(Ra,I’,Pr)
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Local details

* local details like boundary
layers, local transport,
turbulent dissipation

!

 looking for significant
variations in the local flow
fields, e.g transitions of the
boundary layer structure

ILMENAU UNIVERSITY OF
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Different philosophies to built up experiments:

—

to study global characteristics to study local details
* maximum Ra numbers + large-scale experiments for
Present projects  large parameter domains high resolution
e e - accurate measurements of the - small and (preferably) non-
global quantities intrusive sensors
! !
« experiments in liquid Helium or * experiments in air or water
compressed SF, « virtually unrestricted access
» disadvantage: limitations of local for measurements
measurements

W
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Measurements

Heating
Plate

Physical parameter: Technical data:
Ra = ...1012 d=7.15m
r=1.13..143 h=0.05..6.30m
Pr=0.7 A9 =25..60K
Nu = ...1000 Q0 = 10 kW

Re = ...250,000 Q. = 15 kW

W
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Even in the BOI it is of crucial interest to span a wide

BO parameter range in Ra and I
1

Accessible parameter field of the D=7.15 m cell
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Present projects

r=D/h

Measurements .I

4 5 6 7 8 9 10 11 12
log Ra

The domain in Ra for I'=const. Is limited to 1.5 decades!
The variation in I" for constant Ra is limited to a factor of 2.5!

v
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Smaller inset of D=2.5 m in the big barrel

Present projects

Measurements
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2. Present projects
BOI

oo . Local wall heat flux measurements®

Relative thickness of the thermal boundary layer at I'=1
along the large-scale circulation

Technical news cooling plate
]
1.8 — T T T T large-scale R—
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Lui and Xia, PRE 57 (1998) du Puits etal., NJP 12 (2010)
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To study the effect of Ra and I" on the distribution of the
~ local wall heat flux
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Setup to measure the local wall heat flux distribution

Infraredcamera,
resolution 0,03K

Technical news

Measurements J
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; q=M(Ipp-9)/d Silicon pad,
) i < d=2...5mm

Heating plate with
known temperature

Page 12/30 KITP, “The nature of turbulence”, Santa Barbara, California, 3/30/2011 ILMENAU UNIVERSITY OF
TECHNOLOGY




BOI Some ideas to measure (more ideas are very welcome):

I
Averaged quantities

Distribution of the local heat flux at I'=1 and variable Ra

Distribution of the local heat flux at fixed Ra and variable I

Global flow structure at variable I" analyzing ist footprint at the plate
Critical aspect ratios for transitions between different flow modes

Technical news

Measurements

Instantaneous quantities

* Evolution of the mean flow orientation
* Probability of different flow modes at transitional aspect ratios

W
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Technical news

Measurements
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Following the ideas of Eckhardt, Grossmann and Lohse [EPL 78
(2007)] the analogy in the turbulent transport between different
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Our part in this project is the experimental study of the RB system
and we will focus on the the flow field inside the boundary layers.

Parameter range

Technical news  Ra=10°...1012

« I'=1...10
« Various locations at the heating and the cooling plate

Measurements

Measurement tasks

Temperature profiles

3d velocity profiles (all three velocity components)

Simultaneous temperature and velocity measurements

PIV, PTV measurements (which is hard since the orientation of the
flow permanently varies)

W
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3. Viscous boundary layer measurements

cold
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Finite lateral extent of the cell
creates a mean flow

Boundary layers develop
Bl‘s determine the heat
Present projects transport

Technical news
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,What is the nature of the heat transport
Technical news troughout the boundary layers?*“

Present projects

q=—A—-+pc,(wT)

/ \

Diffusion Advection

W
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BOI Scenario 1: Laminar boundary layer (acc. Prandtl/Blasius)

Technical news

Present projects
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U, 9

- Stationary, two-dimensional flow, small fluctuations might
be allowed

* Wall-normal velocity component small compared with that
parallel to the wall

» Basically parallel stream lines (as shown in the sketch)

» Diffusive heat transport according Fourier‘s law

q=—2% ) [~—-Z
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BOI Scenario 2: Laminar boundary layer with fluctuations
U, q

Technical news

Present projects

* Fluctuating but still two-dimensional flow, ©’',v',w' < U,
- Basically parallel stream lines (as shown in the sketch)
 Diffusive + advective heat transport

q=—2A5-+ pc,(W'T') with ‘—Aa‘ > |pc,(w'T")|

v
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BOI Scenario 3: Fully turbulent boundary layer

U, 9

Technical news

Present projects

* Fully turbulent boundary layer, u',v’',w' = U,
* Only a thin viscous sublayer survives
« Mainly advective heat transport

q= —1; + pc,(W'T')  with ‘—la‘ K |pc,(w'T")|

v
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Technical news

Present projects
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BOI Orientation of the large-scale circulation
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" Ra=2.88 x 109, A=1

wossssssn ¢ Plot the instantaneous angle of the LSC
 Oscillations by =90° around the mean
angle

Page 22/30 KITP, “The nature of turbulence”, Santa Barbara, California, 3/30/2011 ILMENAU UNIVERSITY OF
TECHNOLOGY



Mean horizontal velocity profile

Ra =3.4 x 10° vy =vVu?+vZ  -wall-parallel velocity
r=1, Pr=20.7 w - wall-normal velocity

Technical news
deviation from Blasius
Present projects ' ' ' . Mo o T o
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Dvnamic space transformation of the profiles
Zhou and Xia, PRL 104 (2010)

1. Instantaneaous velocity field
2. Instantaneous thickness 4, (¢t) of the bl
3. Rescaling of z with respect to 4,,(t)

Technical news l

Present projects The transformed profile u*(z*) perfectly
fits the Blasius prediction
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Dvnamic space transformation of the profiles
Shi, Emran and Schumacher, APS meeting (2010)

Ra =3x10°
r=1, Pr=0,7
Technical news 1r
Present projects
} 0.8 Blasius profile
>
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There are two fundamental differences:

Rectanqular cell Cvlindrical cell

——

Technical news

Present projects * Fixed orientation of * One more degree of
the LSC freedom for the LSC
* More dynamics!

Pr=0.7

d,, Ot

6y <4, * 6, and 6y are of the
same order

W
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Mean velocity profiles

Ra =29 x 10'° vy =vVu?+vZ  -wall-parallel velocity
r=1, Pr=0.7 w - wall-normal velocity
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Fluctuations
Ra = 2.9 x 10° V| - standard deviation of v
r=1, Pr=20.7 w' - standard deviation of w

0.25
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BOI Which of the models for the boundary layer is the right one?

Technical news

laminar bl with turbulent bl

Present projects .
fluctuations

q=—A=+pc,(w'T)

< |pey(w'T")|

d

4%

2 |pe,(w'T')| ‘—A%

T Have we already reached the ultimate state?

W
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THAN 1T YOU!

63rd Annual Meeting of the APS's Division of Fluid Dynamics, a”
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