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Fluid dynamics and energy : general introduction
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General introduction

Fluid ows are everywhere in daily life Notations
Geophysical ows Vectors
Transportation Implicit summation
Biological systems Operators
Combustion Glossary

Complex ows
Course organization

Activities

Content
Textbooks
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X Motivations @

@ Flows are everywhere in daily life

o Geophysical ows
climate, wheather, environment, hydraulics

o Transportation industry : space, aeronautics, marine & sub marine
and also sport applications

e Transport of uids (energy industry, chemistry)
e Biology (physiology, biomechanics, medicine)
@ Combustion (reactive ows)

e Complex ows (two-phase ows, including solid particles, ...)

Fluid dynamics is, above all, the direct observation of ows!
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X Introduction @

@ Weather satellite images www.meteofrance.com
www.meteo-lyon.net

Intertropical Convergence Zone
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X Introduction @

@ Hurricane Ivan - 13 Sept. 2004 - Category 5

Hurricane Ivan near Cuba and Florida, moving at 14 km/h with w  inds at
260 km/h and wind gusts reaching 354 km/h
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X Introduction @

@ Hurricane Katrina - Sept. 2005 - Category 5

Wind gusts of 280 km/h (average during 1 minute in USA), 80% of New
Orleans was ooded, Dixon et al, 2006,Nature, 441, 586-587

(1464 people died in the hurricane and subsequent oods according to the
Louisiana Department of Health)
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X Introduction @

@ Earth's (land and marine) surface temperature from 1850 to 201 6
expressed as anomaly' from 1961-90 in dashed line
data from www.cru.uea.ac.uk
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X Introduction @

@ Eruption of the subglacial Grimsvotn volcano (Iceland, 21 Ma y 2011)
An initial large plume of smoke and ash rose up to about 17 km he ight.
Courtesy of Thordis Hognadattir, Institute of Earth Sciences, U niversity of Iceland
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X Introduction @

@ Hydrodynamics : propeller cavitation
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X Introduction @

@ Aeronautics

Fleet Air Arm Corsair Il in 1944,
(unintended) visualization of the
propeller wake

Tip vortex behind an airplane
Boeing 767-370/ER

ECL - Fluid dynamics and energy - cbl




X Introduction @

@ Emirates A388 over Arabian Sea on Jan 7th 2017, wake turbulenc e sends busi-
ness jet in uncontrolled descent www.avherald.com

The CL-604 passed 1000 feet below

an Airbus A380-800 while enroute

over the Arabian Sea, when a short

time later (1-2 minutes) the aircraft

encountered wake turbulence sen-

ding the aircraft in uncontrolled roll

turning the aircraft around at least

3 times, both engines amed out,

the Ram Air Turbine could not de-

ploy possibly as result of G-forces

and structural stress, the aircraft lost wingspan of 19.6 m (Canadair
about 10,000 feet until the crew was Challenger 604) versus 79.7 m
able to recover the aircraft exercising (A380)

raw muscle force, restart the engines

and divert to Muscat.
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X Introduction @

@ Airbus A380

fan & compressor fan, turbine, combustion & jet slats

.

\

winglets

aps

tailplane

landing gears fuselage AUP
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X Introduction @

@ Shock waves of a supersonic jet ying above the Mojave desert (NASA, 2015)
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X Introduction @

@ Lift and drag forces
Camber airfoil as an illustration

Uy = R

free stream
T FD
~\§§§\\§\
a Ik SR _

angle of attack

mg chord line

The resulting aerodynamic force R exerted to the airfoil is usually decomposed
into the lift force R, de ned as the component perpendicular to the oncoming,
and the drag force Fy acting opposite the motion of the airfoil.

(T is the thrust induced by the propulsion system, and mg the weight)
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X Introduction @

@ Lift-to-drag ratio FH/Fp
Flight performance indicator (« nesse » in french)

R/ o,
410 gob glider (DG1000)

a4 __________________Solarimpulse 2
PN A380 (20.0), B787 (20.6)

Airbus 320 (17), Boeing 747 (17.7)

Concorde M = 2
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X Introduction @

@ Solar Impulse 2
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X Introduction @

@ An interpretation of the lift-to-drag ratio R/
Aircraft ying at constant speed,0 = T+ R+ I+ mg

(
R Fo + mgsina+ T =0
. mgcosa=0

FFo— S g
T J a (small) With the engines off,

-~ ~

mg ight path R_ 1

Fb tana

R/ ' 20

glide angle a = 2.86 deg

Ko A380 at cruise altitude, h' 13150 m
distance own L' 263 km
v
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X Introduction @

@ Separation of the boundary layer

Visualization (dye streaks in water) of laminar separation from an airfoil 64A015,

at Re. = 7000, with zero incidence and with an angle of attack a = 5deg
(Werlé, 1974, ONERA)
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X Introduction @

@ Separation of the boundary layer

Airfoil (ONERA, D-prole)
chord c= 100 mm, € | = 10.5%
10 Reg 5 10 From Werlé, SFP37 (1980)

streamlined body ! Dbluff body
(a)a= 5deg

(b) a= 10deg

(c)a= 17.5deg

(d) a = 25deg
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X Introduction @

@ Typical break down of overall aircraft drag by form & componen t
(Hills, 2008 ; Airbus A320)
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X Introduction @

@ Building's energy ef ciency : Pearl River Tower
(Guangzhou, China, 2011, height 309.60 m, 71-story skyscragr)
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X Introduction @

@ Elite cyclist : reduction of drag ... (Blocken & Toparlar, J. Wing. Eng. Ind. Aerodyn.2015)
... when a cyclist rides in front of a car

For a 50 km individual time trial : 3 d 10m=) 1mm! 4stime reduction!
Recommendation for UCI, d 30 m
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X Notations @

@ Both indicial and boldface notations are used to indicate ve ctors

|
vector U U, i-th component U;, norm U, U%= U U

gravity 9,0 = 9, 9 =(91,02,93) =(0,0, g),g= 9.81 ms?

density r (kg.m 3)
d; Kronecker delta

Einstein summation convention
When an index variable appears twice in a single term (dummy i ndex), it implies
summation of that term over all the values of the index.

Scalar product between two vectors a and b (index i repeated)

Short quiz djg =7 ajd; =7
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X Notations @

@ Differential operators (expressed in Cartesian coordinat es)

Gradient | f
b=r f gradf = —
g b X
Divergence
3 3
: o} ﬂUI o) ﬂUI
r U=dv(U)= — = —
( ) iél Xi |§1 Xi
Laplacian
3 2 3 2
r2f=pf=§ = =3 I
=1 I 2 X9
Curl
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X Notations @

@ Glossary
airfoil pro |
boundary layer couche limite
curl rotationnel
drag trainée
lift portance
lift-to-drag ratio nesse
density (mass per unit volume, kgm 3) masse volumique
relative density densité
bluff body corps non pro lé
streamlined body corps pro lé
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X Introduction @

@ Textbooks

Anderson Jr. J.D., 1991,Fundamentals of aerodynamjddcGraw-Hill Int. Edts.

———, 2004,Modern compressible ow with historical perspecticGraw-Hill Int. Edts.

Batchelor G.K., 1967,An introduction to uid dynamics Cambridge University Press, Cambridge.
Candel S., 1995,Mécanique des uidedDunod Université, 2nd édition, Paris.

Guyon E., Hulin J.P. & Petit L. , 2001,Hydrodynamique physiqué&DP Sciences / Editions du CNRS, Paris - Meudon
(translated in english).

Kambe, T., 2007,Elementary uid mechanigsWorld Scienti ¢ Publishing Co. Pte. Ltd.

Landau L. & Lifchitz E. , 1971,Mécanique des uidesditions MIR, Moscou. Pergamon Press.

Panton, R., 2013,Incompressible owsWiley.

Tavoularis, S., 2005,Measurement in uid mechanigCambridge University Press, New York.

Thompson, P.A., 1988,Compressible Fluid Dynamid®\dvanced engineering series), McGraw-Hill Int. Edts.
Van Dyke M. , 1982, An album of uid motion, The Parabolic Press, Stanford, Californ ia.

White F., 1991,Viscous ow, McGraw-Hill, Inc., New-York.
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X Introduction @

@ Textbooks (Turbulent ows)

Bailly C. & Comte Bellot G. , 2003, Turbulence(in french), CNRS éditions, Paris.
———, 2015, Turbulence(in english), Springer, Heidelberg.

Davidson P.A. , 2004, Turbulence. An introduction for scientists and enginedgdxford University Press, Oxford.

Davidson P.A., Kaneda Y., Moffatt H.K. & Sreenivasan K.R. , Edts, 2011,A voyage through Turbulen¢&€ambridge
University Press, Cambridge.

Hinze J.O., 1975, Turbulence McGraw-Hill International Book Company, New York, 1st edition in 1959.
Lesieur M., 2008, Turbulence in uids : stochastic and numerical modelljrdh revised and enlarged ed., Springer.
Pope S.B, 2000, Turbulent ows, Cambridge University Press.

Tennekes H. & Lumley J.L. , 1972,A rst course in turbulence MIT Press, Cambridge, Massachussetts.
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X Course organization ¢

@ Teaching unit - FLE (Fluids and Energy)

FLE 1
Introduction to pratical works (TP), lectures and small cla sses

FLE 2
Experimental and numerical methods (TP + BE)

FLE 3
Practical works on a speci ¢ topic (short project)

This teaching unit requires independent work (about 1/4 of t he scheduled time)
for each part.
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X Course organization ¢

@ Outline of the course

General introduction

Chapter 1 : Kinematic properties and fundamental laws (2h)
Chapter 2 : Newtonian viscous uid ow (2h)

Chapter 3 : Dimensional analysis - Reynolds number (2h)
Chapter 4 : Regimes and ow structures as a function of the Reynold s number (2h)
Chapter 5 : Turbulent ows (2h)

Chapter 6 : Vorticity and basis of aerodynamics (3h)

Chapter 7 : Energy, thermodynamics and compressible ows (3h)
Chapter 8 : Heat transfer (2.5h)

Chapter 9 : Mixing of uids (2.5h)

Chapter 10 : Combustion and ame (3h)
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